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Abstract

Understanding, quickly, completely and correctly, is crucial to every phase of the software development process. As
system size and complexity continues to grow, effective visualisation of system components, together with their properties
and relationships, becomes increasingly important in achieving understanding. Virtual worlds allow more information to
be presented in visualisations while minimising the impact of cognitive information overload. In this paper, we describe
our application of virtual worlds to visualisation of software engineering artifacts and present some examples from our
work on object oriented software systems.
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1 Introduction cally interested in developing systems which are effective

Th f soft devel th h dd on standard workstations.
© Process oT sotware development Nas cnangec r8™ rhe remainder of the paper is structured as follows. In

matl_cally over the last three decgdes. The size and Cor.rfﬁe next section, we outline some of the reasons we advo-
plexity of software systems has increased markedly. It 'Rate the use of visualisations in software engineering. In

not uncommon for software engineers ta he working Osection 3 we discuss the advantage of virtual worlds and

projec'Fs_ invo_Ivir!g_ millions of lines of code—far beyc_)nd VRML in developing software visualisations. Some ex-
the ability of individuals to comprehend fully. In addition amples of our current applications of these ideas are given

many other componen —includin ifi- . . ;
ggggse’ te; ylgrgsear::g vepr(;ioen Er;[?opr(rensationc ugregir?\f)oel\fe 4n section 4 and some conclusions and suggestions for our
' P uture work are contained in section 5.

and their interrelationships are correspondingly complex.

The problems of designing, i_mplementing and maintainingz Visualisation issues in software engineering
large systems are substantial and have contributed to the ) _ )
various attempts to attack the issue of complexity. and dynamic aspects of software [8]. These can be cate-

Software reuse [12, 19] requires rapid understandin&or:\jed m;anous ways [23]h. . h b developed
of both available components and the client application, any diagramming techniques have been develope

Software metrics [7, 10, 16] involves extracting knowledgeF0 represent various aspects of software systems. These

about a software system by measurement. We believe thgl[cl:lu_de rs],_tru(cj:_ture chartsc,i data ﬂﬁw dléafr?ms, enhfy-
effective visualisation is a prerequisite to significant ag-relationship lagrams an many_ot ers [. , 101 €xamp €l.
vances in these and many other areas. Common techniques for analysing metrics data include

. . . histograms and scatter-plots. Other techniques such as
. Much of the code us_ed tod_ay IS written in Iangua_ge%viat charts, Chernoff faces [3], tree-maps [17] and fish-
W'.t.h some degree of abject orientation. While OO Slm'eye views [13, 26], developed to enhance the presentation
plifies many aspects of software development there ar f complex multivariate data, have been applied to soft-
ways in which its richer underlying semantic model ac- e engineering situations. '

tually complicates matters. As discussed elsewhere [6] a Realistic models generally involve multiple dimensions

data model appropriate for representing OO arch|tecture§nd are challenging to represent visually, particularly in

is substantially more complex, comprising more COMPO%,4 dimensions. Despite significant advances in the graph-

X r?lqg capabilities of tools such as spreadsheets, the represen-
models for conventional languages. For example, factor

. L ) fation of systems of realistic size remains problematical.
such as overloading and overriding complicate the ProcesS.-sons for this include the following
of trying to establish the “neighbourhood” of a particular '

component as required for activities such as reuse. « The number variables may be very high (perhaps

Without effective and convenient visualisation tools, several hundred) and it is not always possible to de-

ment the tools available to software engineers with non-
immersive virtual reality visualisations. We are specifi- e The ranges of data values can be extreme.



e Outliers are often of particular importance. colour indicating most recent modification time and with
o ] modules currently being edited rotating. Two-dimensional
» Distributions of data values are generally highly \gpresentations of such situations have been described by
skewed. Ball and Eick [1]. An artificial horizon is provided to pre-

e Numeric values may have little absolute significance\/ent the user from becoming disoriented.

and subjective comparisons with data from other3.2 VR advantages

systems may yield valuable insight. We advocate the use of hon-immersive VR as a power-

ful tool for software visualisation. The enhanced feeling of
“being there” is particularly conducive to exploratory data
inspection.
3 Virtual worlds for software visualisation An effective visualisation is inevitably tailored to a spe-
cific subset of an application domain. Developing a visu-
alisation is generally a high-effort task requiring the ser-
vices of specialists in areas such as psychology, HCI or

aphics as well as domain experts. The potential benefits
#{clude enhanced understanding and availability of infor-
mation otherwise buried in data.

In contrast, techniques such as the simple histograms

Such features make software visualisation difficult in
general with simple representations such as histograms.

Virtual reality (VR) is an idea which has been around
for a number of years. Though initially the realm of
fiction [14, for example], many applications, potential
and actual, have been identified. General discussions
VR [24, 32, 27] as well as material of a more technical
nature [31, 9, 30, 15] are available. We will not be con-

cerned here Wlth_ln_wmerswe_ VR—involving _data glqves,lgnd scatter-plots described earlier are much more limited
helmets and specialised environments. Non-immersive V .
Put are much more straightforward to produce.

IS achleyed by using an ordinary dlspla_y screen to give the The third spatial dimension adds much more than the
impression of navigating through a 3-dimensional space. _, ... . .
ability to squeeze in another variable. In effect, the rep-

Thoughiit is easy to imagine applications of immersive ! :
. o o resentations of every component and connection can now
VR to software visualisation, we are primarily interested . N . .
. . . ! -have a “depth”. Furthermore, gradients of variables such
in developing tools which are available to software engi- : . .
h ! : 7 as colour and size can be used to convey information. Per-
neers using standard workstation platforms. Options in-

clude languages such as VRML, which are based on scensepectlve effects are provided via the browser, avoiding the

descriptions, or libraries such as java3d which extend geno_verheads of fish-eye distortion techniques—though these

eral purpose programming languages may be used for additional effects.
' VRML's dynamic features allow applications such as

3.1 VRML animated display of system evolution, construction of

The Virtual Reality Modelling Language (VRML) [2] guided tours to be constructed and interaction with applets.
is a language for scene description rather than program- Our goals include providing a degree of control over
ming. A VRML world consists of a tree (scene graph) of the visualisation process to the software engineer. Fig-
nodes, each of which has a number of fields. Over 50 primure 2 shows the architecture of the system used to prOdUCG
itive nodes types of various categories (such as groupingome of the worlds described in this paper. An HTML-
geometry, sensors and interpolators) are provided. Som&e language, XXXX, is used to represent information ab-
nodes generate events which are routed to other nodes $§acted from specific programming languages. Generation
achieve dynamic behaviour. Events are generated by sefif the VRML worlds uses mappings specifying the corre-
sor nodes or when the field values of nodes change. &Pondences between the XXXX and VRML variables and
wiring diagram shows how events, generated by sensdtroperties [18]. For example, a mapping may specify that
nodes or changes in field values, are routed to other nod&§Sses are represented by spheres whose opacity indicates
to achieve dynamic behaviour. Custom node types may bé€ number of public methods.
written and dynamic behaviour is extended through Java or
JavaScript code wired to script nodes. 4 Examples

VRML has many appealing features. VRML files have  In this section we present some examples of our current
a simple text format and may be created using a standasglork and outline the software engineering applications and
editor or generated simply by software tools. Browserssisualisation techniques involved.
for displaying VRML worlds are freely available for many o . .
platforms, often as plug-ins for Internet browsers such aé'l Visualising inheritance structure with cone trees
Netscape. We will take as an example the object oriented brewery

Figure 1 shows a VRML browser implemented as asystem used by Sharble and Cohen[29, 28] in a study of the
Netscape plug-in. A range of controls is provided to al-differences in the systems resulting from using two differ-
low navigation through and manipulation of the world. Theent OO design methodologies given the same initial spec-
world shown contains 1000 generic components laid out oifications. A simple visualisation of the system architec-
aregular grid. These might represent system modules witture resulting from a data-driven design technique is shown
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Figure 1: A VRML browser in action
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Figure 2: Visualisation generation pipeline




(a) data-driven (b) responsibility-driven

Figure 3: Cone tree representations of Sharble & Cohen OO brewery architectures

in figure 3(a) and the corresponding architecture resultin@IT and NOC histograms are used. For example, a large
from use of a responsibility-driven technique is shown innumber of children at a large depth is commonly associ-
figure 3(b). ated with a large number of leaf classes (NOC = 0) at the
In each case, the individual classes are represented Imgxt level. Such a wide “fan-out” has different design im-
cones. Connections (extruded cylinders) between classgdications at high or low DIT values.
denote inheritance. The spatial layout is based on a cone In a study carried out in collaboration with a local de-
tree [25] representation with roots of the type lattice ap-eloper, we obtained data about many aspects of a core
pearing, conventionally, highest in the “up?)(direction. library and several client applications which used its ser-
Text labels appear only when the user is close to an objestices. All software was written in‘€ The core library
(figure 3(a)). We have also experimented with dashboardonsisted of 769 classes while the client applications con-
style head-up displays for displaying text. Where largetributed over 4000 additional classes (not including structs
amounts of text are involved, the use of HTML frames isor anonymous classes). The primary purpose of this study
an effective solution. was to investigate the amount and effectiveness of reuse
and detailed results will be reported elsewhere.
Figure 4(a) shows the distribution of NOC as a function
Sharble and Cohen were interested in using OO softof DIT for the entire system (core library plus client ap-
ware metrics such as the suite proposed by Chidamber arglications) plotted using a conventional diagramming tool.
Kemerer [4, 5] and the “law of demeter” [20] to charac- The diagram has been truncated. If this is not done then
terise differing architectures. the large range of values (the peak is over 1300) and the
The Chidamber and Kemerer suite includes two methigh skew combine to wash out the important detail at high
rics which have potential to help characterise the inheriNOC values. However, this approach causes detail to be
tance structure of a system. These are the Depth In Tragst around the peaks and is difficult to manage in a con-
(DIT), which (assuming single inheritance) gives the pathsjstent manner.
length from a class to the root of the tree, and Number Of  Figure 4(b) shows a landscape populated with similar
Children (NOC), which is the number of direct subclasseslots, constructed from VRML ElevationGrid nodes, for
of a given class. the core library and individual clients. The user can nav-
Distributions of structural fan-in and fan-out enab|edigate freely among them, zoom in and out to change the
systems to be characterised according to their morphofield of view, rotate the world and look up or down. The
ogy [22] from which other characteristics may be pre-problems evident in figure 4(a) are no longer so serious.
dicted. Similarly, DIT and NOC distributions have poten- |f the user is standing at the high NOC end examining de-
tial to highlight features of the inheritance structure of OOtaijl then the large peaks are simply soaring out of view and
systems. In particular, we are interested in ways of hightooking up is sufficient to examine them also.
lighting “interesting” features in systems which may betoo  Where precise measurements are required, it is straight-
large for ready comprehension. forward to use colour to show height ranges and to include
Unfortunately, observed distributions of these metricsgrids and transparent planes for orientation and scales.
exhibit the familiar skew and are generally too similar toThese have been omitted for clarity.
be useful in detecting features. In an earlier study [6] we - . ; .
introduced the idea of plotting NOC as a function of DIT 4.3 Visualising hierarchies with tree maps
to reveal features which are otherwise washed out when As a final example, we consider the generalisation
aggregate representations such as the customary separatetree maps [17]. Tree maps provide a space-filling

4.2 Visualising inheritance structure with metrics
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(a) Distribution of NOC(DIT) truncated to show detail
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Figure 4: NOC(DIT) metrics for € core library and client applications



representation of hierarchical structures. Leaf nodes areomplement existing tools available to software engineers,
represented by rectangles whose orientation depends oesearchers and educators.
DIT and whose area depends on some arbitrary weighting We are currently developing a range of tools for study-
scheme. ing reuse in object oriented software systems and interpret-
A simple VRML tree map is shown in figure 5(a). It ing object oriented software metrics. Once user evaluations
is a representation of an example taken from Johnson arfthve been performed we will be able to identify the most
Shneiderman’s paper [17]. Nested tree maps also show tledfective visualisation models to explore further.
structure of internal nodes but these are not commonly used
because of their demands on valuable screen real-estaféeferences
Many hierarchical structures, such as the inheritance struc{1] T. Ball and S.G. Eick. Software visualization in the
ture of OO software, arise in software visualisation and in- * * |arge. IEEE Computer29(4):33-43, April 1996.
ternal nodes are important.
Figure 5 shows several variations. Even the simplest 3-[2] R. Carey and G. BellThe Annotated VRML 2.0 Ref-

D form (figure 5(a)) can be remarkably effective. Simply erence manualAddison-Wesley, 1997.
being able to walk around and rotate the slab adds much to o
the experience. [3] H. Chernoff. The use of faces to represent points in k-

dimensional space graphicaljournal of the Ameri-

Weighting in the tree maps could be used to reflect - o
can Statistical AssociatiQi$8(342):361—-368, 1973.

properties such as size or age of the components. Simi-

larly, colour, slab thickness and reflective properties can be[4] S. Chidamber and C. Kemerer. Towards a metric suite
used to represent further variables and can be implemented * ¢, object oriented designACM SIGPLAN Notices

for individual nodes. _ 26(11):197-211, November 1991.

Figure 5(b) shows how nesting can be represented eas-
ily and effectively in 3D by separating the levels. The [5] S.R. Chidamber and C.F. Kemerer. A metrics suite
user can freely navigate between the layers to explore de-  for object oriented design.IEEE Transactions on
tails of the structure from the perspectives of individual Software Engineerin®0(6):476—-493, June 1994.
nodes. The regions from where the nested node contents
have been raised are transparent so the “flat” tree map may®] N:I. Churcher and M.J. Shepperd. Towards a con-
readily be recovered by simply rotating the nested version ~ ceptual framework for oo software metricsACM
(or, equivalently, viewing it from above or below). Vari- SIGSOFT Software Engineering Nqt@§(2):69-75,
ations include using the distance between slabs to indi- April 1995.
cate edge weightings and lateral displacements to represerttn S. D. Conte, H. E. Dunsmore, and V. Y. SheBoft-

O‘hef properties. ware Engineering Metrics and ModelsBenjamin
Figure 5(c) shows a “compound” tree map where the Cummings, 1986

conventional tree structure is also included. This view
is useful for emphasising the relationship between the[8] P. Eades and K. Zhang, editorSoftware Visualisa-
weighted tree map and the original structure. However,  tion, volume 7 ofSeries on Software Engineering and

this combination is particularly useful for situations where Knowledge Engineering/Norld Scientific, 1996.
a tree map is appropriate at lower levels and would be too
Comp|ex for the whole of a |arge tree. [9] R.A. Earnshaw, M.A. Gigante, and H. Jones, editors.

Virtual Reality SystemsAcademic Press, 1993.

5 Conclusions and further work .
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(a) Simple VRML tree map

(b) Nested VRML tree map

(c) Compound labelled tree map

Figure 5: Variations on tree maps (based on an example from [17]) implemented in VRML
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