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ABSTRACT

Software systems, by their very nature, are complex ab-
stractions of the physical world. Due to this complexity,
it is often extremely dicult for developersto fully compre-
hend the systemthey are working on, particularly when they
were not involved in designingit. However, this comprehen-
sion is critical; over a system's lifespan, more time is spent
maintaining it than in any other phase. We intro duce the
Prawn tool, which usesa variety of information visualization
techniques to allow developers to seehow their code inter-
acts with the rest of the system. We believe Prawn reduces
the time and e ort required to make a changeto a system,
and increasesdeveloper's con dence in their changes.

1. INTRODUCTION

Box and arrow diagrams are a key tool in any software de-
signer's toolkit. Nearly any system documentation will con-
tain class diagrams of the system or parts of the system,
whether in UML?® or in another notation. These diagrams
are much easierto understand than a textual description of
the classes,and they can convey a lot of information in a
standardized way.

When a developer joins a software project, the project is
often relatively mature, and the developer's role is to help
maintain or extend the code base to meet the customer's
needs. As a result, the developer must learn about the sys-
tem quickly, often on the y, such aswhen he or sheis asked
to make a change. The primary source of support for the
developer may not be the system designers or developers
with expert knowledge of the system, but design diagrams
and other documerntation. The architects of the system may
have left the company, and with the size and complexity of
software systems, it is unlikely that any one person would
understand every facet of the system.

Unfortunately , design documentation has its shortcomings.
It may be incomplete becauseit was not maintained after
the initial releaseof the system. The documentation may
contain incorrect details, or the implementation may vio-
late aspects of the design, either through error or due to is-
suesthat aroseduring implementation, such as performance
problems. Even if the documentation is correct and up-to-
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date, it is likely to be quite voluminous for any non-trivial
system.

To make a change, developers typically need detailed infor-
mation about specic parts of the system, and a high-level
understanding of how these parts interact with one another
and the rest of the system. Although design documentation,
even with its shortcomings, would be valuable, a useful tool
for the developer would be an interactiv e application that
preserts the design of the system, basedon the actual imple-
mentation. The interactiv e nature of the application would
allow ead developer to focus on the areas of interest to
them.

An interactiv e system would also be useful for developers
who are considered experts in the system. With the size of
modern software systems, diagrams help expert developers
reason about the system, and can assistthem in explaining
the implementation to new developers. Using an interactiv e
system, the expert developer again would not have to at-
tempt to nd the correct design diagram, but instead could
manipulate the view to suit his or her needs. An expert de-
veloper could also use this system to evaluate whether the
implementation of a system conforms to its design, and to
determine the feasibility of making changesto the system.

Software visualization is an active area of researd. There
are two broad categoriesof visualization: dynamic and static.
Dynamic visualization allows a developer to seethe behavior
of a system over time, given a certain set of inputs. It may
or may not reveal details about the system structure, but is
useful for tasks such as performance tuning, or debugging.

Static visualization preserts the structure of the systembased
on an analysis of its source code. The main problem has
been enabling an approach to scaleto large systems. Two

static visualization tools are the Rigi tool [7] and the Sim-

ple Hierarchical Multi-P erspective (SHriMP) tool [13]. Rigi

provides a semi-automated processto reverseengineera sys-
tem's design from its source code. SHriMP builds on this,

providing an alternate means of visualizing large data sets
(such as software structure) using a zoomable user-interface

and multiple views.

We were motiv ated to examine this areafor seweral reasons.
One of the authors hoped to use a software visualization
tool to seewhether the implementation of a software system



conformed to its design. We were not satis ed with the ones
we tried; either the tool did not contain the functionalit y we
desired, or it was too dicult to use. At the same time,
we felt that with recert advancesin software source analysis
tools?, and zoomable user interface toolkits *4, it would be
possibleto concertrate on the visualization aspectsof atool,
rather than having to build the infrastructure ourselves.

In this paper, we describe the Prawn tool. It is a static
visualization tool designedto assist a developer in under-
standing the structure of a Java system. Although it would
be most useful to a developer who has domain knowledge of
the system being analyzed, it could also help a developer ex-
plore an unfamiliar system. Usability and utilit y were high
priorities in creating Prawn; we felt that a developer should
be able to usethe tool with minimal e ort and training.

The rest of this paper is as follows: In Section 2, we de-
scribe the key features of Prawn. Following this, in Sec-
tion 3 we presert three sample scenariosthat illustrate how
Prawn could be used. Section 4 describes the related work
in this area, with a particular comparison to the SHriMP
tool. Section 5 preserts an evaluation of the strengths and
weaknessesf Prawn, while Section 6 preserts future work
which would increasethe utilit y of the Prawn system. The
nal section concludes.

2. PRAWN

Prawn allows a developer to view the structure of any Java
system easily The developer only needsto specify as a
command-line argument the name of a JAR le contain-
ing the classescomposing the system. Prawn analyzes the
system and displays the windows shown in Figure 1.

The view preserted to the developer mimics the appearance
of a UML classdiagram with a node and arc graph. This was
doneto help reducethe learning curve assaiated with using
the tool, and thus increasethe chancesthat actual develop-
ers would use it. Nodes represert package, abstract class,
class, or interface constructs in the system. Arcs represert
calls between constructs, and an estimate of the number of
calls made between constructs is provided®. Many informa-
tion visualization techniques were usedto ensure that the
visualization would be as useful as possible.

2.1 Colour

A developer can easily distinguish betweenthe di eren t kinds
of nodes by their colour: packagesare blue, abstract classes
are dark red, classesare light red, and interfaces are yellow.

To reinforce the notion of packagescontaining subpadages,
package nodes are semi-transparent so that packages that

are sewral levels deep in the structure of the system are
coloured a darker hue of blue. Colour is also usedto distin-

guish betweendi eren t typesof arcs.

By default, arcs are shown in a muted blue colour so that
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5Since Prawn usesstatic analysis of code, it is impossibleto
determine the exact number of calls. Method calls may be
polymorphic, or may be made basedon information that is
provided at run-time

they do not overwhelm the display. Arcs that passthrough
packages are visible due to the package transparency, but
arcs that passthrough classesare not. When a developer
moves the pointer over a node, all of its arcs are displayed
and highlighted, regardlessof any other settings that may
have been set. Incoming calls are shown in purple, outgo-
ing calls are shown in blue, and structural calls (calls to a
superclass,or an interface that's implemented, for example)
are shown in green.

Although the way colour is used in Prawn does not take
advantage of the fact that it can be perceived preattentiv ely,
we believe that a developer would primarily be interested
in systematically examining the visualization, rather than
looking for things to pop-out.
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Figure 1: Prawn Canvas and Command Windo w

2.2 Aggregation

Any non-trivial Java system is composed of hundreds or
thousands of classesorganizedinto a packagehierarchy. How-
ever, a developer is usually only interested in a subset of
these classes.Within this subset, it is likely that the devel-
oper is especially concernedwith a small number of classes;
he or she needsto understand the rest at a high level.
Prawn supports this by aggregating data along the package
hierarchy, then allowing the developer to arbitrarily view
parts of the system at di erent levels of detail.

The initial view that Prawn preserts is of the top-level pack-
agesin the system. We de ne this asthose packageslocated
at the point where the packagehierarchy in a system rst di-
verges. For example, if the packagesin a systeminclude ca,
ca.ubc, ca.ubc.foo , and ca.ubc.bar , the top-level pack-
ageswould be ca.ubc.foo and ca.ubc.bar . If the system
contains packagesthat dier immediately at the root level,
these packages(say, ca and org) would be shown.

The developer can then selecta packageto view in more de-
tail. The node represerting the packageis expandedin size
and its contents are displayed within it. When nodes are
expanded and nodes within nodes are expanded, this visu-
ally reinforcesthe nesting of classesand packageswithin the



package hierarchy. This is shown in Figure 3. All visualiza-
tion takesplace within a single window; a multiple-windo w
system would be dicult technically to keep synchronized,
and consumevaluable screenreal-estate.
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Figure 3: Prawn Canvas with Nested jEdit Packages

2.3 Navigation and Zooming

Once the developer has opened seweral packagesto examine
their contents, the nodesmay not t within the Prawn win-
dow. The developer can do one of three things:

Pan over the contents

Move nodes as neededso that the nodes of interest t
within a window. Arcs are automatically moved with
nodes.

Zoom in and out of the contents. This permits more
content to t within the window; text is scaledso that
it remains readable no matter how far out the devel-
oper zooms.

Panning and zooming are two separate operations in Prawn,
although they could have been combined, as shown in [6].
After experimenting with Jazz, a zoomable user-interface
toolkit that implements this metaphor, we decided against
using it, as we felt that developers would be able to grasp
the separate concepts, but would struggle with controlling
pan and zoom simultaneously.

Besidesthe zoom described, we also adopted a focus+context
metaphor based loosely on sh-eye views. Nodes that are
expanded occupy more screenreal-estate than those that are
not, although we did not have time to implement an algo-
rithm to reclaim space when nodes are collapsed. Rather
than having a single sh-eye lens that a developer would
move over the visualization, we felt that developers would
want to view multiple aspects of the systemin varying levels
of detail, simultaneously. This could be useful when a devel-
oper is trying to seethe interaction betweentwo particular
classesthat are in dierent packages,as shown in Figure 5.

2.4 Spatial Layout

The organization of nodes in the graph greatly aects its
usability. Although a developer could use the functionalit y
provided to organize nodes as he or she wished, it is time
consuming to do so. As a result, in Prawn we used three
dierent approachesto lay out nodesin a manner that we
felt would be useful.

At rst, we employed the straightforward strategy of laying
out the nodesin a grid. Later, we noted that the number of
times arcs passedthrough nodesenroute to their destination
node would be greatly reduced if nodes were laid out in a
radial manner. At the sametime, we wanted to have closely
related nodes placed close to one another: a class should
be placed close to its superclass, a class should be placed
close to the interfaces it implements, and subclassesof a
common superclass should be placed together. Moreover,
the appearanceshould be similar to that of a UML diagram.

We decided to use eat of these methods where appropri-
ate. When laying out top-level package nodes, we employed
the radial method. For inheritance and interface implemen-
tation hierarchies, we used the strategy of placing closely-
related nodes together; this came to be known as the tree
layout. Other nodeswere laid out using the grid method.
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Figure 4: Occlusion Av oidance Algorithm

When a package is expanded to view its contents, nearby
nodesoften are occluded by the expanded package. A strat-
egy was devised whereby occluded nodeswere moved to the
same location relative to the expanded node as before the
node had been expanded. This is diagrammed in Figure 4.
At rst, two packages,A and B, are shown. Then packageB
is expanded; its new sizeis large enoughthat it will occlude
package A. The new position of A is calculated by rst de-
termining the length of the line from the center of B through



Figure 2: Prawn Canvas with Three jEdit Packages Open

the center of A to the edgeof A. Originally , package A was
moved by this amount, but to improve the appearanceof the
layout, this was changedto a percertage of the line length.

Another consequenceof expanding a package is that the
parent node often will not be large enough to contain the
newly expanded package. When this happens, Prawn resizes
nodes as necessary from the parent node up to the top-level
nodes.

2.5 ArcManagement

Even with the varying level of detail and layout techniques
discussed,the number of arcs shown in a graph quickly be-
comesunmanageable. As in the caseof classes,a developer
is typically only interested in a small subset of the calls
made.

Prawn provides a number of techniques to help developers
nd arcs of interest and hide those that are not. These
techniqueswork at di eren t levelsof granularit y; someapply
to the entire graph, while others only apply to a single node.

If the developer is interested in looking at classesthat re-
ceive a large number of calls, he or she can identify these by
specifying a value for an Arc Width. If an Arc Width of 50
is speci ed, an arc representing 1 to 49 calls will be a pixel
wide, an arc represerting 50 to 99 calls will be two pixels
wide, and soon. Arcs can beup to four pixels wide. Another
option for the developer would be to set an Arc Threshold
This is a value that de nes the cuto point for displaying
arcs; if the arc represerts fewer calls than the value, than it
is only displayed when the developer movesthe pointer over
the node. Structural calls are not subject to this threshold.

At a ner-grained level, Prawn allows a developer to display

or hide the arcs from a package, class, or interface to other

nodes. One application of this would be to ignore classes
that are used for debugging purp osesonly. While a devel-

oper is pointing at a given node, he or she can choose to

keep incoming, outgoing, or structural calls highlighted af-

ter the pointer has beenmoved o. This would be useful

when focusing on a given class. Figure 5 shows a view of

Prawn with some of the arcs hidden.



Figure 5: Prawn Canvas of jEdit with Many Arcs Elided

2.6 Implementation

Prawn was implemented using Java 2 and consists of sev-
eral modules. The engine for analyzing Java classeswas
taken from the FEAT tool® written by Martin Robillard,
a member of the Software Practices Lab at the Univ ersity
of British Columbia’. FEAT in turn usesthe open-source
JikesBT toolkit created by IBM for analyzing Java byte-
code. A user interface module queries this engine to create
an object represertation of the nodes and arcs in the vi-
sualization. The actual visualization of the graph usesan
open-sourceJava 2 zoomable Ul toolkit called ZVTM.

Prawn is designed to be as extensible as possible, while
maintaining the scope of visualizing software systems. It
is designed so that a dierent Java analysis engine could
be usedinstead of FEAT with minimal changesto the user
interface module. As well, improved layout managers can
be added by implementing an interface and indicating when
the new manager should be used.

Shttp://www.cs.ubc.ca/ mrobilla/fe  at/
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Approximately 19 000 lines of commented Java code were
written to create Prawn; approximately 8500lines wereslightly
modi ed FEAT code. An issuethat aroseearly in develop-
ment was that FEAT would only return accurate results if
a particular Java rt.jar was used - speci cally, the version
1.4.101 JAR from one of the author's personal computer.
Using earlier or newer versions of the JAR, or even down-
loading and installing a clean copy of the Java 1.4.1.01 JRE
did not work. We suspect that the problem lies with the
JikesBT toolkit, as it was originally designed to analyze
Java 1.1.8 and Java 1.2.2 classes,but we were unable to
verify this.

3. SAMPLE SCENARIOS

While Prawn is not suitable for all software evolution tasks,
we presert three scenarios where we feel that it would be
useful.

3.1 Discovering DesignViolations
One of the authors has worked on a medium-sized system
that provides tools for Undergraduate Advisors in the De-



partment of Computer Science. The CSSIS system consists
of approximately 34 000 lines of code across150 classes,and
is subdivided into seweral modules. There are two major
modules, one for advising and one for reporting. The au-
thor had designedthe modules such that they would rely on
common shared modules, but should not interact directly
with one another. Prawn was used to test whether the im-
plementation re ected this.

At the top-level, Prawn shows a ca.ubc.cs package. Ex-
panding this package shows two packages: cssis and sis .
Expanding the cssis package shows its 12 children, a mix-
ture of packages,classes,and interfaces. Among the pack-
agesare the advising and reporting packages,which rep-
resert the advising and reporting modules.

Placing the pointer over the advising package,it was clear
that there indeed were calls between the advising pack-
age and the reporting package in both directions. After
expanding ead of these nodes, the number of arcs shown
on the screen became prohibitiv e. We chose to focus on
calls from classesin the advising packageto classesin the
reporting package,sowe hid all calls from packagesbesides
these packages, then highlighted the incoming calls to the
classesin the reporting package. This allowed us to easily
identify the classesthat would have to be examined.

This task could be accomplished using the UNIX grep® tool
to seard for imported classesfrom the reporting package.
However, it would have beenmore dicult to accomplish:

It would bedicult to ensureall callsto the reporting

package were captured without introducing false pos-
itiv es, such as a comment containing the word \re-
porting." This is particularly true in object-oriented
systemsasgrep cannot compensatefor polymorphism.

The number of calls made from one classto another
would be dicult to ascertain, soit would be di cult
to prioritize which classesto focus on rst

It would bedicult to seewhether there are any pat-
terns in the calls. For example, if calls were being
made from a classand its subclassesto another class,
this might not be apparent.

3.2 Refactoring a Class

Prawn can also be useful when refactoring a class or set
of classes. Refactoring may be necessaryto introduce ad-
ditional functionalit y, to improve the performance of some
aspect of the system, or to change the design so that it is
more extensible.

In the CSSISsystem, one of the key modulesis a user pack-
agethat contains the functionalit y for di eren t kinds of users
of the system. Changing any of the classesin the user pack-
agewould a ect many classesin the rest of the system. Ex-
panding the nodes until the children of the cssis package
are shown, this becomesclear; four packagescall the user
package,including the reporting packageand especially the
advising package.

8http://www.gnu.org/software/gr ep/gr ep.html

Given the large number of calls betweenthe advising pack-
ageand the user package, more investigation would be needed.
This would especially be the casesincethe part of the advis-
ing module usesJava Servlet pages,and other part is part of
a Java application. Both parts rely on a layer of the module
that readsand writes information to a database. Expanding
the advising package,the developer can seethat the distri-
bution of calls from eac of these parts to the user package
is roughly equal. Hence, the developer will needto spend
time with ead of the developers responsible for these parts
to determine how the e ort of the changesthat are planned.

With Prawn it is possibleto quickly ascertain the dicult y
of making a particular changeto a system. Estimating the
dicult y of making a change and the time required to do is
not atrivial task. Evenwith domain knowledge of a system,
having an interactiv e tool like Prawn allows a developer to
make predictions with greater con dence, since their analy-
sisis grounded in facts taken from the implementation.

3.3 Comprehensionand Extension

While the previous scenarios have relied on expert knowl-
edge of a system, Prawn can also be used by developers to
learn about the structure of a system and to gain insight
into how the system could be changed.

JHotDraw is a well-known drawing framework created by
Eric Gamma as a demonstration of how a well designed
system can take advantage of design patterns. It consists
of 90+ classesand over 20 000 lines of code. One of the
authors had basic knowledge of JHotDraw, but had never
examined the source code. Using Prawn, he attempted to
determine what changeswould be required to add a Koala
gure to JHotDraw's palette of gures.

After expanding the CH.ifa.draw node (see Figure 6), the
author noted the presenceof a figures package and ex-
panded it (see Figure 7). To reduce the number of calls
being displayed, he rst hid all the calls at the CH.ifa.draw

level, then hid calls within the figures packageaswell. He
then proceededto highlight the structural calls within the
figures package (seeFigure 8).

Next, the author noted that KoalaFigure would extend the

AttributeFigure  class. He then decidedto seewhat classes
within the figures packagecalled AttributeFigure  and its

subclasses.He accomplishedthis by moving the pointer over
eath of these nodes and highlighting all their calls. After

this, the author decided to group the non-Figure classes
according to whether or not they interacted with the Figure

hierarchy (see Figure 9). It was useful for the author to

zoom out so that more information could be displayed on
the screen.

Basedon this information, the author identi ed seweral classes
that call eadh Figure and thus would have to be modied
for the addition of the new gure. He also obsered that:

What would seemto be related classesdid not call
the Figure classesequally. For example, there were
seweral classesending in \Handle," but only some of
them made calls.



There were seweral classesending in \Connector," but
there was no superclass evident within the package.

betweenclasses( les) are not shown in the system. This al-
lows Seesoftto scaleto systemsgreater than 1IMLOC. The

Sincetheseclassesall had referencesto CH.ifa.draw.standard sgalability of this system is its greatest strength, although

one could surmise that their superclass would be lo-
cated there.

From here, the author could have continued to determine
what packagesare called by the Figure hierarchy, and what
packagescall the it. Although the author would not know
exactly what changeswould have to be made to add the
gure, Prawn provided an indication of where the changes
would likely be made.

4. RELATED WORK

Visualization has been used as a method to help under-
stand [9], debug [1], and maintain [2] complex software sys-
tems. Visualization tools may show dynamic (runtime) be-
havior or static (structural) data. Further information about
the software changeprocess(from information stored in CVS
or bug-tracking systems) can be visualized in order to de-
termine related aspects of the system [2]. Both high and
low-level aspects of the system can also be visualized.

Low-level visualizers try to examine every call that the sys-
tem makes and are often used to help locate performance
problems [11]. High-level visualizers often try to extract a
system's architecture and coarsestructure to allow develop-
ersto determine whether or not design contracts have been
broken. Visualization systemscan also help to identify the
presence,or absence,of system properties such as reusabil-
ity and maintainabilit y [9]. Graph-based visualizations can
be useful for identifying dependenciesbetween code arti-

facts [12] which can help developersto quickly identify pieces
of code which depend on one and other. This is particularly

important in polymorphic object-oriented environments.

Prawn takes a static, oine approach which limits it from
understanding how the program actually behaves at run-
time. As such, tools such asAVID ° and Jinsight*° are better
suited for identifying performance bottlenecks and system
hot spots. Prawn alsois not designedto be used as a visual
debugger. However, since dynamic information is not used,
the code doesnot needto be instrumented or otherwise al-
tered to collect trace data. Prawn only requires accessto a
JAR le containing a compiled represertation of the system
in question in order to visualize it.

Sugibib!! optimally draws UML diagrams from sourcecode.
While Prawn would have liked to usethis layout package as
alibrary for node placemert, the sourceof this systemis not
in the public domain. Sugibib modi es the Sugiyama [8]
layout model and augmerts it with changesthat adapt it to
be optimal for software systems. This tool alsodemonstrates
[4] that generalapproachescan be made more e ectiv e when
they are tailored specically for software visualization.

The Seesoft[2] systememploys a di eren t visualization tech-
nique to show how a system has evolved over time. Seesoft
shows individual lines of code as pixels on the screen. Links

®http://www.cs.ubc.ca/labs/spl/ proje cts/ avid. html
0 http:/ivww.alphaworks.ibm.com/  tech/ jins ight
1 http:/ivww.sugibib.de/english. html

details about the complex interactions in the system are lost
by this approach.

4.1 SHriMP

The SHriMP *2 tool from the University of Victoria was the
inspiration for Prawn. Our intention was not simply to re-
implement SHriMP, but to nd ways to improve on it.

SHriMP allows developers to navigate their source code via
a graph represertation within a sh-eyeview. It isanoine

viewer that allows the system to be navigated via the link-
agesbetween classes.Users also have the ability to link di-
rectly from the graph represenation to the sourcecode. The
primary display mechanism of SHriMP is a nested graph.
This approach lends itself particularly well to visualizing
software, as often elemerts are nested inside one other.

SHriMP provides three layout algorithms, two of which are
provided by Prawn. However, the SHriMP layout system
can employ only one layout at a time. Prawn provides ra-
dial layouts, tree layouts, and grid layouts at times when
eah seemsmost appropriate to best presert the nodes be-
ing drawn, aswell as make the most e ectiv e useof available
screenspace.

The sheye view employed by the SHriMP project is more
developedthan the Prawn zooming model. Both Prawn and
SHriMP allow a developer to select and enlarge any node
while maintaining the context in which it is placed. How-
ever, SHriMP accomplishesthis without having to resizethe
ancestor nodes;the siblings of the node are resizedto accom-
modate its new size. In Prawn, ancestors are resized if the
new size of the node is su cien tly large. As a result, nodes
are moved o -screen as the graph is navigated to deeper
levels. Neither tool allows a developer to arbitrarily resizea
node, which would greatly increase usability.

Both SHriMP and Prawn have arc ltering capabilities,
and both usecolour to distinguish betweendi eren t kinds of
arcs. However, Prawn givesthe developer more exibilit y in
showing and displaying arcs, with its Arc Threshold setting,
Arc Width setting, and abilit y to arbitrarily show, highlight,
or hide arcsfrom a node. In SHriMP, arc Itering is applied
to the entire graph.

In practise, the authors found SHriMP di cult to use. View-
ing the CSSIS project required the sourcecode to be parsed
using third-part y tools, with the results then converted into
the Rigi Standard Format (RSF) that is used by SHriMP.
Loading the CSSIS RSF in SHriMP took approximately 3
times longer than loading a JAR of the CSSISclass les in
Prawn, and used4 times as much memory. The authors also
were unable to get SHriMP to display CSSISin a structured
manner; the view preserted showed all packages,classes,in-
terfaces and methods in a single graph, rather in the hier-
archy the authors expected.

5. EVALUATION

2 http:/Ishrimp.cs.uvic.ca




The current implementation of Prawn has many strengths
and weaknesses. Seweral of these weaknessesare not due
to technical limitations, but time limitations that prevented
us from implementing them. Work items that are more sub-
stantial are discussedin the future work section of the paper.
The evaluation section takesthe form of a task-based anal-
ysis and discussion where Prawn's suitabilit y for eac task
will be discussed.

We have used our tool throughout its development and dur-
ing our scenario generation and we have determined that it
successfully scalesto visualize systems of jEdit 1* size with
reasonableresponsetimes. jEdit is an open-sourcetext edi-
tor written in Java. It is composedof 20 packagescontaining
644 classeswith approximately 23270 method calls between
the classes.It should alsobe noted that Prawn wasalso able
to load and visualize the Java Runtime Library , which con-
tains 314 packagesand 8216classes.although responsetimes
on an Athlon 750were on the order of minutes for expanding
a node. Nevertheless, we were able to use Prawn to accom-
plish a number of tasks which would have beencumbersome
with traditional techniques, and would not have been pos-
sible with other similar visualization packagesdue to the
scaling issue.

5.1 Prawn Strengths

We believe that Prawn has three core strengths: its ease
of creating a visualization, its ability to facilitate the ex-
ploration of a large system, and its ability to reduce the
complexity of a visualization of a system.

These strengths are contingent on providing the most rel-
evant information possible to the developer in a way that
is easyto understand and manipulate. The focus+context
technique usedby the tool allows developersto focus on the
nodes they are most interested in. The three layout algo-
rithms help to optimally place nodes so that determining
which nodesto investigate next can be inferred as easily as
possible. The Tree Layout in particular performs a cluster-
ing operation by grouping nodes based on the inheritance
relationships between them. These layouts are augmerted
by the colour and transparency elemerts of the nodeswhich
allow for easydelineation betweenthe dierent typesof ar-
tifacts on the screenand the relationships between them.
The interaction model allows for simple navigation of the
nodes, as well nesting levels within nodes.

5.1.1 Creatingan Initial Visualization

The overhead required to start Prawn and navigate the
source code is minimal. All that needsto be done is for
a JAR of the program's byte code to be provided on the
command line. Immediately, the Prawn canvas loads along
with a simple command referenceand control panel. With
this low overhead, systems can be quickly visualized at any
stage of developmert to provide updated information about
the system. For example, the authors used Prawn to visual-
ize itself during developmert and typically it took lessthan
30 secondsto create the JAR le, start the visualization
program, and start navigating on an Athlon 750.

5.1.2 Large SystenkExploration

B http:/iwww.jedit.org

Exploring large systems requires that developers can have
ne-grain control of the amount of information they are
seeing, as well as the ability to focus on the aspects of
the system they are interested in, while ignoring the rest.
Prawn facilitates both of these goals through its arc elision
features and its focus+context layout approach.

In the Comprehension and Extension scenario, the author

was rst able to elide all arcs except for the structural arcs
within the figure packageto gain insight into the key nodes
in the package. While the author examinedthe figure pack-

agein detail, other packageswere not shown in detail sothat

they were not a distraction. Later on, the author could have
expanded packagesas necessaryto understand how classes
in the figure package interacted with them.

Another example of this is the Java Runtime Library . This
large collection of classesss certainly cumbersometo explore
by traditional techniques. However, if a developer were to
take an interest in only the java.utii  package they could
focus only on that package and ignore the majority of the
classesin the runtime. Also, they could focus only on how
the nodes were placed to seehow they are related to one
another. In the caseof java.utii  Prawn clusters the nodes
into 6 primary groups (Collection, SortedSet, Iterator, Map,
Map$Entry, and RandomAccess). This clustering can be
seenin gure 10. From this grouping, it can be seenthat
the Collection, Iterator, and Map clusters are the largest,
and as such could be consideredthe most important, nodes
with which to begin any code examination task.

Figure 10: Part of the java.uti  package

While experienced developers usually do not need to ex-
plore a system in general, often novice developers require
extra support, especially when learning how to use com-
plex frameworks [3] [5]. This is becauseframeworks often
lack adequate documentation to help new developers learn
how to usethem. However, when usersare developing code
within a framework, their simple systems are suddenly a



small part of a large one which is much harder to under-
stand. Using Prawn, these novice developers can seetheir
systemin full detail, while showing only major interconnec-
tions to the framework, which can allow the developer to see
how their work ts into the overall structure of the system.
This can help the developer to understand the implications
of code they are writing, as well as quickly look at more
detail inside the framework itself if greater detail is needed.

5.1.3 ReducingCompleity

One of the primary problems with graph represenations is
that they quickly becomecluttered and do not scalewell [9].
Prawn separatesthe task of reducing the complexity of the
nodesand the complexity of the arcsinto two di eren t prob-
lems. The layout algorithms take care of the placemert of
nodes. This includes clustering by inheritance hierarchies,
and using di eren t layouts basedupon the kind of nodesthat
are being visualized. However, the authors found that the
volume of arcs were the most problematic for large systems.
Therefore, three simple techniques were intro duced to make
the graph easierto understand. The arc threshold feature
allows arcs of lessthan a certain weight to be hidden. This is
particularly e ectiv e when a developer is trying to identify
the most important classesin the system, without clutter.
The arc widths feature can be used when it is important
to presene all available information while highlighting only
the most important arcs. The third technique allows devel-
opersto hide speci c classesof arcs. These classesare: All
Arcs, Incoming Arcs, Outgoing Arcs, and Structural
Arcs. These arc elision features can be chosen for whole
packages or just individual nodes depending on what the
cursor is over when the key is selected. Further, the mouse
can be hovered over any node in order to seethe full infor-
mation. This allows a clean high-level view while allowing
the low-level details to be quickly determined.

5.2 Prawn Weaknesses

The primary weaknessesof Prawn are directly related to
some of its primary strengths as well. As the authors de-
veloped the tool they implemented the elision and layout
medhanisms that exist in the tool. However, seweral exten-
sions are required to make these metaphors fully functional,
and to maximize their e ectiv eness.

The focus+context model could be dramatically improved
to place the context nodesin a more optimal manner. The
current algorithm pushesthem to the periphery and does
not consider any form of rank on these context nodes. The
clustering model could be aggregatedto arcs such that arcs
going to subclassescould instead go to a superclassor ab-
stract class. This could help reduce the arcs going to sub-
classes,aswell asreinforce the connectionsbetweendi eren t
class hierarchies. The visual encading scheme could be ex-
tended to include multiple glyph types which would help
to greater dieren tiate the dierent nodes as well as sup-
ply extra information about them (perhaps connectedness,
etc). Animated transitions could be usedto resizethe nodes
when nested structures are opened such that the new nodes
all t on the screenat once. Also, the text labels on the
nodes should be staggeredin someway so that they do not
occlude one another.

5.2.1 Layout

The layout, in particular, is a project unto itself. Simple
layout strategies were identied and implemented in the
project, but a great deal more work could be done in this
case. Prawn doesnot adequately layout any nodesthat are
not involved in inheritance hierarchies. Therefore, simple
utilit y classesare often grouped into a box layout at the
top of a package structure. As these classestend to be used
throughout the code these box structures are often di cult
to comprehend. Some form of weighted clustering / layout
should be used so classeswhich are used often are given
extra space so that it can be clear that they are impor-
tant. Conversely, nodeswhich are tightly coupled by lots of
calls betweenthem could be clustered together to gain more
of a function-based layout. Implementing advanced algo-
rithms, sucdh as those used by Sugibib could also increase
the e ectiv e use of spaceby the tool. Also, our algorithm
which keepsnodesfrom overlapping one another is a simple
matter of collision avoidance, and doesn't try to optimally
place these nodes. Prawn also makes no eort to reduce
edgecrossingswhich can unnecessarilycomplicate diagrams.
Further arc elision by identifying arcs which are not part of
structural or calling relationships and hiding them could also
help to reduce the number of edgeson the graph.

5.2.2 Artifact Manipulation

When navigating the system, often groups of nodes needto
be examined at once. Currently, nodes can only be selected
individually or by packages. Allowing custom node groups
to be selected and manipulated as one would certainly al-
low for custom layouts to be made more easily. Also, arcs
are not updated when nodes are in transition, only when
they are moved to new locations. This can make placing
a node optimally a trial and error operation. However, it
is unlikely that all arcs could be dynamically updated as
the node is dragged. A better solution would be to dy-
namically update as many arcs as possible, giving highest
priorit y to structural arcs and those with the most calls or
those that are highlighted. This general approach was used
in the H3 system [10]. Supporting text seardes, and classi-
cation seardes (selecting all interfaces for example) could
also help to select subsetsof nodes for group manipulation.

5.3 Lessond_earned
Over the course of this project, we learned seweral things:

Creating an e ectiv elayout algorithm for placing nodes
in a graph is a very dicult problem.

Choosing an e ectiv e colour scheme is dicult, once
the needsof people who are colour-blind are consid-
ered. Even once the colours have been set, it is easy
to overusecolour, resulting in a display that is highly
cluttered. This was apparent in drawing arcs; arcs
wereoriginally drawn in very dark colours, which made
it very dicult to read the visualization.

Making the visualization scalebeyond trivial examples
required us to investigate how we could convey more
information using a few properties, and how we could
hide unimp ortant information.

No matter how advancedthe information visualization
techniques are, if the tool requires a signi cant amount
of e ort to use,it will not be adopted in the real world.



Zoom is not the perfect solution for everything. Zoom-
ing out allows more information to be displayed, but
at the cost of increased clutter.

Tackling a problem that has seenl0 years of researt
in the Rigi and SHriMP projects in the spaceof one
month was slightly ambitious. But we did better. So
therel.

6. FUTURE WORK

Sewral work items remain which, if implemented, would
make Prawn a much more complete and e ectiv e tool. The
most important, and fundamental of theseis integration into
an IDE. This IDE integration would allow for even lessover-
head in visualizing systems. The integration would be a
two-way process. Developers browsing the sourcecould pull
up a pictorial represertation of the part of the system they
were currently looking at, as well as go from the nodes in
the graph drilling down into the source code. Advanced
querying can also help to reduce the amount of navigation
that is required in the system (for instance, nd all occur-
rencesof abstract classeswhich implement an interface and
are extended by these three sample applications).

Further improvemerts in the visualization could be realized
by only looking at subsets of the graph. Currently nodes
can be collapsed but are still presert. Visualizing only one
or two levels from any single node could help to make the
graph sizesmaller and limit the scope of navigation to nodes
known to be somehav related to the concern being cur-
rently analyzed. Navigation could be simplied by providing
an overview radar view, as well as making the links active
(clicking on a directed link will take you to the target of that
link).

Data ow information can alsobeintegrated into the tool to
seehow data is accessedhroughout the system. Currently
method data is maintained by the tool but is not used for
anything exceptfor calculating dependenciesbetweennodes.
Further development could allow for drilling into specic
methods in classesto focus only on the dependenciesof spe-
ci ¢ methods, instead of whole classes. This could also be
useful for determining ne-grain calls and called-by relation-
ships.

Prawn could also annotate the visualization with additional
information from CVS or a bug-tracking database, in addi-
tion to providing links into the source code from the visual-
ization. Tools such as Hipik at'® exist that actively provide
this information to a developer, although they have not been
usedin this particular context.

7. CONCLUSION

We have developed the Prawn program visualization tool.
This tool is a static, oine visualization system which is
targeted at developers who needto get a better overview of
how their system's componernts interact with one another.
By leveraging the graphical node-link metaphor the details
about how individual methods interact can be aggregated
to classes,packages, and interfaces to reduce the cognitive
load on the developer. The front-end was designedthrough

¥ We are being facetious, of course

5 http:/ivww.cs.ubc.callabs/spl/ proje cts/ hipik at.h tml

an iterativ e processwhich took advantage of many informa-
tion visualization techniques to reduce this cognitive load
and increasethe e ectiv enessof the tool. Through a simple
set of scenarioswe illustrated three simple tasks that Prawn
can be used for during the developmert life-cycle. We be-
lieve that with somefuture work, this tool can be made into
a low-overhead way to help developers quickly understand
complex software systems.
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Figure 6: Prawn Canvas



Figure 7: Prawn Canvas



Figure 8: Prawn Canvas



Figure 9: Prawn Canvas



