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Abstract

It is becoming increasingly important that support is
provided for users who are dealing with complex
information spaces. The need is driven by the growing
number of domains where there is a requirement for users
to understand, navigate and manipulate large sets of
computer based data; by the increasing size and
complexity of this information and by the pressures to use
this information efficiently. The paradigmatic example is
the World Wide Web, but other domains include software
systems, information systems and concurrent engineering.

One approach to providing this support is to provide
sophisticated visualisation tools which will lead the users
to form an intuitive understanding of the structure and
behaviour of their domain and which will provide
mechanisms which allow them to manipulate objects within
their system.

This paper describes such a tool and a number of
visualisation techniques that it implements.

1 Introduction

People are increasingly faced with the problem of
filtering and interpreting enormous quantities of
information. From this massof datathey needto extract
knowledge which will allow them to make informed
decisionsThey needto organiseandinterpretthe massof
detail in orderthat the information and knowledgethat is
required to support their tasks is accessible to them.

Although this is not a new problem, the rapid and
accelerating increase in the quantity of information
availableand a growing needfor more highly optimised
solutions have both addedto the pressureto make good
and effective useof this information. There hasalso been
an increasedrequirementfor direct accesgo information
by its end-userrather than indirect accessthrough third
parties (e.g. librarians or researchassistants)Similarly,

the increasein electronic accessmeansthat information
which would previously have beenimplicitly filtered out
throughthe high cost of identification and accesss now
available on the desk-top.

This paperreportson work which investigateghe use
of self organisingsystemsand virtual reality techniquego
provide an environmentwhich revealsthe structureof the
system being explored and provides for the navigation
throughthe systemand manipulationof the objects.The
system uses a KQML interface to communicate with
(possibly several) host systems.Examplesare presented
from applicationsof the visualisationtool to the World
Wide Web and to a program development environment.

2 Largeinformation spaces

2.1 Problem domains

The problemsof understandingnavigating through
and manipulating complex information spacesare now
beingfacedacrossa wide rangeof applicationareasandit
is becomingincreasinglyimportantto providetools which
provide sophisticated support to users in these tasks.

Software Engineeringis, in many respectsa classic
exampleof the domainswhere theseproblemsexist. The
systemsbeing constructedand manipulatedcan be very
large and complexand will often havea large numberof
engineersworking on them through their life. These
engineerswill needto constructand maintain an overall
understandingf the structure,constraintsand behaviour
of the systemwith which they are working as well as
having a very detailedknowledgeof at leastparts of that
system.They will needto look at the systemfrom several
different perspectives.For instance,they may need to
understandthe control flow, data flow, class structure,
profile information and so on. They wilsohavedifferent
information requirementslependingupon the task which
they are performing - e.g. whetherthey are constructing,



debuggingor maintainingthe system.A large numberof
tools are available which support Software Engineersin
someof their tasks(e.g.thereare browsers,animatorsand
so on), but thesegenerallywork at a relatively low level
and are poor in providing supportat the higher levels
where it is often most important.
ConcurrentEngineering,more generally,is an area
wherethereis widespreadsupportfor users at the low
level and yet where there is relatively little support for
engineersin building an overall understandingof their
systems.In thesedomainsthe overall complexity of the
problem has traditionally been addressedhrough rigid
compartmentalisatiorof the design and manufacturing
processes with each sub-task operating within
unnecessarilyconservativeconstraints.This can lead to
poor overall designs, since there is little chance for

opportunistic optimisations across sub-components.

Increasingly economicandotherfactorsarerequiringthat
much more highly optimiseddesignsshould be produced
andthisis leadingto manyof the sameproblemsthat have
been encountered within Software Engineering.

The World Wide Web (WWW) [1] is probably the
best exampleof an information spacewhere usersneed
support.The structureof the web hasevolvedratherthan
beendesignedandthe quantity of informationis both very
great and it is changing rapidly. Locating relevant
information can be very difficult and although thereare
tools, suchassearchengineswhich canhelp usersto find
information,the useris left without any overall picture of
the information space.This is a particular problemsince,
often, a searchwill fail to locate the actual information
requiredbut will locatepageswhich area small numberof
links away. A commorstrategyis to usea searchengineto
locatethe potentially useful areasof the web and then to
manuallysearchoutwardsfrom thesepoints. This manual
searchis often nearblind sincethe userhasvirtually no
informationto guidethem.Furthermorejn orderto try to
make the searchas efficient as possible the user will
frequently adopt a fairly complex strategywhich places
unreasonablememory requirementsupon them - for
instance,they will explorea branchand then backtrack,
intendingto resumethe searchfrom that point if they are
unsuccessfuklsewhereThis all leadsto searchesbeing
much less reliable and efficient that they should be.

2.2 Information visualisation

One approachto these problemsis to move more
responsibility away from the user towards the machine.
Routine taskscan be automatedentirely and frameworks
have been developedwhich can support the interaction
betweenthesetools and users.More sophisticatecagents
are also being developedwhich can locate, retrieve and

filter information basedupon the particular requirements
of their users.Thesetools canreducethe quantity of detail
that a userneedsto contendwith but, ultimately, the user
still needsto processinformation in order to form an
overall understandingof their system,if only to guide
agents more effectively.

A complementary approach to providesophisticated
visualisationtools which will presentinformation to the
userin a way in which the global, high-level structureis

apparent and yet the low-level detail is still accessible. This

will reduce the processing and memoeguirement®f the
user and allow them to operate more effectively and
efficiently. Somestriking examplesof the waysin which a
good visual representatiorcan unlock previously hidden
structureand yet not obscurethe detail are containedin
Tufte [7].

Robertsor{4] identifiesfour processeshat needto be
supported by appropriate visualisations:

» Sensemaking (building an overall understandingf the
information).

* Design.

» Decisionmaking (Building a decisionanda rationalefor
that decision).

» Responseasks (finding information to respondto a
query).

These processes usualiyposedifferentrequirements
on the visualisationsincethe information requirementsof
the different tasksvary and the mechanismsy which the
information is accessed are differelateally though,a user
should be able to work within one visualisationwhich is
rich enoughand sufficiently adaptablego supportwhatever
task the user is performing.

2.3 The Narcissus system

Most visualisation systems rely upon a two
dimensional representationand use a fixed layout
algorithm. The use of a 3-dimensional representation
throughwhich userscan navigateprovidesa much richer
visualisation. This is partly becauseof the increased
information density, but it is even more true when
additionalvirtual reality techniquesare employedto make
the visualisation more sophisticated.

Similarly, by giving the objects that make up the
information space behaviours that determine their
movementthrough (and hencetheir position in) the 3-
dimensional space (rather than using a global layout
algorithm) we can generatemuch more effective views
onto the objects and their inter-relationships.

The Narcissussystemusesthesetechniquesof self-
organising systems and virtual reality to generate
visualisationsthrough which the userscan navigateand
manipulate objects in the visualisation. The system s



implemented as a process which communicateswith
applications (e.g. web browsers and programming
environmentsusingKQML [3]. This providesa degreeof
applicationindependenceand also allows the systemto
work concurrently with several, possibly heterogeneous,
applications and also allovesllaborativeworking between
several users.

The results that have been produced confirm the
intuition that theseare powerful techniquesThe emergent
structure that can be revealedby the systemis often
remarkablelt is alsoclearthattherearea large numberof

issues that still need to be explored and we are adapting the

systemto experimentwith some potential techniquesfor
addressing these problems.

3 Organising Objects

Many approachesave beenusedto produceuseful
spatiallayoutof objects(for instance usinga globallayout
algorithm or applying statistical techniquesto produce
clustersof relatedobjects[6]). The approachthatwe have
adoptedis to give eachof the objectsin the information
spacea behaviourwhich determinesits movement(and
ultimately its position) in the 3-dimensionalspace. At
present the rules which determine the behaviour are
commonto all of the active objectsalthough,in the future,
we will modify this so that the rules can vary between
objectsand betweenclassesof objects.We also intend to
experimentwith agentsthat will wander through the
information space and modify tmelesandotherattributes
of the objects.

The current model is loosely basedupon physical
systemswith rules defining forces that act betweenthe
objects.Theseforces causethe objectsto move in space.
There are two classes of force:

» All objectsin the systemexerta repulsiveforce on
all of the other objects.

» Active relationships between objects lead to
attractive forces being exerted between related objects.

By runningthe model, objectsmigratethroughspace
so that they are spatial closeto thoseobjectswith which
they are semanticallyrelated. Normally, a steadystateis
reachedwithin a relatively small numberof stepsthrough
the model. Figure 1 shows the movement from a
completely disorganisedsystem towards one where the
structure is becoming apparent.

The emergenstructurecanbe striking andit appears
that a set of visual clichés will emerge.For instance,
Figure 2 showsa structurewhich is found quite often. In
this example (whicls from the applicationof Narcissudo
a programmingenvironment),the small objects inherit
from the two larger ones. The central objects inherit
multiply (e.g. from both of the large objects), while the

peripheral ones inherit singly. This overall structureesy
hard to interpret from the textual representatiorof the
programand yet becomesmmediatelyapparentfrom the
visualisation.

Figure 1: Moving from disorganised to
organised structure



Figure 2: The barrel structure

The usercandeterminewhich relationshipsare active
within the model and hencewhich relationshipswill be

responsible for generating attractive forces between objects.

The rules usedto determinethe forcesare still subjectto
experimentatiorand it seemslikely that therewill be no

single set of rules that are appropriate to all circumstances.

If the force is used to determine an object's
acceleration,then a stable state can still include some
motion with some clusters of objects pulsating whilst
others may include orbiting satellites and so on. This
motion can be a very valuable part of the visualisation
since this dynamic behaviour can be useful for the
recognitionof individual clustersof objectsand of similar
structures.However, for the large systemsat which this

work is aimed, the computational cost can be very high and

it cantake a long timeto reacha stable statewhen the
force determines the acceleration.

An alternative is to have the force determinethe
velocity of an object. This leadsto stablestatesin which
thereis no residualmotion and so the model can be run
until this quiescentstateis reachedand then turned off
whilst the user navigatesthrough and manipulatesthe
system. Whilst this is a more practicallution,it doeslose
someof the richnessof the first alternativeand we will
seekwaysto optimisethe systemin order to leave some
residual motion without incurring an unreasonable
performance penalty.

4 The visualisation
4.1 The basic model

Providing a 3 dimensionalvirtual reality through
which the user can move to explore and manipulate

informationis a potentially very powerful technique. The
Narcissussystemprovidesthe user with a window onto

their information spaceand allows the user to navigate
through this spaceand to selectand manipulateobjects.
The useris ableto control someaspectof the behaviour
of the objects andcanselectindividual objectsand classes
of objectswhich shouldbe visible. By default, the system
draws arcs to representthe active relationshipsin the
systemalthoughin somecasest is clearerwhenthe user
turnsthis off. Similarly, the systemcan label objectswith
their attributes(e.g.their URL) but this is often confusing
and can obscurethe structure. The user can either just
display theseattributesfor selectedobjectsor can set a
distance threshold beyond which they are not displayed.

Figure 3 showsthe representatiorof a collection of
web pages.In this example,representingseveralhundred
nodes,important structuralinformation becomesobvious.
For instance the structureat the right of the visualisation
is a collection of manualpagesand examples.The large
nodesare indexesinto the pages,the ball-like structure
represents the sef crossreferencednanualpagesandthe
structure below represents the examples.

Figure 3: Representation of complex web structure
4.2 Extensionsto the basic model

A numberof othertechniquesavebeendevelopedo
improve thevisualisationof the systemandthe recognition
of objectsor clustersor classef objects.Figure 4 shows
an examplewhere an icon has beenusedto render the
surfaceof an object (In this casea world map has been
usedto represent global object).In somecaseghis could
be a useful and practical approach.for instance,in web
browsing a user’s image could be used to render the
surfaceof their homepageor a renderedmageof a page
could be projected onto the object which representsit.
There are only pragmatic considerationswhich prevent
this from beingextendedo movies,animationsandsoon.
Empirical evaluationswill be requiredto determinejust



how useful thesetechniquesmight be. Other alternatives
includethe useof 3 dimensionalicons. Vion-Dury et al

[8] report work where they have used a function of an

object’'s nameto generatea distinct polyhedralshapefor

the object. This is potentially useful, particularly whenthe

namecarriessomesemantidanformationwhich might lead
to related objects having common physical features(In

their domainof programmingenvironmentsthis is often

the case).

Figure 4: Icon rendered onto surface of an
object

Figure 5 shows an example where the sydtasbeen
usedwith a programdevelopmenenvironmentand colour
hasbeenusedto overloadadditionalinformation onto the
visualisation.In this case, profile information has been
used to colour objects accordingto the frequency with
which they receivemessagesrThis is a potentially useful
techniquein otherdomains,suchasweb browsing,where
statisticalinformationandotherinformationis requiredas
well as basic structural information.
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Figure 5: Visualising profile information

Anothertechniquewith which we are experimenting
is to merge a cluster of individual objects into one

compoundobject. This agglomeratiomemovessomeof the
detail from the visual representatiorso that the overall
structureis more clearly visible. Thesecompoundobjects
are formed by placing a translucentsurface around the
clustersothatfrom a distanceit appearsasonedistinctive
object but, as it is approached,the internal structure
becomeamore apparentand the user can smoothly move
from a high-level view to one in which all the detail is
available.Figure 6 showssuch an agglomeration.These
agglomerationamight be given more than just a visual
reality - it may be that it is more effective to jump to
another spacehenthe agglomeratiors enteredor to give
the agglomeration some semantic significance which
might, for instance, affect their behaviours.

Figure 6: Clusters enclosed by translucent
surface

5 The Narcissus system

5.1 Implementation

The first implementatiorof the Narcissussystemwas
as a hard-wired visualisation for the SELF [5]
programming environment. Since then it has beenre-
implemented as an independent system which
communicateswith other applicationsusing KQML [3].
This implementationhas been applied to web browsing
and to program development. Narcissus itself is
independenbf the application(s)with which it is being
used,althoughwork is requiredto enablenew applications
to interact with the system.Figure 7 showsthe system
working with a modified version of xmosaicto provide
visualisation support for web browsing.
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Figure 7: Narcissus applied to Web browsing

The use of KQML is useful not just becauseit
providesapplicationindependenceMany of the domains
in which visualisation is most important involve
collaborationbetweermultiple usersand betweemnmultiple
applications. Visualisation support in these domains
should ideally integratethe work of these severalusers
acrossall of their applications.At presentthis has only
been validated across multiple instantiations of  the
modified xmosaic to provide a visualisationof concurrent
web browsing.

The system allows the user to manipulate various
parameter®f the visualisationand of the forcesactingon
the objects. The user is able to move through the 3
dimensionalepresentationf theworld in orderto change
their view andto selectobjects(e.g.web pages)which are
then manipulated using appropriategool (e.g.webpages
are displayedand can be manipulatedby a browser).An
implementationis also presentlybeing undertakenfor an
immersive VR system.

The performanceof the systemis dependentiponthe
size of the information spacebeing manipulatedput with
severalhundredobjectsit providesacceptablanteractive
performance.

5.2 Evaluations

A formal empirical evaluation is presently being
undertakento assessthe value of the visualisations
provided by the system. Informal tests sugdiest, for web
browsing, the visual representationgrovided and the
mechanismgor manipulatingthe objectsand visualisation
are useful.

6 Conclusions

The useof virtual reality and self organisingsystems
is a powerful techniquefor information visualisation.The
applicationsthat we have built do show that important,
high-level structure can become obvious using these
techniquesandthat the low-level detail is still seamlessly
accessible.lt is also clear that navigating through the
information spacecan be a relatively straightforwardand
natural task.

The approachappearsto scale reasonablywell to
systemswith many hundredsof nodesbut with larger
information spaceghe techniquesthat we are evaluating



for hiding low-level detail will become increasingly
important.

One of the benefitsof making abstractinformation
structuresmore concreteis that it providesthe userwith
the ability to recogniseobjectsby their relative positions
andby the distinctive shapeghat clustersof objectsform.
Again, the formation of agglomerationf objects(either
by forming surfacesaround them or through attaching
some iconic representationto them) will support this
recognition. One problem that occurs with dynamic
systems(that is systemswhere objects are being added,
removedor have their relationshipsmodified) is that a
small changecan causethe systemto re-organiseén a way
which may significantly affectthe visualisation. This may
not be a major problemin practiceand one virtue of the
approachis that the user can at least watch the re-
organisationtaking place(e.g.whena new URL is added
to the webvisualiser,the userseesit movinginto position
and any other consequentiathangestaking place). One
approachmay be to freeze the system after an initial
organisationand then to just allow local changesto the
structurewhen modificationsare made.The bestsolution
will needto be determinedempirically, but it is likely that
incorporating other cues to recognition will, in acasebe
valuable.

The behavioursof the objects are presently very
simple and the rules which determinethe behavioursare

globalto all objects.Extendingthis to provide a richer set
of behavioursandallowing theseto vary acrossthe objects
is part of our current work.
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