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ABSTRACT

Our visualisationof the IEEE InfoVis citation network is based
on 3D graphvisualisationtechniques. To make effective useof
thethird dimensionwe usea layeredapproach,constrainingnodes
to lie on parallelplanesdependingon parameterssuchasyearof
publicationor link degree. Within the parallel planesnodesare
arrangedusinga fast force-directedlayout method. A numberof
clustersrepresentingdifferentresearchareaswereidenti�ed using
a selforganisingmapapproach.

Keywords: infovis contest,graphvisualization,self organizing
map

1 OUTL I NE

Ourgeneralapproachis a fairly standardvisualisationpipeline.

1. Parsethedata�le andgeneratetheinternaldatastructures

2. Classifyof papersandauthors

3. Generategraphs,�ltering edgesandcolouringnodesaccord-
ing to classi�cations.

4. Find clearlayoutfor thegraph

5. Generatestill imagesandanimationsfor thegraph

Steps1–3areachievedusingcustomJava programs.Theresult
of step3 is a setof �les which canbeloadedinto theWilmaScope
(http://wilma.sourceforge.net ) graphvisualisationsystem.
A customlayout enginewascreatedfor WilmaScopewhich pro-
videdimprovedlayoutfor thescale-freenetworksthatwerecreated
by step2. The�nal imagesandanimationswerecreatedby loading
theWilmaScopegraph�les with thenode-positionsdeterminedin
step4, into a 3D modellingpackage.

2 CL ASSI FI CATI ON

The paper classi�cation method is basedon a spherical self-
organizing-map(SOM)[5]. Thevectordatausingto train theSOM
is calculatedbasedon thetermhistogram.Eachdocumentis trans-
formedto a vectorbasedon thefrequency of wordsin its title, ab-
stractandkeywords. We usea stemmerto changethe wordsinto
theirmorphologicalrootandweuseastopwordlist to eliminatethe
meaninglesswordssuchas“the”, “some”,etc. After that,themost
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Figure 1: Research Area Evolution

popularwords(“information”, “visualization”, “data” etc.) andthe
words that appearlessthan 5 times in total are eliminated. 827
wordsremainsothateachvectoris 827dimensional.Somepapers
arealsoremoved becausenoneof their words remainedafter the
abovepreprocessing.In orderto increasetheaccuracy, weweighted
eachword accordingto thetermfrequency / inversedocumentfre-
quency. Theclusteringis thendoneby a 42 neuronsphericalself-
organizingmap.

The following researchareaswere identi�ed basedon the �rst
method: “DatabaseQuery and Data Mining”, “SystemDesign”,
“Web Data”, “Interaction”, “Graph Drawing”, “Focus+ Context
Techniques”,“SoftwareVisualization”,“Hierarchy”, “Multidimen-
sionalDataAnalysis”, “Trees”,“Text andImageInformationRe-
trieval”

3 GRAPH DEFI NI T I ONS

In orderto investigatethedata-setfrom differentperspectives,sev-
eraldifferentgraphde�nitions wereused.A graphG = (V;E) con-
sistsof a set of nodesV and edgesE whereeachedgee = u;v
representsa relationshipbetweentwo nodesu;v 2 V.

3.1 Citation Network

Thecitationnetwork is themostdirectmappingof thesourcedata
to a graphstructureG. Eachnodev 2 V is a paper. We considered
two de�nitions for thesetV:

� all papersincluding papersfrom outsidethe IEEE InfoVis
proceedingssuchthatjVj = 1800

� only thosepapersfrom theIEEE InfoVis proceedings:jVj =
600



Figure 2: Citation network

ThegraphG is directedin thateachedgeis anorderedpair (u;v)
suchthatu citesv.

3.2 Co-Citation Network

Nodesareagainpapers.Edgesareunorderedpairse = u;v such
that u;v 2 V arepapersthat appeartogether(co-cited)in at least
oneotherpaper's list of citations.Eachedgee is assigneda weight
we accordingto the numberof papersin which u and v are co-
cited. jVj = 523 andjEj � 7000. jEj is easilyreducedto a more
manageablenumberby thresholdingon we.

3.3 Author Network

Nodesareauthorsof IEEE InfoVis papers.An edgee= u;v exists
if thereis at leastonepaperfor which u andv are both authors.
Theweightingwe is assignedbasedon the total numberof papers
coauthoredby u andv. jVj = 981andjEj > 10000. Again, in the
examplesE is �ltered basedon a thresholdon we.

3.4 Research Ar ea/ Author Network

A slightmodi�cation to theAuthornetwork involvedaddinganode
for eachof the11 researchareasidenti�ed above. Edgeswerethen
createdbetweeneachauthornodeandthe nodefor eachresearch
areain which thatauthorhadpublisheda paper.

3.5 Research Ar eaEvolution Network

Wecreatedagraph(network) of citationsbetweenresearchareasin
differentyears.That is, we createda graphG = (V;E) whereeach
nodeu 2 V representsall thepaperspublishedin a particularyear
in oneof theaboveresearchareasandeachdirectededge(u;v) 2 E
indicatesa citationin a paperu of a paperin v.

Before visualising this graphwe createdadditionaledgesbe-
tweenpairsof nodesrepresentingsequentialyearsin thesamere-
searcharea. Thusall nodesin eachresearchareaformeda chain
(“worm”), orderedby yearof publication.SeeFigure1.

4 GRAPH L AYOUT

Force-directedlayoutwaschosenfor its innateability to show clus-
tering andoutliers. In order to betterutilise the 3D visualisation

spacewe constrainednodesto lie on a seriesof parallelplanes,see
[4]. Variousassignmentsof nodesto planesweretried,for example:
in-degree(eg. numberof citations)or yearof publication.

In orderto layoutthelargegraphsin reasonabletimeaversionof
theFADE algorithm[7] wasimplemented,reducingthecomplexity
of theforce-directedalgorithmwith a spatialpartitioning.

We foundthat thecitationandauthornetworkswerescale-free,
with the degreeof connectednessof nodesfollowing a power law
suchthat a small numberof nodesparticipatedin the majority of
edges.WethereforecustomisedtheFADE algorithmin severaldif-
ferentwaysto bettershow thenetwork topology. The�rst variation
usesedgesthat repel insteadof attracting. No repulsive force is
used,insteada forceuniformly attractingall nodesto theorigin is
added.The resultis thathigh degreenodesarepushedto theout-
sidewherethey canbeseenmoreclearly. Thesecondvariationis a
moretypical FADE methodbut proceedsin severalstages.Firstly,
positionsarefound for the highestdegreenodes.Thesepositions
are then�x ed while lower degreenodesarepositioned. This ap-
proachis basedon anideafrom [1] but thethird dimensionis used
to bettershow thedegree-basedpartitioningof nodesby assigning
the differentclassesof nodesto different layers. Oneof our ren-
derings,with layersconstrainedto concentricsphericalshells, is
shown in Figure2.

We arrangedthe researchareaevolution graphby constraining
researchareanodesto layersde�ned by year. SeeFigure1.

5 GENERATI NG STI L L I M AGES AND ANI M ATI ONS

In order to renderthe �nal imagesandanimationsthe graphsar-
rangedby WilmaScopewereimportedinto 3DSMax usinganum-
berof customscripts.Theanimationswerecarefullyconstructedto
demonstrateeffective navigationthroughthegraphstructure— fo-
cusingon onenodethennavigatingto anotherfollowing a camera
paththatattemptsto preserve a viewer's mentalmapof thegraph.

6 RESULTS

Detailedresultsarediscussedin ourcompetitionreport.
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