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ABSTRACT

Our visualisationof the IEEE InfoVis citation network is based
on 3D graphvisualisationtechniques. To malke effective use of
thethird dimensionwe usea layeredapproachgonstraininghodes
to lie on parallelplanesdependingon parametersuchasyear of
publicationor link degree. Within the parallel planesnodesare
arrangedusing a fastforce-directedayout method. A numberof
clustersrepresentinglifferentresearcrareaswereidenti ed using
aselforganisingmapapproach.
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1 OUTLINE
Our generakpproachs afairly standardrisualisationpipeline.

1. Parsethedata le andgenerateheinternaldatastructures
2. Classifyof papersandauthors

3. Generatgraphs, Itering edgesandcolouringnodesaccord-
ing to classi cations.

4. Findclearlayoutfor thegraph

5. Generatsstill imagesandanimationgor thegraph

Stepsl-3areachiered usingcustomJava programs.Theresult
of step3 is asetof les which canbeloadedinto the WilmaScope
(http://wilma.sourceforge.net ) graphvisualisationsystem.
A customlayout enginewas createdfor WilmaScopewhich pro-
videdimprovedlayoutfor thescale-freeetworksthatwerecreated
by step2. The nal imagesandanimationsverecreateddy loading
the WilmaScopegraph les with the node-positionsleterminedn
step4, into a 3D modellingpackage.

2 CLASSIFICATION

The paper classi cation method is basedon a spherical self-
organizing-magSOM) [5]. Thevectordatausingto trainthe SOM
is calculatecdbasedn thetermhistogram Eachdocuments trans-
formedto a vectorbasedon the frequeng of wordsin its title, ab-
stractandkeywords. We usea stemmerto changethe wordsinto
theirmorphologicatootandwe usea stopwordlist to eliminatethe
meaninglessvordssuchas“the”, “some”, etc. After that,the most
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Figure 1: Reseach Area Evolution

popularwords(“information”, “visualization”, “data” etc.) andthe

words that appearlessthan 5 timesin total are eliminated. 827

wordsremainsothateachvectoris 827 dimensional Somepapers
are alsoremoved becausenoneof their words remainedafter the

above preprocessingn orderto increaseheaccurag, weweighted
eachword accordingto thetermfrequeny / inversedocumenfre-

queng. Theclusteringis thendoneby a 42 neuronsphericalself-

organizingmap.

The following researchareaswereidenti ed basedon the rst
method: “DatabaseQuery and Data Mining”, “SystemDesign”,
“Web Data”, “Interaction”, “Graph Drawing”, “Focus+ Context
Techniques™SoftwareVisualization”,"Hierarchy”, “Multidimen-
sionalDataAnalysis”, “Trees”,“Text andImagelnformation Re-
trieval”

3 GRAPH DEFINITIONS

In orderto investigatehe data-sefrom differentperspecties,sev-
eraldifferentgraphde nitions wereused.A graphG = (V; E) con-
sistsof a setof nodesV and edgesE whereeachedgee = u;v
represents relationshipbetweertwo nodesu;v2 V.

3.1 Citation Network

The citation network is the mostdirectmappingof the sourcedata
to agraphstructureG. Eachnodev 2 V is a paper We considered
two de nitions for thesetV:

all papersincluding papersfrom outsidethe IEEE InfoVis
proceedingsuchthatjVj = 1800

only thosepaperdrom the IEEE InfoVis proceedingsjVj =
600



Figure 2: Citation network

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

3.2 Co-Citation Network

Nodesare againpapers. Edgesare unorderedoairse = u;v such
thatu;v 2 V are papersthat appeartogether(co-cited)in at least
oneotherpapers list of citations.Eachedgee is assignedweight
we accordingto the numberof papersin which u andv are co-
cited. jVj = 523andjEj  7000. jEj is easilyreducedto a more
manageablaeumberby thresholdingon we.

3.3 Author Network

Nodesareauthorsof IEEE InfoVis papers.An edgee = u;V exists
if thereis at leastone paperfor which u andv are both authors.
Theweightingwe is assignedasedon the total numberof papers
coauthoredy u andv. jVj= 981andjEj > 10000.Again, in the
examplest is Itered basedon athresholdon we.

3.4 Reseach Area/ Author Network

A slightmodi cation to the Author network involvedaddinganode
for eachof the 11 researctareasdenti ed above. Edgeswerethen
createdbetweeneachauthornodeandthe nodefor eachresearch
areain whichthatauthorhadpublisheda paper

3.5 Reseach AreaEvolution Network

We createdh graph(network) of citationsbetweerresearctareasn
differentyears.Thatis, we createda graphG = (V;E) whereeach
nodeu 2 V representsll the paperspublishedin a particularyear
in oneof theabove researclareasandeachdirectededge(u;v) 2 E
indicatesa citationin apaperu of apaperin v.

Before visualisingthis graphwe createdadditional edgesbe-
tweenpairsof nodesrepresentingequentialyearsin the samere-
searcharea. Thusall nodesin eachresearchareaformeda chain
(“worm”), orderedby yearof publication.SeeFigurel.

4 GRAPH LAYoOUuT

Force-directedayoutwaschoserfor its innateability to shav clus-
tering and outliers. In orderto betterutilise the 3D visualisation

spacewe constrainedodesto lie on a seriesof parallelplanes see
[4]. Variousassignmentef nodego planesveretried, for example:
in-degree(eg. numberof citations)or yearof publication.

In orderto layoutthelargegraphsn reasonabléme aversionof
theFADE algorithm[7] wasimplementedreducingthecompleity
of theforce-directedalgorithmwith a spatialpartitioning.

We foundthatthe citation andauthornetworks werescale-free,
with the degreeof connectednessf nodesfollowing a power law
suchthat a small numberof nodesparticipatedin the majority of
edgesWe thereforecustomisedhe FADE algorithmin severaldif-
ferentwaysto bettershav thenetwork topology The rst variation
usesedgesthat repelinsteadof attracting. No repulsve force is
used,insteada force uniformly attractingall nodesto the origin is
added.Theresultis thathigh degreenodesare pushedo the out-
sidewherethey canbe seermoreclearly Thesecondvariationis a
moretypical FADE methodbut proceedsn several stages Firstly,
positionsarefound for the highestdegreenodes. Thesepositions
arethen x ed while lower degreenodesare positioned. This ap-
proachis basedon anideafrom [1] but thethird dimensionis used
to bettershav the degree-basegartitioningof nodesby assigning
the differentclassesf nodesto differentlayers. One of our ren-
derings,with layersconstrainedo concentricsphericalshells, is
shavn in Figure?2.

We arrangedhe researchareaevolution graphby constraining
researclareanodesto layersde ned by year SeeFigurel.

5 GENERATING STILL IMAGESAND ANIMATIONS

In orderto renderthe nal imagesandanimationsthe graphsar
rangedby WilmaScopewereimportedinto 3DS Max usinganum-
berof customscripts.Theanimationsverecarefullyconstructedo
demonstrateffective navigationthroughthe graphstructure— fo-
cusingon onenodethennavigating to anotherfollowing a camera
paththatattemptgo presere aviewer's mentalmapof thegraph.

6 RESULTS

Detailedresultsarediscussedn our competitionreport.
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