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ABSTRACT

We shaw the structureof the InfoVis publicationsdatasetusing
Tulip, a scalableopen-sourcevisualizationsystemfor graphsand
trees. Tulip supportsinteractve navigation and mary optionsfor
layout. Subgraphsf thefull datasetanbe creatednteractiely or
usingawide setof algorithmsbasedn graphtheoryandcombina-
torics, including several kinds of clustering.We foundthat convo-
lution clusteringandsmallworld clusteringwereparticularlyeffec-
tive at shawving the structureof the InfoVis publicationsdatasetas
wascoloringby the Strahlemetric.

1 INTRODUCTION

We usethe Tulip [2] systemto investigate the InfoVis 2004 con-
testdatasebf relationshipshetweenpublishedpapers. Tulip is a
highly scalableopen-sourceystenfor exploratoryvisualizationof
graphandtreethat offers an extensve setof algorithmsbasedin
combinatoricsWe usethefollowing Tulip featuressxtensvely:

interactve navigation,layoutandselection
subgraphierarcly navigation
extractingtheinducedsubgrapHor a selectionset

controlling color, renderingorder andlabel drawing priority
with the Strahlemetric[1]

convolution clustering[4]
smallworld clustering[3]
usinglightweightpluginsfor additionalcomputation

2 TuLIP CAPABILITIES

We createda large directedgraphfrom the XML le provided by
the contestorganizers. The graphedgesare oriented: thereis an
edge(Y,X) if papery is citedby paperX. All nodesandedgeshave
propertiesthat can be usedfor computation. Our original graph
containedll the propertiessuchasyearof publicationspeci edin
the XML le, andTulip cancomputemary othergraph-theoretic
propertiesfor examplethe arity of nodes(total numberof incom-
ing andoutgoingedges)r their rankingby several metrics. Tulip
is extensiblethroughits plug-in architecture and we wrote plug-
ins to do application-speci ccomputationsFor instanceto create
a graphcontainingonly authorsand conferenceswe creatednen
links betweerauthorsbasedn papercitationsandassigned cita-
tion countpropertyfor authornodesbasedon all their papers.We
also addedcoauthorshidinks, thendeletedthe papernodes. Al-
thoughwe experimentedwith creatingseparategraphsfor paper
coauthoringandpapercocitation,we foundthe combinedgraphof
both coauthorshimndcocitationto be muchmoreinformative.

We createdmary subgraphsf the entiredatasetisingthe built-
in capabilitiesof Tulip. The generalinteractionparadigmin Tulip
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is that the userloads a graph and then createsmary subgraphs
while interactingwith the graph. Thesesubgraphdorm a hierar
chy shavn in an auxilliary window, and internal storageof data
is handledef ciently using inheritanceso that only dataunique
to a subgraphusesmemory In contrastto simply ltering away
edgesandnodessothatthey arenotdravn, subgraphmanipulation
changeshecompl«ity of theunderlyingdatasetsothatalgorithms
intractablefor thefull datasetanberun onits subgraphs.

We caninteractiely selectsomesetof nodesand edgesusing
regularexpressiorsearcton astringpropertylik e authornamespr
anarithmeticoperatioron numericdatasuchasyearof publication.
We cansimply deletea selectedset,or carryoutmoresophisticated
graph-theoretioperationsuchas nding theinducedsubgraptor
reachablesubgraphfor that set. For instance we found induced
subgraphgo shawv the evolution of the graphover time, because
simply selectingall the paperdor a particularyearwould losethe
links to theirauthors.

We usethe Strahlemetricextensively. The Strahlemetrictakes
into accountheglobalbranchingstructureof thedataseasfollows.
For eachnodein the graph,we computethe branchingof the DFS
spanningdirectedagyclic graph(DAG) andthe numberof nested
cyclesinducedby edgeghatarenotin the spanningDAG. In con-
trast,a simplermeasuresuchasthe citation countis simply alocal
computatiorat eachnode. We canusethis metricto controlcolor,
labeldrawing priority, andprogressie renderingorder[1]. Theef-
fectsof the latteris not directly visible in the still images,but can
be seenin the accompaning video. We usea greedyalgorithmto
decidewhichlabelsto drav usingtheorderinggivenby the Strahler
metric of the nodes.Thevisualdensityof thelabelswasmanually
optimizedfor eachimageusingan interactve slider; we typically
usedmaximumdensity for small subgraphgout turneddown the
densitywhenshawing overviews of large componentsFinally, the
titles of all conferencesindsomepapersveremanuallyshortened
to make browsingeasier

In someof our exampleswe computea few simplermetricsfor
authornodes. Oneis “longevity”: the numberof yearsbetween
their rst publicationin this dataseaindtheir last. Anotheris “pro-
li cness”: thenumberof publications We alsousethe eccentricity
metric, which directly measuresvhethernodesare peripheralor
central. This metricis O(n3), sowe useit only after simplifying
thegraphvia clustering.

Convolutionclusterings anapproacho partitioningagraphthat
givesthe userinteractive controlover how mary clustersto create.
Tulip calculatesadensityfunctionbasednthechosermetric,dis-
playsa corvolution of its histogram,and partitionsthe graphac-
cordingto the humpsin the histogram. The userhasa slider that
controlsthe extentthatthe convolution kernelblursthe histogram;
thatis, whethertherearea small numberof wide low humps,or a
large numberof sharpethumps. Whenwe usethe Strahlermetric
for convolution clustering,we canquickly segmentthe dataseby
importanceandfocusour attentionon therelatively smallnumber
of nodeshathave high value.

Small world clusteringis a very different approachthat cre-
atesa a recursve subdvision of the datasetproviding a simpli-

ed overview thatshaws the graphs high-level structure[3]. This
approachusesheuristicdo extractnearcliques;thatis, nearlycom-
plete subgraphsvheremostnodesare connectedo eachotherby
edges. Thesenearcliquesare collapsedinto supernodesand we
canthencreatea quotientgraphwhereonly a singleedgeis dravn



Figure 1: Author-conferenceevolution over time. Left: In 1997, only
a few papers published at InfoVis cited each other. Right: By 2002,
most were connected through co-citations

betweenwo of thesehigherlevel supernode# ary exist between
thetwo nearcliques.We arguethatthis clusteringprovidesauseful
mentalmap of the graphbecausenceinsidea supernodegvery-

thing is “nearby”; thatis, thereare only a very small numberof

hopsbetweenary of the nodesit contains.We computethe small

world clusteringastrengthmetricthat nds thenumberof cyclesof

length3 and4 passinghrougheachedge,normalizedby the max-
imum possiblevalue. Moreover, we automaticallynd theoptimal

numberof clustersby computingall possibleclusteringsmeasur
ing theirquality, andpickingthebestresult. Tulip allowsinteractize

explorationwhereonecaneitherseethenestedsubgraphsiravn in-

sidethe screerextentof a supernodegr jump insideto seejustthe
supernode subgraph.Small-world navigationis usefulwhen ex-

ploringanunfamiliar graphto quickly nd thestructureof comple

components.

In all theimageswe create unlessotherwiseindicatedthegraph
layoutusedis Frick's GEM algorithm[5] asimplementedn Tulip.
Tulip alsosupportsconstrainednotion, wheremoving nodesalso
movesthe edgesattachedo them,soin someof our nal images
we mademinor manualadjustmenbf the placemenbf graphcom-
ponentgo maximizelabelreadabilityin the nal images.(Thereis
no manualadjustmentn theaccompaying video.)

3 RESULTSAND DiIsScUSSION

In Task?2.1 we look at the graphof all papers. Our resultsshav
that simply using the Strahlermetric for coloring leadsto the vi-
sualpopoutof highly citedwork: Generalizedrisheye Views, Cone
TreesandTufte'sbook. In Task2.2we usethegraphof bothpapers
andauthors Jooking at evolution over time by separatinghe data
by year All authorsare alwaysshavn, but new papersareadded
yearby year In 1986, mostof the literatureis disconnectedwith
a smallconnectedcomponenfeaturingbooksby Tufte andCleve-
land. Thatcomponengraduallyincreasesyntil it encompassete
entire datasety 2002. In Task2.3, we lter the dataseto only
includethe paperspublishedat InfoVis itself, alongwith their au-
thors,asshowvn in Figurel. In 1995,thereis of courseno cocita-
tion betweerinfoVis papersin 1996afew cocitationsappearwith
the largestconnecteccomponentroundThemescapeand Galax-
ies. Figure 1 Left shaws that this centralcore grows muchlarger
in 1997, retainingthe Themescapepaperat its heart,with only a
few scatteredtocitationghataredisconnecteffom it. This pattern
continuesn lateryears,with theintercitationconnectiorstructure
in the centralcoregrowing morecomple. FigureFigurel shavs
thatin the nal yearof 2002,only 20 papersdravn aroundthe pe-
riphery arecompletelydisconnectedrom ary otherinfoVis paper
anda 21stconnectedcomponentearthe bottom,with the label of
Alan MacEachrervisible, shavs connectiondbetweenthreegeo-
graphicvisualizationpapers.

For Task 2.4, we shav the full datasebf authors,conferences,

and papers,and again separateout the datayearby year Using
the Strahlermetric for convolution clusteringis a very powerful
way to track the evolution of centraltopics over time. We nd
thatFocus+Contet startedstrongandbecamevenmoredominant.
Dynamicqueries,ZUls, brushing/statisticagiraphics,andhigh di-
mensionalityare four more strongtopics. In general,we seethat
a rst in uential paperappearsandthe topic expandsto include
more papersastime wenton. Tufte's rst bookis an interesting
exceptionto the patternfollowedby the otherhighly-citeditems: it
stayssingularthroughtheentiredatasetneverforming aconnected
componentvith others.The clusterswe createalsoshav therela-
tionshipbetweerthetop authorsandwhich of theseauthorgpublish
in which area,asdescribedn our detailedentry.

In Task3.2.2,we shav an overview of all authorsand confer
encescoloring the databy threedifferentmetrics. In Task3.2.3,
we nd thetop authorsaccordingto Strahlemetricusingcornvolu-
tion clustering. The top tier hasCard and Shneidermanthe next
has Mackinlay, the third highestis Roth, Robertson,Keim, and
Staslo; the fourth is Chi, BedersonEick, Rao, Pirolli, Ward, and
Brown; the fth has26 authorsandthelasthasall therest.In Task
3.2.4,we shov how smallworld clusteringand coloring the quo-
tient graphedgesby eccentricitymetricyields an easily navigable
overview of thedata.

4 OPEN PROBLEMSAND CONCLUSION

The mostpressingneedthat we found whenexploring the contest
graphsis a scalablealgorithm for force-directedplacement. Al-
thoughtherehasbeena urry of recentwork in scalableforce-
directedplacementthe literature unfortunatelyonly containsal-
gorithmssuitablefor mesh-like graphs.The graphstypically found
in infovis applicationsarenot meshesOneof thereasonsve made
heary useof clustering,both convolution andsmall-world, is that
we couldnot createa usefuldraving of the entiregraphat the low-
estlevel of detail.

Tulip's ability to nd structurein this dataseshows that using
combinatoricgo guide visualizationis a very powerful approach.
TheStrahlemetricis usefulfor mary functions:coloring,progres-
sive rendering,label drawing, andclustering. We found that both
corvolution clusteringandsmallworld clusteringprovided insight
into the structureof the dataset.We also extensiely usedgraph-
theoretideaturesuchas nding theinducedsubgraptor reachable
subgrapHor somesetof selectechodesandedges.
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