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ABSTRACT

We show the structureof the InfoVis publicationsdatasetusing
Tulip, a scalableopen-sourcevisualizationsystemfor graphsand
trees. Tulip supportsinteractive navigation andmany optionsfor
layout.Subgraphsof thefull datasetcanbecreatedinteractively or
usingawidesetof algorithmsbasedongraphtheoryandcombina-
torics, includingseveralkindsof clustering.We foundthatconvo-
lution clusteringandsmallworld clusteringwereparticularlyeffec-
tive at showing thestructureof theInfoVis publicationsdataset,as
wascoloringby theStrahlermetric.

1 I NTRODUCTI ON

We usethe Tulip [2] systemto investigate the InfoVis 2004con-
testdatasetof relationshipsbetweenpublishedpapers.Tulip is a
highly scalableopen-sourcesystemfor exploratoryvisualizationof
graphandtree that offers an extensive setof algorithmsbasedin
combinatorics.Weusethefollowing Tulip featuresextensively:

� interactivenavigation,layoutandselection
� subgraphhierarchy navigation
� extractingtheinducedsubgraphfor aselectionset
� controllingcolor, renderingorder, andlabeldrawing priority

with theStrahlermetric[1]
� convolutionclustering[4]
� smallworld clustering[3]
� usinglightweightpluginsfor additionalcomputation

2 TUL I P CAPABI L I T I ES

We createda large directedgraphfrom the XML �le provided by
the contestorganizers. The graphedgesareoriented: thereis an
edge(Y,X) if paperY is citedby paperX. All nodesandedgeshave
propertiesthat can be usedfor computation. Our original graph
containedall thepropertiessuchasyearof publicationspeci�ed in
the XML �le, andTulip cancomputemany othergraph-theoretic
properties,for examplethearity of nodes(total numberof incom-
ing andoutgoingedges)or their rankingby severalmetrics.Tulip
is extensiblethroughits plug-in architecture,andwe wrote plug-
ins to do application-speci�ccomputations.For instance,to create
a graphcontainingonly authorsandconferences,we creatednew
links betweenauthorsbasedon papercitationsandassigneda cita-
tion countpropertyfor authornodesbasedon all their papers.We
alsoaddedcoauthorshiplinks, thendeletedthe papernodes. Al-
thoughwe experimentedwith creatingseparategraphsfor paper
coauthoringandpapercocitation,we foundthecombinedgraphof
bothcoauthorshipandcocitationto bemuchmoreinformative.

We createdmany subgraphsof theentiredatasetusingthebuilt-
in capabilitiesof Tulip. Thegeneralinteractionparadigmin Tulip
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is that the user loads a graph and then createsmany subgraphs
while interactingwith the graph. Thesesubgraphsform a hierar-
chy shown 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 arenotdrawn, subgraphmanipulation
changesthecomplexity of theunderlyingdataset,sothatalgorithms
intractablefor thefull datasetcanberunon its subgraphs.

We can interactively selectsomesetof nodesandedgesusing
regularexpressionsearchonastringpropertylikeauthornames,or
anarithmeticoperationonnumericdatasuchasyearof publication.
Wecansimplydeleteaselectedset,or carryoutmoresophisticated
graph-theoreticoperationssuchas�nding theinducedsubgraphor
reachablesubgraphfor that set. For instance,we found induced
subgraphsto show the evolution of the graphover time, because
simply selectingall thepapersfor a particularyearwould losethe
links to their authors.

WeusetheStrahlermetricextensively. TheStrahlermetrictakes
into accounttheglobalbranchingstructureof thedatasetasfollows.
For eachnodein thegraph,we computethebranchingof theDFS
spanningdirectedacyclic graph(DAG) andthe numberof nested
cyclesinducedby edgesthatarenot in thespanningDAG. In con-
trast,a simplermeasuresuchasthecitationcountis simply a local
computationat eachnode.We canusethis metric to controlcolor,
labeldrawing priority, andprogressive renderingorder[1]. Theef-
fectsof the latter is not directly visible in thestill images,but can
beseenin theaccompanying video. We usea greedyalgorithmto
decidewhichlabelsto draw usingtheorderinggivenby theStrahler
metricof thenodes.Thevisualdensityof thelabelswasmanually
optimizedfor eachimageusingan interactive slider; we typically
usedmaximumdensityfor small subgraphsbut turneddown the
densitywhenshowing overviews of largecomponents.Finally, the
titles of all conferencesandsomepapersweremanuallyshortened
to makebrowsingeasier.

In someof our examples,we computea few simplermetricsfor
authornodes. One is “longevity”: the numberof yearsbetween
their �rst publicationin this datasetandtheir last.Anotheris “pro-
li�cness”: thenumberof publications.Wealsousetheeccentricity
metric, which directly measureswhethernodesare peripheralor
central. This metric is O(n3), so we useit only after simplifying
thegraphvia clustering.

Convolutionclusteringis anapproachto partitioningagraphthat
givestheuserinteractive controlover how many clustersto create.
Tulip calculatesadensityfunctionbasedon thechosenmetric,dis-
playsa convolution of its histogram,andpartitionsthe graphac-
cordingto the humpsin the histogram.The userhasa slider that
controlstheextent that theconvolution kernelblursthehistogram;
that is, whethertherearea smallnumberof wide low humps,or a
largenumberof sharperhumps.Whenwe usetheStrahlermetric
for convolution clustering,we canquickly segmentthe datasetby
importance,andfocusour attentionon therelatively smallnumber
of nodesthathavehighvalue.

Small world clustering is a very different approachthat cre-
atesa a recursive subdivision of the dataset,providing a simpli-
�ed overview thatshows thegraph's high-level structure[3]. This
approachusesheuristicsto extractnear-cliques;thatis, nearlycom-
pletesubgraphswheremostnodesareconnectedto eachotherby
edges.Thesenear-cliquesarecollapsedinto supernodes,andwe
canthencreatea quotientgraphwhereonly a singleedgeis drawn



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

betweentwo of thesehigherlevel supernodesif any exist between
thetwo near-cliques.Wearguethatthisclusteringprovidesauseful
mentalmapof the graphbecauseonceinsidea supernode,every-
thing is “nearby”; that is, thereare only a very small numberof
hopsbetweenany of thenodesit contains.We computethesmall
world clusteringastrengthmetricthat�nds thenumberof cyclesof
length3 and4 passingthrougheachedge,normalizedby themax-
imum possiblevalue.Moreover, we automatically�nd theoptimal
numberof clustersby computingall possibleclusterings,measur-
ing theirquality, andpickingthebestresult.Tulip allowsinteractive
explorationwhereonecaneitherseethenestedsubgraphsdrawn in-
sidethescreenextentof a supernode,or jump insideto seejust the
supernode's subgraph.Small-world navigation is usefulwhenex-
ploringanunfamiliargraphto quickly �nd thestructureof complex
components.

In all theimageswecreate,unlessotherwiseindicatedthegraph
layoutusedis Frick's GEM algorithm[5] asimplementedin Tulip.
Tulip alsosupportsconstrainedmotion,wheremoving nodesalso
movesthe edgesattachedto them,so in someof our �nal images
wemademinormanualadjustmentof theplacementof graphcom-
ponentsto maximizelabelreadabilityin the�nal images.(Thereis
nomanualadjustmentin theaccompanying video.)

3 RESULTS AND DI SCUSSI ON

In Task2.1 we look at the graphof all papers.Our resultsshow
that simply usingthe Strahlermetric for coloring leadsto the vi-
sualpopoutof highly citedwork: GeneralizedFisheyeViews,Cone
Trees,andTufte'sbook.In Task2.2weusethegraphof bothpapers
andauthors,looking at evolution over time by separatingthe data
by year. All authorsarealwaysshown, but new papersareadded
yearby year. In 1986,mostof the literatureis disconnected,with
a smallconnectedcomponentfeaturingbooksby Tufte andCleve-
land.Thatcomponentgraduallyincreases,until it encompassesthe
entiredatasetby 2002. In Task2.3, we �lter the datasetto only
includethepaperspublishedat InfoVis itself, alongwith their au-
thors,asshown in Figure1. In 1995,thereis of courseno cocita-
tion betweenInfoVis papers.In 1996afew cocitationsappear, with
the largestconnectedcomponentaroundThemescapesandGalax-
ies. Figure1 Left shows that this centralcoregrows muchlarger
in 1997,retainingthe Themescapespaperat its heart,with only a
few scatteredcocitationsthataredisconnectedfrom it. Thispattern
continuesin lateryears,with the intercitationconnectionstructure
in thecentralcoregrowing morecomplex. FigureFigure1 shows
that in the�nal yearof 2002,only 20 papersdrawn aroundthepe-
ripheryarecompletelydisconnectedfrom any otherInfoVis paper,
anda 21stconnectedcomponentnearthebottom,with thelabelof
Alan MacEachrenvisible, shows connectionsbetweenthreegeo-
graphicvisualizationpapers.

For Task2.4, we show the full datasetof authors,conferences,

and papers,and again separateout the datayear by year. Using
the Strahlermetric for convolution clusteringis a very powerful
way to track the evolution of central topics over time. We �nd
thatFocus+Context startedstrongandbecameevenmoredominant.
Dynamicqueries,ZUIs, brushing/statisticalgraphics,andhigh di-
mensionalityarefour morestrongtopics. In general,we seethat
a �rst in�uential paperappears,and the topic expandsto include
morepapersas time went on. Tufte's �rst book is an interesting
exceptionto thepatternfollowedby theotherhighly-citeditems:it
stayssingularthroughtheentiredataset,never formingaconnected
componentwith others.Theclusterswe createalsoshow therela-
tionshipbetweenthetopauthorsandwhichof theseauthorspublish
in whicharea,asdescribedin ourdetailedentry.

In Task3.2.2,we show an overview of all authorsandconfer-
ences,coloring the databy threedifferentmetrics. In Task3.2.3,
we �nd thetopauthorsaccordingto Strahlermetricusingconvolu-
tion clustering. The top tier hasCardandShneiderman;the next
hasMackinlay, the third highestis Roth, Robertson,Keim, and
Stasko; the fourth is Chi, Bederson,Eick, Rao,Pirolli, Ward,and
Brown; the�fth has26authors,andthelasthasall therest.In Task
3.2.4,we show how small world clusteringandcoloring the quo-
tient graphedgesby eccentricitymetricyieldsaneasilynavigable
overview of thedata.

4 OPEN PROBL EM S AND CONCL USI ON

Themostpressingneedthatwe foundwhenexploring thecontest
graphsis a scalablealgorithm for force-directedplacement. Al-
thoughtherehasbeena �urry of recentwork in scalableforce-
directedplacement,the literatureunfortunatelyonly containsal-
gorithmssuitablefor mesh-likegraphs.Thegraphstypically found
in infovis applicationsarenotmeshes.Oneof thereasonswemade
heavy useof clustering,both convolution andsmall-world, is that
wecouldnotcreateausefuldrawing of theentiregraphat thelow-
estlevel of detail.

Tulip's ability to �nd structurein this datasetshows that using
combinatoricsto guidevisualizationis a very powerful approach.
TheStrahlermetricis usefulfor many functions:coloring,progres-
sive rendering,label drawing, andclustering. We found that both
convolution clusteringandsmallworld clusteringprovidedinsight
into the structureof the dataset.We alsoextensively usedgraph-
theoreticfeaturessuchas�nding theinducedsubgraphor reachable
subgraphfor somesetof selectednodesandedges.
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