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Visualizingd dynamicd graphsd isd challengingd becaused
changingd noded andd edged attributesd asd welld asd
topologicald alterationsd needd tod bed encodedd ind thed
visuald representation2d qowever4d existingd ap0
proachesd suchd asd animation4d juxtaposition4d andd
superimpositiond dod notd scaled well2d Ind thisd posterd wed
proposed ad noveld layeringd approachd ford visualizingd
dynamicd graphsd whered thed graphd ford eachy pointy iny
timey isy ay singley layery andd partsy ofy eachy layery arey
slightlyyshiftedybasedyonyaydegreeFofFinterestyJDOIxy
function1d Ind contrastd tod N2K’d representationsd thatd
alsod used layering4d usersd cannotd freelyd changed thed
viewingd perspectived butd ared restrictedd tod thed topd
view4d avoidingd occlusiond andd distortiond problems2d
Wed demonstrated thed layeringd approachd byd applyingd
thed conceptd tod twod graphd visualizations,d ad node0linkd
diagramdanddadradialdhierarchydvisualization2
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Visualizingd’ynamicd/raphs
Predominantdvisualizationdmethodsdforddynamicdgraphsd[S4N],d

Animationy

Juxtaposition

Superimposition

Jnimationdmapsdtimedtodtime2dIndthedflipdbookdmetaphordthisdcor0
respondsdtodrapidlydflippingdthedpages2d

Juxtapositiondrepresentsdthedtimedstepsdusingdsmalldmultiples2dInd
thedflipdbookdmetaphordthisdcorrespondsdtodtearingdoutdthedpagesd
anddpositioningdthemdside0by0side2d

Superimpositiond stacksd thed staticd
graphd representationd ofd eachd timed
stepdasd layersdondtopdofdeachdother2d
Ind thedflipd bookd metaphord thisd cor0
respondsd tod thed topd viewd ontod thed
bookd thatd hasd semi0transparentd
pages2

LayeringdJpproach

RadialdqierarchydVisualization

Wed extendd thed superimpositiond approachd whered thed individuald
semi0transparentdlayers—eachdrepresentingdthedgraphdatdadsingled
timed step—ared stackedd ond topd ofd eachd other2d Timed andd attributed
changesd ared encodedd ind positiond andd brightnessd tod ensured
scalabilityd byd aggregatingd non0relevantd subgraphsd definedd byd ad
’OIdfunctiondondalldnodesdanddedges2
d

Thed ’OId determinesd thed relevanced ofd and elementd ford thed user’sd
task2d Wed included user0drivend components4d suchd asd resultsd fromd
filterd andd searchd operations4d nextd tod automaticd components4d
expressingdattributedanddgraphdchangesdoverdtime2dElementsdwithd
ad lowd ’OId valued ared lessd relevantd andd therefored cand bed aggre0
gated2d
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IndProceedingsdofdthedEurographicsdOonferencedond
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N2dKerracherdetdal2dTheddesigndspacedofdtemporaldgraphd
visualisation2dIndProceedingsdofdthedEurographicsdOonferenced
ondVisualizationdREuroVisd’SHP4dN)SH2
d

M2dSarkardetdal2dStretchingdthedrubberdsheet,dJdmetaphordford
viewingdlargedlayoutsdondsmalldscreens2dIndProceedingsdofdthed
JOMdSymposiumdondUserdInterfacedSoftwaredanddTechnologyd
RUISTd’vIP4dpagesd5S–vS2dJOM4dSvvI2
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Ind–iguredNdthedblackdcircledindthedcenterdrepresentsdthedrootdnoded
anddarcsdondeachdringdcorresponddtodnodesdindadcertaindhierarchyd
level2d Edgesd betweend twod levelsd ared connectionsd withind thed
network2dThedwidthdofdthededgesdencodedtheduseddbandwidth2dThed
noded positiond encodesd attributed changesd andd edged brightnessd
combineddwithdtheirdrelativedpositiondencodedtime2dThedmoredthed
connectiond betweend twod nodesd jitters4d thed higherd thed corres0
pondingd’OI4dandd thedmoredthed twod nodesdaredseparated2d Ind thed
–iguredNdthedhorizontaldarcsdhavedvaryingdconnectionsdoverdtime4d
whiledthedverticaldarcsdhavedstabledconnectionsdthatdaredattachedd
todtheirdparentdnode2

Node0Linkd’iagram
–igured Sd visualizesd ad dynamicd node0linkd diagramd upond executedd
andd chainedd /alaxyd workflowsd ind Refineryd Platform2d Individuald
timed stepd layersd ared stackedd slightlyd verticallyd shiftedd ontod eachd
other4dencodingdtimedindposition2dTimedisdredundantlydencodeddind
brightness4d suchd thatd oldd timed stepsd faded tod white2d Thed combi0
nationdofdencodingdtimedindpositiondanddbrightnessdformsdadblack0
to0whitedgradientdondnodesdanddedges2
d

Thed ’OId valued drivesd thed aggregation4d suchd thatd onlyd elementsd
withd smalld andd similard ’OId valuesd ared aggregated2d Thed firstd
aggregationd leveld reducesd thed sized ofd noded glyphsd andd thed con0
tainedd datad representationsd similard tod ad semanticd zoom2d Thed
seconddleveldfurtherdreducesdthedglyphdsize2d Indaddition4dthed’OId
influencesd thed shiftd ofd thed layers4d emphasizingd thed elements’d
changed overd time2d Whiled staticd elementsd appeard asd ad singled
instance4dhighlydchangingdonesdhavedshifteddlayers2
d

Ind summary4d applyingd ourd approachd ond ad dynamicd node0linkd
diagramd cand bed interpretedd asd usingd ad rubberd sheetd [I]d ford eachd
semi0transparentd flipd bookd page2d Staticd partsd ofd thed diagramd
Rwhichdcorresponddtodadlowd’OIPdaredaggregateddbydsqueezingdthed
rubberdsheetdlocally4dwhereasdhighlydchangingdonesdRhighd’OIPdared
locallydstretched2

’iscussion
Layouty Algorithm:d Jlgorithmsd thatd computed thed layoutd ford and
individuald timed stepd needd tod considerd thed spaced requiredd byd thed
shiftdofdotherdtimedsteps2dJlso4dwithindthedsamedtimedstepddifferentd
’OIdvaluesdanddaggregationdlevelsdappear4dwhichdmaydalsodchanged
duringdthedanalysis2dTherefore4dlayoutdalgorithmsdneeddtodfinddthed
rightdbalancedbetweendcomputingdadscalabledcompactd layoutdandd
preservingdtheduser’sdmentaldmapdbetweend’OIdchanges2
d

Topologicaly Changes:d Thed approachd ofd stackingd andd shiftingd
individuald timed stepsd ofd ad dynamicd graphd worksd ford smalld topol0
ogicald changes2d qowever4d larged changesd generated problemsd re0
gardingd thed layoutd algorithm4d asd welld asd thed precised trackingd ofd
changesdamongdmultipledtimedsteps4dsincedthedmostdfrequentdtimed
stepdisdondtop2

Oonclusion
Wed introduced thed flipd bookd metaphord asd ad noveld layeringd ap0
proachd ford visualizingd dynamicd graphs2d Wed extendd thed super0
impositiondapproachdbydcombiningditdwithdadflexibled’OIdfunction4d
whichdinfluencesdhowdnon0relevantdpartsdofdthedgraphdaredaggre0
gated2dOhangesdindtimedaredencodeddindpositiondand3ordbrightness2

Figurey1:yJdmockupdofdaddynamicd
node0linkd diagramd ofd multipled
analysisd workflowsd executedd ind
Refineryd[H]dasdprovenancedvisu0
alization2
dd

Refineryd isd ad flexibled analysisd
platformddesigneddfordcollabora0
tived reproducibled researchd ond
heterogeneousd genomicd data0
sets2d Oned requirementd isdtod pro0
videdaccessdtodresultsdofdcompre0
hensived analysisd resultsdond larged
anddcomplexddatasets4dasdwelldasd
launchingd newd workflowsd ond
previousd resultsd ord re0runningd
workflowsdwithddifferentdparam0
eters2
dd

Thed provenanced graphd capturesd
inputs4d outputs4d tools4d andd para0
metersd ofd everyd workflowd exe0
cution2d Ind thed graphd timed isd en0
codedd ind thed verticald positiond ofd
thednodesdanddattributedchangesd
encodedd usingd brightness2d Partsd
ofdthedgraphdwithdadlowd’OIdval0
uedaredaggregated2d
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Figurey 2:d Jd datacenterd infra0
structured visualizedd asd d radiald
hierarchicald dnetworkdwithdphys0
icald serversd andd virutuald ma0
chinesd asd arcd nodesd andd connec0
tionsd asd edges2d Thed timed isd
encodedd ind brightnessd andd at0
tributedchangesdindnodedposition2dd


