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Abstract

We presenta new paradigmfor achievingFocus+ Con-
text visualizationscalledsmoothstructural zooming, which
varies the level of detail of the data in different areasof
thevisualization,asopposedto geometricallydistortingthe
visualizationor employingrapid zoomingtechniques. A
smoothstructural zoomingtechniquefor horizontal-vertical
(h-v) inclusiontreelayoutsis describedandappliedto the
domainof thesoftware designprocess,speci�cally, Design
BehaviourTrees(DBTs).Thissystemhastheability to nav-
igateandexploredatatoolargeto befully displayed,whilst
maintaininganapproximatelyconstantlevelof visualcom-
plexity, good visualizationaestheticsand preservationof
the user's mentalmap throughanimation. The technique
maybereadilyextendedto arbitrary layoutstylesandalgo-
rithms,and to other hierarchical datastructuresand rela-
tional information,such asclusteredgraphs.

Keywords—Focus+ context,smoothstructural zooming,in-
clusion tr ee layout, visual complexity, level of detail, mental
map, animation, software designprocess

1 Intr oduction

Theability to effectively visualizevery largeamountsof
relationalinformationis becomingincreasinglyimportant.
Thesizeof datasetsis increasingrapidly, whilst themajority
of computerdisplaysarearoundthesinglemegapixelmark,
with multi-megapixel large-scaledisplaysbeingexpensive
andcumbersome,despitebecomingmoreprevalent. In ad-
dition, theamountof bandwidthavailableto thehumanper-
ceptualsystemis limited. Both of thesereasonsmeanthat
the amountof datawhich canbe effectively visualizedat
any giventime is limited. This is a fundamentalproblemin
informationvisualizationknown asthedetail-context trade-
off — in any �x edsizedisplayonly smallamountsof infor-
mationcanbedisplayedathighdetail,resultingin a lackof
context (andvice-versa).

This problemis generallyresolved by usinggeometric

zoomingtechniques,which fall into two broadcategories,
distortionandrapidzooming.Distortiontechniquesinclude
Focus+ Context techniquessuchasthe�sheye lens,hyper-
bolic browserandperspective wall [3]. Theseinvolve dis-
playinga centralfocusregion at full magni�cation,so that
detailsin the datamay be easily seen,anda surrounding
context regionatlowermagni�cation,sothatonlyageneral,
high-levelstructureof thedatais seen.Theuserinvestigates
andexploresthe databy moving the focusregion, andre-
tainstheir overall locationin thevisualizationby usingthe
context region. Rapidzoomingtechniquesinclude“Zoom-
ing UserInterfaces”,suchasJazz[1] (andits predecessor,
Pad++)andGeoZUI3D[15] [14]. Rapidzoomingattempts
to utilise theuser's mentalmapandshortterm memoryto
providecontext, by only showing ahighdetailfocusregion
but allowing usersto veryquickly andeasilyzoomout to a
low-detailcontext view andthenzoombackin to thehigh-
detailregionof interest.

We presentan alternatemethodof performingfocus+
context called smoothstructural zooming, wherecontext
informationis summarisedor abstractedratherthanbeing
distortedor rapidly accessible.Smoothstructuralzooming
hastheability to navigateandexplore datatoo large to be
fully displayed,whilst maintainingan approximatelycon-
stantlevel of visualcomplexity, goodvisualizationaesthet-
icsandanimationto preservetheuser'smentalmap.

We illustrate the useof smoothstructuralzoomingby
applyingit to the particularcaseof h-v inclusiontreelay-
out visualizations.Section1.1givesa brief introductionto
inclusiontree layouts. Section2 explains the conceptsof
smoothstructuralzoomingat a generallevel, followed by
thespeci�c applicationto h-v inclusiontreelayoutsin Sec-
tion 3. Section4 containsanticipatedfutureenhancements
andimprovementsto smoothstructuralzooming.

1.1 Inclusion tr eelayouts

We areinterestedin applyingthis techniqueto relational
informationwhich canbe modelledby graphs,andin par-



Figure 1. An example of a clustered graph.

ticular clustered graphs, which supportvarying levels of
detail by de�ning a recursive clusteringof relatednodes.
Clusteredgraphsaremostoftenvisualizedby drawing the
contentsof eachclusterinsidea rectanglerepresentingthat
cluster, as shown in Figure 1. This allows clustersto be
summarisedby simply drawing the clusterrectanglewith-
out its contents.Although we would like to apply smooth
structuralzoomingto clusteredgraphs,at this initial stage
of our investigationwe insteadconsiderthesimplercaseof
smoothstructuralzoomingof inclusiontreelayouts,which
areeffectively clusteredgraphswith noedges.

The inclusiontree layout convention[5] is an alternate
methodof drawing treeswherethe parent–childrelation-
ship is visually representedby the child nodebeingcom-
pletely containedwithin the parentnode. For simplicity,
nodesare usually representedas rectangles.The familiar
classicaltreelayoutconventiondraws the treein a “level”
fashion,wherethe � coordinateof a nodeis proportional
to its depth � from the root, with lines drawn betweenthe
child andparentnodes.Figure2 illustratesanexampletree
in boththeclassicalandinclusionconventions.

In addition,the inclusiontreelayoutconventionis sim-
ilar to treemaps[8], a space-�lling techniquefor drawing
treesin the plane. Figure3 shows an exampletreemapof
thetreeshown in Figure2. Treemapstendto beusedmore
commonlywheresomestatisticaldatais associatedwith the
nodes,andtreemapalgorithmsaregearedtowardsusingthis

(a) ClassicalLayoutConvention

(b) InclusionLayoutConvention

Figure 2. An example tree in classical and in
clusion layout conventions.



Figure 3. Treemap for the tree sho wn in Fig
ure 2.

datawhencomputingthe layout. We useinclusionlayouts
aswe aremoreconcernedwith the structureof the nodes,
however, sincetreemapscanbe consideredto be inclusion
treeswith no marginsaroundthe internalnodes,the ideas
presentedin this paperarealsoapplicableto treemaps.

Onedisadvantageof the inclusion tree layout is that it
doesnot scalewell to very deeptrees.It canrequireexpo-
nentialarea(or exponentiallysmall resolution)in termsof
thenumberof nodes,which meansthat in a practicalsense
it is not very usefulfor treeswith depthgreaterthanabout
4 or 5. Thusit is very amenableto a dynamicnavigation
systemsuchas that provided by smoothstructuralzoom-
ing. In addition,thehierarchyof thetreeallows for natural
summarisingof context informationby displayingthe ap-
propriatenon-leafnode,ratherthanthefull structureof the
sub-treebelow thenon-leafnode.

Our smoothstructural zooming method for inclusion
treesinvolvesallowing the userto expandnodesto reveal
their childrennodes,with thesystemcompensatingby col-
lapsingthe leastrecentlyusedexpandednode.Thesystem
canalsozoomin to deeptreeswhennecessary, andusesan-
imatedtransitionsto preserve the user's mentalmapwhen
adjustingthelayoutof nodesin thedisplay.

This techniqueis similar to thatemployedby Spacetrees
[11] andDegreeof InterestTrees(DOI Trees)[2], except
we are concernedwith inclusion treesrather than classi-
cal node-linktrees.We do not considertheperformanceof
ourtechniquecomparedto classicaltreenavigationsystems
suchasSpacetreesor DOI Trees.This is becauseinclusion
treesarerequiredin orderto supportclusteredgraphs,but
classicaltreesystemsaregenerallynot appropriatefor the
visualizationof thehierarchyof clusteredgraphs.Although
DOI Treesallow otheredgesto beshown in additionto the
main hierarchyedges,the relevant edgesare only visible
whentheuserpointsat a node,andtheedgesaren't usedat

all in the layoutof thetree.Nevertheless,theexperimental
evaluationof Spacetrees[11] is encouraging,asit supports
the ideasof summarisingthe context informationandani-
matingview transitions.A thoroughevaluationof smooth
structuralzoomingwill be carriedout at a moreappropri-
atestageof theproject,suchaswhenit hasbeenappliedto
clusteredgraphs,ratherthanat this earlystage.

2 Smoothstructural zooming

Smoothstructuralzoomingaimsto facilitate the user's
exploration of data by providing interactive `structural
zooming'. Structuralzoomingdiffers from themorecom-
mon`geometriczooming' techniquesby showing different
partsof thedataat differentlevelsof detail,ratherthange-
ometricallydistortingthe visualization. Smoothstructural
zoomingis concernedwith performingstructuralzooming
in a fashionwhich preservesthe user's mentalmapwhilst
navigating throughthe data. In particular, the speci�c re-
quirementsof smoothstructuralzoomingare:

� changingthelevel of detail, that is, which partsof the
overalldataareto bedisplayed,

� displaythedatawithoutdistortion,while still allowing
theuserto `zoom' or concentrateonspeci�c areas,

� preservationof theuser's mentalmapbetweenvisual-
izationsof differentlevelsof detail,

� constantlevel of visualcomplexity, and

� consistentlygoodlayoutandpresentationof thedata.

2.1 Detail and visual complexity

Wesaythatavisualizationhasanintrinsic levelof detail
anda levelof visualcomplexity. Thelevel of detail(or sim-
ply `detail') indicatesthe amountof datawhich is present
in the given visualization,while the level of visual com-
plexity (or simply `visualcomplexity') indicateshow many
visual elementsor attributesarebeingusedto presentthis
data.Thegreatertheamountof datadisplayed,thegreater
the detail, andsimilarly for visual complexity. Detail is a
double-edgedsword — oneneedsdetail in orderto beable
to gaininsightinto thedata,yet toomuchdetailresultsin a
lackof availablescreenspaceandpoorresolution(in terms
of thespaceallocatedto eachdataelement).Thisis thecrux
of theclassicdetail–context tradeoff.

Detail may be quanti�ed by a measure,for example,
the numberof nodesor leaves (for tree data), and simi-
larly visualcomplexity maybequanti�ed, for example,by
the numberof graphicsprimitivesused. Differentvisual-
izationsof the samedataat the samelevel of detail may



(a) Classical (b) Excessive

Figure 4. A small tree (a section of the DBT
from Figure 5), sho wn using classical nota
tion and an excessive notation. The same
data is present in both, but the excessive no
tation has a higher visual comple xity .

have differentvisual complexities. For example,Figure4
showsa small treeusinga classicalnotationanda notation
which is deliberatelyexcessive. Thesamedatais presentin
bothvisualizations,but theexcessive notationclearlyhasa
highervisualcomplexity. Nevertheless,for givendatathere
areboundson the possiblecomplexities. In particular, we
considerthevisualcomplexity of a higherdetail visualiza-
tion to alwaysbegreaterthanthevisualcomplexity of any
lower detail visualization. More formally, if �
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2.2 Navigation technique

Our goal is a systemwhich maintainsanapproximately
constantlevel of visualcomplexity, while allowing theuser
to visualizeand navigate relationaldatathat would ordi-
narily requirea muchhighervisual complexity. Note that
distortiontechniques,suchasthe�sh-eye lens,havehigher
visualcomplexity — ratherthandrawing all of thecontext
datain adistortedfashion,it is betterto summarisethatcon-
text data,giving a lowervisualcomplexity.

Sincetheuseris thedriving forcebehindthe investiga-
tion of the data,the systemmust provide operationswill
supporttheuserin directingthenavigationthroughthedata.
Theseuseroperationsallow theuserto choosethedatathat

is to be includedin the visualization,but currently isn't.
That is, they are increasingthe detail of the visualization
(detail-increasingoperations), and thereforeby necessity
alsoincreasethevisualcomplexity. It is theroleof thesys-
tem to maintaintheapproximatelyconstantlevel of visual
complexity. This meansthat the systemmust reducethe
detail and visual complexity in responseto the user's in-
creases.In particular, for everytypeof detail-increasingop-
erationavailableto theuser, acorrespondinginversedetail-
reducingoperationmustbeavailableto thesystem.

Whentheuserincreasesthedetailby performinganop-
eration(thestimulus), thesystemmustdeterminethe:

� Detail reducingcondition: If thedetailis now toogreat
asa resultof the stimulus. The simplestmethodfor
determiningthisis if thedetailmeasurehasrisenabove
somepre-determinedthresholdvalue.

� Response: If thedetailreducingconditionis true,how
the systemshould respondto bring the detail back
down to acceptablelevels — without disturbing the
user'snavigationor investigationprocess.Notably, the
responsecannotinclude the inverseoperationof the
stimulus.

It is alsopossibleto allow the useraccessto performthe
detail-decreasingoperations.Theuserwill arguablyalways
have a betterideaof their overall goalthanthesystemcan,
and thus may chooseto anticipatea better “response”to
a stimulusthey areyet to perform. For example,prior to
expandinga nodethe usermay chooseanotherlarge ex-
pandednodeto manuallycollapse,in orderto make space
for thenodeto beexpanded,andto ensurethattheparticular
nodethey haveselectedis collapsed(ratherthanwhichever
nodeis selectedby the system). The systemdoesn't re-
spondto any detail-decreasingoperationsperformedby the
user(eventhoughthesymmetricthing to do is increasethe
detailsomehow).

The layout of the visualizationmustbe updatedas the
userchangestheir view of it, usually by using somesort
of layout algorithm for the datainvolved (for example,a
graphdrawing algorithm). This is becauseaswith any vi-
sualization,the quality mustbe maintained— that is, the
visualizationmust have good aestheticproperties,be un-
derstandable,facilitateinsight,andsoon. As thedatabeing
visualizedis changing,sotoomustthelayoutchangein or-
derto accomodatethis.

As thesechangesin visualizeddataandlayoutare(gen-
erally)discreteoperations,caremustbetakento ensurethat
theuseralwaysexperiencessmoothlyanimatedtransitions
betweenthedifferentviews. In addition,simpleanimation
techniquessuchaslinearinterpolationmaynotbesuf�cient
[6], andsolayoutspeci�c animationsarerequiredfor each
typeof operationwhich maybeperformed.It is preferable



for the animationof an inverseoperationto be the time-
reversedanimationof theoriginal operation,but this is not
essential.

Sometimesthe systemmay needto performmorethan
oneoperationin orderto bring thevisualizationinto anac-
ceptablestate. For example,both a detail-increasingand
a detail-reducingoperationmay needto be performed. In
this case,thereis a choicebetweenanimatingtheseopera-
tionsconsecutivelyor animatingthemconcurrently. When
animatingconsecutively, thereis theadditionalissueof the
order in which the animationsshouldbe performed. An-
imating consecutively can be confusingbecausewhen an
animationends,theuseris not sureif anotherwill bestart-
ing or not, andmayattemptto continuenavigatingonly to
�nd that anotheranimationhasbegun. This may be alle-
viatedby increasingthe speedof the animationssuchthat
thetotalanimationalwaystakessome�x edamountof time,
however this isn't feasibleif therearemany animationsto
beperformed.Animatingconcurrentlytendsto bemorevi-
suallyappealing,asuserscanstill follow themovementof
thenodeswhenseveralanimationsareoccuring.However
it canget confusingif therearemore thanapproximately
3 animationsbeingperformedconcurrently, andsoin these
casesacombinedor hybridapproachis expectedto bebest,
wherea strategy is usedfor choosinggroupsof animations
to beperformedconcurrently, andthesegroupsarethenani-
matedconsecutively. Currentlyoursystemperformsall an-
imationsconcurrently, asthereis a maximumof 3 possible
animationsatany giventime.

3 Application to inclusion tr eelayout

We now apply the smoothstructuralzoomingconcepts
from Section2 to the caseof tree visualizationand nav-
igation. In particular, we examinethe inclusion tree lay-
out convention,due to its pivotal role in the visualization
of clusteredgraphs. In Section3.1 we introducethe sam-
ple dataused,thatof designbehaviour trees(DBTs). This
is followed in Section3.2 by detailsof the inclusion tree
layout algorithm used. Finally, Section3.3 describesthe
applicationof smoothstructuralzoomingto inclusiontree
layouts.

3.1 Designbehaviour tr ees

In the �eld of software engineering,one of the chal-
lengespresentedby theever-increasingsizeandcomplexity
of modernsoftwaresystemsis thatof designingsuchsoft-
waresystemsfrom thegroundup in anef�cient anderror-
freeway. Visualizationhasoftenplayedan importantrole
in thesoftwaredesignprocess,for example,data-�ow dia-
gramsandUni�ed ModellingLanguage(UML) [13], andat
asomewhatlower level, �o wchartsandNassi-Shneiderman

Figure 5. The Mine Pump DBT using a classi
cal layout convention.

diagrams[10]. However, thesevisualization techniques
have very rarely explicitly consideredthe non-trivial task
of scalingup to very largesoftwaresystems.

Onetechniquewhichdoesaddressthisconcernis thatof
designbehaviourtrees, or DBTs [4]. In this paradigm,the
systemdesignercreatesbehavioural modelsof small, indi-
vidual partsof the system. A processcalledgeneticsoft-
ware engineeringis usedto merge theseindividual DBTs
into a largeoverall DBT for theentiresystem.This is then
usedas a basisof the software architecture,allowing the
systemto bebuilt directly from its functionalrequirements,
ratherthanthemoretraditionalactivity of building asystem
whichsatis�esthoserequirements.Thishelpstosupportthe
designof large software systems,but doesn't addressthe
problemof visualizinglargesoftwarearchitectures.In fact,
the overall software designDBT can easily be too big to
completelyvisualizeon-screen,evenif a large-scalemulti-
megapixel displaydevice is used,andthis is ourmotivation
in visualizingthemusingsmoothstructuralzoomingfor in-
clusiontrees.

The size of a DBT dependson the size of the soft-
waresystemit describes,andcurrentexamplesrangefrom
around20 nodesto several thousand. A typical DBT is
shown in Figure 5. This DBT describesthe operationof
asoftwaresystemcontrollingawaterpumpin a mine.

3.2 Inclusion tr eelayouts

Theformal de�nition of aninclusionlayoutfor a tree �

is arectangle��� in theplane��� for eachnode� of � , such
that



(b) Horizontal

(a) Vertical

Figure 6. The two diff erent types of node ar
rang ements considered.

� if � hasachild � then ��� is within ��� , and

� if � haschildren � and � thenthe rectangles��� and
��� do not overlapandareseparatedby a distanceof
at least

�

.

Weareinterestedin inclusionlayoutsthathaveasmallover-
all sizegiven sizesof the leaf nodes. This is because,in
practice,nodesmustcontaintext and the availablescreen
spaceis limited.

Whenevaluatingthesizeof a rectanglewe usethemin-
imumenclosingsquare sizemeasure,which givesa sizeof

�

��� �

�

�
	����� ��� �

�

�

for a rectangleof width
�

andheight
� . Empirical resultssuggestthat in practicethis sizemea-
suregivesgoodresultsfor inclusionlayouts[12].

The fundamentalproblemfor inclusionlayout is asfol-
lows:

Minimum Inclusion Layout Problem (MILP):
Givena tree � anda width �

� andheight �
� for

eachleaf � of � , �nd a minimum sizeinclusion
layoutfor � suchthatfor eachleaf � , thedimen-
sionsof �

� are �
���

�
� .

If weconsiderthetreein whicheverynon-rootnodeis a
leaf,we canseethatMILP is equivalentto a 2 dimensional
bin packingproblem,and is thus NP-hard[9]. However,
this can be avoided by allowing only two possibleways
of arrangingthe children of a node,horizontaland verti-
cal, asshown in Figure6, calledh-v arrangements. In this
restrictedcaseof h-v arrangements(and integer nodedi-
mensions),weuseadynamicprogrammingapproachwhich
solvesMILP in polynomialtime[5]. Figure7 showsthere-
sult of applyingthis inclusiontreelayout algorithmto the
Mine PumpDBT from Figure5.

We observe that inclusiontreestendto bepoor at visu-
alizingchainsof nodeswith (out)degreeof 1, asthenested

Figure 7. The Mine Pump DBT using an inc lu
sion layout convention.

rectanglesandmarginswastescreenspaceandaddunnec-
essarycomplexity to thevisualization.A bettersolutionfor
theinclusionlayoutconventionin thiscaseis to `compress'
eachof thesechainsof nodesinto a single representative
node. A visual cue suchasa gradientmay be appliedto
therepresentativenode,informing theuserthatsomeinfor-
mationhasbeencompressedin orderto improvethevisual-
ization. In addition,the representative nodemaycontaina
summaryof the text from thecompressednodes.Figure8
showstheresultsof applyingchaincompressionto theMine
PumpDBT from Figure7. FromFigure8 we canseethat
theinclusionlayoutis easierto understandwith chainscom-
pressed,althougha visual cuewould be usefulto regather
someof the lost informationandno text summarieshave
beengeneratedfor therepresentativenodes.

3.3 Smoothstructural zoomingtechnique

This sectiondescribestheapplicationof our navigation
techniqueto thespeci�c caseof inclusionlayouttrees.

The detail measureusedis the numberof leaf andcol-
lapsednodesvisible,althougha differentmeasurecouldbe
used,mostnotablythenumberof nodes(includinginternal
non-leafnodes).Howeverwhenexploring deeptreeswhile
usingthe numberof nodesasthe detail measure,muchof
the screenspaceis usedby non-leafnodes,which tendto
increasethevisual complexity andclutter thedisplay. For
this reasonwe usethenumberof leaf andcollapsednodes,
despitethetwo measuresbeingverysimilar.



Figure 8. Results of appl ying chain compres
sion to the Mine Pump DBT sho wn in Figure 7.

Thedetail-increasingoperationsavailableto theuserare:

� expandinga node, revealing its child nodesand in-
creasingits sizeto accomodatethesechildren,and

� zoomingout a level, allowing theuserto seepartsof
thetreepreviouslyobscuredby thesystemzoomingin.

The detail-decreasingoperationsavailable to the system
are:

� collapsinga node,hiding its childrenandreturningto
its original size,and

� zoomingin a level, obscuringouterregionsof thetree
(generallycontainingcollapsednodes),allowing the
userto concentrateon the centralregion of expanded
nodes.

Zoomingis handledby keepingacurrentpseudo-rootnode.
Thesystemensuresthatthepseudo-rootnode(andthusev-
erything inside it) is visible on the screenby scalingthe
visualizationsuchthatthepseudo-rootnode�lls thescreen
(preservingaspectratio). Zoomingout by a level involves
changingthepseudo-rootto be theparentnodeof thecur-
rentpseudo-root.Zoomingin by a level movesthepseudo-
root to its child which is an ancestorof the most recently
expandednode.Thusthepseudo-rootis alwaysanancestor
of themostrecentlyexpandednode.

Theresponseof thesystemto zoomingout:

� cannotincludezoomingin (asthis would be idempo-
tent),but

� mayincludethecollapsingof any nodes.

Theresponseof thesystemto theexpandingof a node:

� cannotincludethecollapsingof thatnodeor any of its
ancestors,but

� mayincludecollapsingof any othernode,and

� mayincludezoomingin oneor morelevels.

Thereis an importantasymmetrybetweenthe two detail-
decreasingoperationsavailable to the system. Collaps-
ing a nodedoesnot lower the data availability, sinceaf-
ter performingtheoperation,all of theothernodesarestill
availableto beexpanded,asis thejust-collapsednode(and
zoomingout is still possible). However, zoomingin does
lowerthedataavailability, becausenow somenodesmaybe
outsidethevisualization,precludingtheir beingexpanded.
Thusthe user-controlledzoomout operationis absolutely
essentialto allow theuserto returnto thosehiddennodesat
somelaterpoint.

In responseto expandinganode,thesystemmustdecide
which nodesto collapse(if any), andhow many levels to
zoomin (if at all). If thereareexpandednodesavailable
to be collapsed,the systemwill consulta queueof nodes
in order to �nd the leastrecentlyused(LRU) nodes. As
many nodesareremovedfrom the queueandcollapsedas
is necessaryto reducethedetail to anacceptablelevel. Af-
ter a nodeis expanded,it is addedto theendof thequeue,
followedby its ancestors(in order). This meansthatwhen
collapsingnodes,thedeepestpossiblenode(respectingthe
LRU queue)which reducesthe detail suf�ciently will be
used.However, if thereareno nodesavailablefor collaps-
ing (thatis,all expandednodesareancestorsof thecurrently
expandingnode)thenzoomingin is theonly recourse,and
sothesystemshouldzoomin asmany levelsarenecessary
to suf�ciently reducethedetail.However, if this is theonly
situationin which the systemzoomsin, the useris unable
to zoomin on (for example)two expandedsiblingswhich
maybeof interest.Thiscanbesolvedby:

� Allowing theuserto manuallyzoom-in.This solution
is somewhatinelegant,but adequate.

� Having thesystemzoomin earlier, while somenodes
arestill expanded.However, decidingwhento collapse
andwhento zoomin, while botharepossibilities,is a
non-trivial task. The most promisingpossibility ap-
pearsto belimiting thesizeof theLRU queueto some
minimum size,which would allow somenodesto re-
main expandedwhilst the view is zoomedin. How-
ever, it is complicatedby the ancestorsstoredin the
LRU queueandthepossibilityof zoomingin pastone
or moreof theexpandednodes.

Whenzoomedin, the layout outsidethe pseudo-rootnode
is �x ed,while the layout insideit is updatedandadjusted
asusual. This helpsto preserve the user's mentalmap,as



hiddenpartsof the visualizationdon't changeappearance
whilst out of view. Therearetwo obviousmethodsfor up-
datingthelayoutinsidethepseudo-rootnode:

1. Recomputethe layout for theentiretree,but only up-
datethepositionsof descendantsof thepseudo-root.

2. Recomputethelayoutasthoughthepseudo-rootis the
overall root of thetree.

Put anotherway, although only the descendantsof the
pseudo-rootareupdated,recomputethelayoutusingeither
theactualroot or thepseudo-rootof the treeastheroot of
thelayout.

The �rst alternative hasthemajordisadvantagethat the
quality of the layoutof thepseudo-rootmaybepoorwhen
takenon its own, asthelayoutalgorithmoptimisesthelay-
out of the overall tree. For example,the pseudo-rootmay
have an extremeaspectratio (comparedto the desiredas-
pectratio), becausethe inclusionlayoutalgorithmhasop-
timisedthelayoutsothattheoverall treehasa goodaspect
ratio.

The secondalternative hasthe disadvantagethat when
thepseudo-rootis usedastheroot theresultinglayoutmay
be quite differentfrom previous layouts,resultingin large
layoutchangeswhenzoomingin. However, theanimation
usedhelpsto alleviate this problemsomewhat,andthead-
vantageof having anoptimal layoutfar outweighsthis dis-
advantage.It alsomakessenseto usethepseudo-rootasthe
root of the layoutcomputationasit is the root of what the
usercansee.For thesereasonsoursystemusesthepseudo-
rootastheroot of thelayoutcomputations.

3.4 Animation

An animationexists for eachtype of operationthat can
be performed,aswell asfor layoutupdates.Expandingis
performedby linearly interpolatingthesizeof thecollapsed
nodebetweenits original collapsedsizeand its expanded
size, followed by drawing the child nodes. Collapsingis
similar, theexpandednode's childrenareremovedandthe
sizeof the nodeis thenlinearly interpolatedto its original
collapsedsize. In bothcases,changesin nodesizesaffects
othernodessuchthatno occlusionsoccur, for example,as
a nodeis expandedits ancestornodesarealsoexpandedas
necessary. A usefulimprovementwouldbeto scalethesize
of thenodewhilst it wasexpandedandits childrenvisible,
however technicallimitationspreventedsuchananimation
in this earlywork. Zoomingin andout is simply achieved
by linearly interpolatingthe clipping rectangleof the dis-
playbetweentheold pseudo-rootandthenew one.

Adjusting the layout requireschangingthearrangement
of oneor morenodesfrom horizontalto vertical, or vice-
versa. This is achieved by “rotating” the children nodes

Figure 9. Rotating the child nodes to chang e a
node arrang ement from ver tical to horizontal.

aboutthe centerof the nodein question,as illustratedin
Figure9. Figure10 illustratesthe threedifferent typesof
rotationoursystemuses:

1. linear, whichsimply linearly interpolatesthepositions
of thechildrenfrom their initial locationto their �nal
location,

2. circular, which interpolatesthe positionsof the chil-
drenalonganelliptical arc,and

3. orthogonal, which interpolatesthe positions of the
childrenalonga “Manhattanpath”.

Linearandcirculararesubjectto occlusionsbetweenmov-
ing siblings,althoughcircularis notasproneto it. Orthogo-
nal requiresthenodesto traversea longerdistance,andcan
causethe sizeof the nodeto increaseconsiderablyduring
the animation,but it hasthe advantageof avoiding occlu-
sionsaltogether. Somewhat surprisingly, whenocclusions
do occur, they don't appearto bea majorhindranceto fol-
lowing theactionof thenodes.

Thevideoaccompanying this paper[16] shows theani-
mationsusedby thesystemon theMine PumpDBT from
Figure 7. It shows a navigation throughthe DBT, illus-
trating themain featuresof thesmoothstructuralzooming
system. The compressedversionof the Mine PumpDBT
from Figure8 is notused,asit is notdeepenoughto exhibit
zoomingin. Thedetailmeasureusedis thenumberof nodes
present,again, this is to show the zooming in operation.
This detailmeasurehastheside-effect thatsomenodesare
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Figure 10. The diff erent types of rotation avail
able for updating the layout of a node , (a) lin
ear, (b) cir cular and (c) or thogonal. The node
is moved from its original position to its �nal
position along one of the indicated paths.

closedimmediatelyafter beingopenedin the video, how-
ever this occursmuchlessfrequentlywhenthemoreusual
numberof leafandcollapsednodesdetailmeasureis used.

3.5 Imagegallery

Wenow presentanimagegalleryshowing theeffectsand
resultsof themainoperationsof thesystem.In additionto
showing the actionsof the system,theseimagesalso re-
inforcehow valuabletheanimationis in smoothstructural
zooming.When“jumping” directly from oneimageto the
next (aswould be the caseif animationwerenot present),
considerablethoughtandexplanationis requiredto deter-
mine the changesthat have taken place. However when
viewing the accompanying video [16] it is mucheasierto
follow thechangesbeingperformedon thetree.

Figure11 shows theeffect of expandingtheright of the
two bottom-mostcollapsednodes.We �rst observethatthe
layouthaschangedsuchthat the largeexpandedsectionis
now laid out vertically approximatelyin the centreof the
visualization,andits sibling is alsonow laid out vertically
on its right. In addition,we noticethat the largeexpanded
sectionin theupperright areapreviously hadno collapsed
nodes,but now has4 collapsednodes.Both displayshave
asimilarnumberof nodes,andthelayouthasbeenupdated
in orderto keepthenew displayfrom becominglarger.

Figure 12 shows the effect of expandingthe left-most
collapsednode. In this case,thenodeexpandsto reveal6
children,laid out vertically. However, theexpandednodes
on theright handsidehave hadto collapseconsiderablyin
orderto make suf�cient spacefor this. Theright expanded
nodehascollapsedcompletely, whilst the children of the
left one have collapsed,and its arrangementhaschanged
from horizontalto vertical. Again, thedisplaysaresimilar
in detailandsize.

Figure13 shows the effect of zoominginto the visual-
ization. Figure13(a)shows what the visualizationwould
look like if zoomingin wasnot usedasa response,while
Figure13(b) shows the actualvisualizationobtainedwith
zooming in enabled. We observe that thereare lesson-
screennodes,andthosepresentarelarger, moreeasilyread-
ableandcloserto thecentralnodewhichwasexpanded.In
addition,thelayoutof thenodecontaining4 childrenis hor-
izontalratherthanvertical,which is dueto thelayoutbeing
computedonly insidethepseudo-rootnode,ratherthanover
theentiretree.

4 Future work

This paperdescribesinitial work into smoothstructural
zooming,a new paradigmfor Focus+ Context displayof
relationaldata.Therearemany enhancementsandandcon-
tinuationsof thiswork whichwearecurrentlyinvestigating;
someof themoreinterestingandpromisingarepresentedin
this section.

4.1 Layout styleand algorithm independance

The currentsystemis heavily basedon the MILP dy-
namicprogrammingalgorithm,in particularthe layout re-
arranginganimationsonly work for h-v layouts. It would
be very useful if an animationsystemcould be developed
whichwasindependantof theparticularstyleof layoutand
algorithmbeingused.This would allow muchmore�e xi-
blealgorithms,suchas[7], to beused.Smoothlyanimating
betweenarbitrarylayoutsis non-trivial, althoughthegraph
animationtechniquespresentedin [6] are expectedto be
useful.

The currentanimationtechniquesalso don't allow for
thepossibilityof changingtheorderof thenodeswithin the
horizontalor verticallayout. It is expectedthatresultsfrom
the areaof sortingalgorithmanimationwill be useful for
this.

4.2 Clusteredgraphs

Clusteredgraphsare a particular type of graphwhich
additionally have a clusterhierarchytree imposedon the
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Figure 11. Expanding the right of the two bottommost collapsed nodes.
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Figure 12. Expanding the leftmost collapsed node .
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Figure 13. The effect of zooming in.



nodes.They aregenerallydrawn with clustersof nodesin-
sidetheirparentnode,similarly to theinclusiontreelayout,
with edgesbetweenthe nodesroutedby meansof a clus-
teredgraphdrawing algorithm. At a simplistic level, they
arethesameasinclusiontreelayouts,with theadditionof
edgesbetweennodes. As a result,extendingthis smooth
structuralzoomingtechniqueto clusteredgraphswould al-
low many moretypesof diversedatato beused.

4.3 Layout stability

Sometimeswhenexpandingnodes(suchasa setof sib-
lings of similar size),the layout algorithmchangesthe ar-
rangementof a fairly high level nodeback and forth be-
tweenhorizontalandvertical,whichcanbeverydistracting
anddisruptive to theuser's mentalmapconstruction.Pos-
sible solutionsincludeallowing the layout to only change
onscreenoncethequality of thelayout is substantiallyim-
proved,ratherthanmarginally improved;or usinga layout
sizemeasurewhich incorporatesthesizeof thecurrentlay-
out,allowing thenotionof the“optimal” layoutto bemod-
ulatedby candidatelayout's similarity to thecurrentlayout
(eitherin termsof theh-v arrangementsof nodesor dimen-
sionsof thenodes).

4.4 Initial expansion

Currently, theinitial displaypresentedto theuseris sim-
ply theroot nodein expandedform. This is becauseclearly
theuserwill alwayswantto navigateinto therootnode,and
so presentingthe root nodein collapsedform is unneces-
sary. However, a bettersystemwould beto initially expand
thetreeasmuchaspossible.Thatis, performabreadth�rst
search(BFS)on thetree,expandingnodeswhile thedetail
is not too large. Theusershouldnot seethis expansionoc-
curing,giving theusera betterideaof what thetreeis like
whenthey initially load it, ratherthanhaving to manually
explorethenodesneartheroot. TheBFSmaybesuchthat
eachlayeris expandedsimultaneously(thatis, layersof the
treeareneverpartially expanded),andtheBFSstopswhen
the expansionof a layer would causethe detail to be too
high; or elseit may be suchthat nodesare expandedin-
dividually, stoppingonly whenexpandingany nodewould
causethedetail to be too high. Figure14 shows anexam-
pleof thedifferencebetweenonly expandingtherootnode,
whichgivespoorinitial userorientation,andexpandingsev-
eral levels (in this case,aiming to have 10 leavespresent),
giving the usera betterideaof the structureof the tree in
thelevelscloseto theroot.

4.5 Mousecursor warping

Whentheuseris navigatingthroughthe tree,they must
often“chase”nodeswith themouseasthenodesmovewith

(a) Only
the root
expanded

(b) Several levelsexpanded

Figure 14. The diff erence between initiall y ex
panding onl y the root node and expanding
several nodes.



layout changes. For example,when the userclicks on a
nodetoexpandit, if thenodemovesawayfrom its initial po-
sition thentheusermayno longerbepointingat thatnode,
eventhoughthey have not movedthemouseandareprob-
ably still interestedin that node(asit wasjust expanded).
It wouldbegoodif thesystemcould“warp” thepositionof
the mousecursorso that it followed the movementof the
nodeto its �nal position. The transformationsappliedto
eachnodein thedisplaycouldalsobeappliedto themouse
cursor, causingthe mouseto move along with the nodes,
keepingthe samerelative position to the nodes. The user
shouldstill beableto move themousewhile this is occur-
ing, althoughthismaybeproblematicif theuseris required
to “�ght” thesystem'smovementof themouse.

5 Conclusion

We have presenteda new paradigmfor Focus+ Context
calledsmoothstructuralzooming,andanapplicationof it to
horizontal-vertical(h-v) inclusiontreelayouts(in thecon-
text of DesignBehaviour Trees).This paradigmallows the
level of detail shown in differentregionsof the visualiza-
tion to be varied by summarisingor abstractingthe data,
ratherthangeometricallydistortingthevisualizationor us-
ing rapidzoomingto makeobscuredregionsquickly acces-
sible. It hastheability to navigateandexploredatatoolarge
to be fully displayed,whilst maintaininganapproximately
constantlevel of visualcomplexity, goodvisualizationaes-
theticsandpreservation of the user's mentalmapthrough
animation. Although our inclusiontreelayout application
is currentlyspeci�c to h-v layouts,it canbegeneralisedto
arbitrarylayout stylesandalgorithms,andto otherhierar-
chical datastructuresandrelationalinformation,mostno-
tablyclusteredgraphs.
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