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Abstract

We presenta new paradigmfor achieving Focus+ Con-
text visualizationscalled smoothstructural zooming which
varies the level of detail of the data in different areas of
thevisualizationasopposedo geometricallydistortingthe
visualizationor employingrapid zoomingtechniques. A
smoottstructural zoomingecdniquefor horizontal-vertical
(h-v) inclusiontreelayoutsis describedand appliedto the
domainof the softwae designprocessspeci cally, Design
BehaviourTrees(DBTS). Thissystenhastheability to nav-
igateandexplore datatoolarge to befully displayedwhilst
maintainingan approximatelyconstantevel of visualcom-
plexity, good visualizationaestheticsand preservationof
the user's mentalmap through animation. The technique
maybereadilyextendedo arbitrary layoutstylesandalgo-
rithms, and to other hierarchical data structuesandrela-
tional information,sud asclusteedgraphs.

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

1 Intr oduction

Theability to effectively visualizevery largeamountsof
relationalinformationis becomingincreasinglyimportant.
Thesizeof datasetss increasingapidly, whilstthemajority
of computedisplaysarearoundthe singlemegapixel mark,
with multi-megapixel large-scaledisplaysbeing expensve
andcumbersomedespitebecomingmore prevalent. In ad-
dition, theamountof bandwidthavailableto the humanper
ceptualsystemis limited. Both of thesereasonsneanthat
the amountof datawhich can be effectively visualizedat
ary giventimeis limited. Thisis afundamentaproblemin
informationvisualizationknown asthedetail-conteat trade-
off —in ary x edsizedisplayonly smallamountsof infor-
mationcanbedisplayedat high detail,resultingin alack of
contet (andvice-versa).

This problemis generallyresohed by using geometric
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zoomingtechniqueswhich fall into two broadcateyories,
distortionandrapidzooming.Distortiontechniquesnclude
Focus+ Context techniquesuchasthe sheyelens,hyper
bolic browserandperspectie wall [3]. Theseinvolve dis-
playinga centralfocusregion at full magni cation, sothat
detailsin the datamay be easily seen,and a surrounding
conttregionatlower magni cation,sothatonly ageneral,
high-level structureof thedatais seen.Theuserinvestigates
andexploresthe databy moving the focusregion, andre-
tainstheir overall locationin the visualizationby usingthe
contet region. Rapidzoomingtechniquesnclude“Zoom-
ing Userinterfaces”,suchasJazz[1] (andits predecessor
Pad++)andGeozUI3D[15] [14]. Rapidzoomingattempts
to utilise the users mentalmapandshortterm memoryto
provide contet, by only shaving a high detailfocusregion
but allowing usersto very quickly andeasilyzoomoutto a
low-detail context view andthenzoombackin to the high-
detailregion of interest.

We presentan alternatemethodof performingfocus +
contet called smoothstructual zooming where context
informationis summarisedr abstractedatherthanbeing
distortedor rapidly accessible Smoothstructuralzooming
hasthe ability to navigateandexplore datatoo largeto be
fully displayed,whilst maintainingan approximatelycon-
stantlevel of visualcompleity, goodvisualizationaesthet-
icsandanimationto preseretheusers mentalmap.

We illustrate the use of smoothstructuralzoomingby
applyingit to the particularcaseof h-v inclusiontree lay-
outvisualizations.Sectionl.1 givesa brief introductionto
inclusiontree layouts. Section2 explainsthe conceptsof
smoothstructuralzoomingat a generallevel, followed by
thespeci ¢ applicationto h-v inclusiontreelayoutsin Sec-
tion 3. Section4 containsanticipateduture enhancements
andimprovementgo smoothstructuralzooming.

1.1 Inclusion treelayouts

We areinterestedn applyingthistechniqueto relational
informationwhich canbe modelledby graphs,andin par



Figure 1. An example of a clustered graph.

ticular clusteed graphs which supportvarying levels of

detail by de ning a recursve clusteringof relatednodes.
Clusteredgraphsare mostoften visualizedby drawing the
contentf eachclusterinsidearectanglerepresentinghat
cluster as shovn in Figure 1. This allows clustersto be
summarisedy simply drawing the clusterrectanglewith-

out its contents.Although we would like to apply smooth
structuralzoomingto clusteredgraphs,at this initial stage
of ourinvestigationwve insteadconsiderthe simplercaseof

smoothstructuralzoomingof inclusiontreelayouts,which

areeffectively clusteredgraphswith no edges.

The inclusiontree layout corvention[5] is an alternate
methodof drawing treeswherethe parent—childrelation-
shipis visually representedby the child nodebeing com-
pletely containedwithin the parentnode. For simplicity,
nodesare usually representeds rectangles. The familiar
classicaltreelayout corventiondraws the treein a “level”
fashion,wherethe coordinateof a nodeis proportional
to its depth from the root, with lines dravn betweenthe
child andparentnodes.Figure? illustratesan exampletree
in boththeclassicalndinclusioncornventions.

In addition,theinclusiontreelayout corventionis sim-
ilar to treemapd8], a space- lling techniquefor drawing
treesin the plane. Figure 3 shavs an exampletreemapof
thetreeshawn in Figure2. Treemapgendto beusedmore
commonlywheresomestatisticaldatais associategvith the
nodesandtreemapalgorithmsaregearedowardsusingthis

(a) ClassicalLayoutCorvention

(b) InclusionLayoutConvention

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



Figure 3. Treemap for the tree shown in Fig-
ure 2.

datawhencomputingthe layout. We useinclusionlayouts
aswe aremore concernedvith the structureof the nodes,
however, sincetreemapsanbe consideredo be inclusion
treeswith no mamgins aroundthe internalnodes the ideas
presentedh this paperarealsoapplicableto treemaps.

Onedisadwantageof the inclusiontreelayoutis that it
doesnot scalewell to very deeptrees.It canrequireexpo-
nentialarea(or exponentiallysmall resolution)in termsof
thenumberof nodeswhich meanghatin a practicalsense
it is not very usefulfor treeswith depthgreaterthanabout
4 or 5. Thusit is very amenabldo a dynamicnavigation
systemsuchasthat provided by smoothstructuralzoom-
ing. In addition,the hierarchyof the treeallows for natural
summarisingof context information by displayingthe ap-
propriatenon-leafnode,ratherthanthefull structureof the
sub-treebelow the non-leafnode.

Our smooth structural zooming method for inclusion
treesinvolvesallowing the userto expandnodesto reveal
their childrennodeswith the systemcompensatindgy col-
lapsingthe leastrecentlyusedexpandednode. The system
canalsozoomin to deeptreeswhennecessarnandusesan-
imatedtransitionsto presere the users mentalmapwhen
adjustingthelayoutof nodesin thedisplay

Thistechniquas similarto thatemployedby Spacetrees
[11] andDegreeof InterestTrees(DOI Trees)[2], except
we are concernedwith inclusion treesratherthan classi-
cal node-linktrees.We do not considerthe performancef
ourtechniquecomparedo classicatreenavigationsystems
suchasSpacetreeer DOI Trees.Thisis becausénclusion
treesarerequiredin orderto supportclusteredgraphs,but
classicaltree systemsare generallynot appropriatefor the
visualizationof the hierarchyof clusteredyraphs Although
DOl Treesallow otheredgego be shavn in additionto the
main hierarchyedges,the relevant edgesare only visible
whenthe userpointsatanode,andthe edgesarent usedat

all in the layoutof the tree. Neverthelessthe experimental
evaluationof Spacetreefl1] is encouragingasit supports
the ideasof summarisinghe contet informationand ani-

matingview transitions.A thoroughevaluationof smooth
structuralzoomingwill be carriedout at a more appropri-
atestageof the project,suchaswhenit hasbeenappliedto

clusteredgraphsratherthanat this early stage.

2 Smoothstructural zooming

Smoothstructuralzoomingaimsto facilitate the users
exploration of data by providing interactve “structural
zooming'. Structuralzoomingdiffersfrom the morecom-
mon ‘geometriczooming' techniquedy shaving different
partsof the dataat differentlevelsof detail, ratherthange-
ometrically distorting the visualization. Smoothstructural
zoomingis concernedvith performingstructuralzooming
in a fashionwhich preseresthe users mentalmap whilst
navigating throughthe data. In particular the speci c re-
guirementf smoothstructuralzoomingare:

changingthelevel of detail, thatis, which partsof the
overalldataareto bedisplayed,

displaythe datawithoutdistortion,while still allowing
theuserto 'zoom' or concentrat®n speci c areas,

preserationof the users mentalmapbetweervisual-
izationsof differentlevelsof detail,

constantevel of visualcompleity, and

consistentlygoodlayoutandpresentatiornf the data.
2.1 Detail and visual complexity

We saythatavisualizationhasanintrinsiclevel of detalil
andalevel of visualcompleity. 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 “visualcompleity’) indicateshow mary
visual elementsor attributesare beingusedto presenthis
data. The greaterthe amountof datadisplayed the greater
the detail, and similarly for visual compleity. Detail is a
double-edgedword — oneneeddgetailin orderto beable
to gaininsightinto thedata,yettoo muchdetailresultsin a
lack of availablescreerspaceandpoorresolution(in terms
of thespacellocatedo eachdataelement).Thisis thecrux
of theclassicdetail-contat tradeof.

Detail may be quanti ed by a measure for example,
the numberof nodesor leaves (for tree data), and simi-
larly visual compleity may be quanti ed, for example,by
the numberof graphicsprimitivesused. Differentvisual-
izationsof the samedataat the samelevel of detail may
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Figure 4. A small tree (a section of the DBT
from Figure 5), shown 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 compleities. For example,Figure 4
shavs a smalltreeusinga classicanotationanda notation
whichis deliberatelyexcessve. The samedatais presenin
bothvisualizationshut the excessie notationclearly hasa
highervisualcomplexity. Neverthelessfor givendatathere
areboundson the possiblecomplexities. In particulay we
considerthe visual compleity of a higherdetail visualiza-
tion to alwaysbe greaterthanthe visual compleity of ary
lower detail visualization. More formally, if is the
visualcompleity atdetail with visualizationtechnique ,
thenwe have , for varyinglevels
of detail andall arbitraryvisualizationtechniques

2.2 Navigation technique

Our goalis a systemwhich maintainsan approximately
constantevel of visual compleity, while allowing theuser
to visualize and navigate relational data that would ordi-
narily requirea muchhighervisual complexity. Note that
distortiontechniquessuchasthe sh-eyelens,have higher
visual compleity — ratherthandrawing all of the context
datain adistortedfashion|t is betterto summarisehatcon-
text data,giving alower visual compleity.

Sincethe useris the driving force behindthe investiga-
tion of the data,the systemmust provide operationswill
supportheuserin directingthenavigationthroughthedata.
Theseuseropemtionsallow theuserto choosehedatathat

is to be includedin the visualization,but currentlyisn't.
Thatis, they areincreasingthe detail of the visualization
(detail-increasingoperations, and thereforeby necessity
alsoincreasehevisualcomplexity. It is therole of the sys-
tem to maintainthe approximatelyconstantievel of visual
complity. This meansthat the systemmustreducethe
detail and visual compleity in responseo the users in-
creasesln particular for everytypeof detail-increasingp-
erationavailableto the user a correspondingnversedetail-
reducingopemtion mustbe availableto the system.
Whenthe userincreaseshe detail by performinganop-
eration(the stimulug, the systemmustdeterminethe:

Detail reducingcondition If thedetailis now toogreat
asa resultof the stimulus. The simplestmethodfor

determininghisis if thedetailmeasurédasrisenabove
somepre-determinedhresholdvalue.

Responself the detailreducingconditionis true,how
the systemshould respondto bring the detail back
down to acceptabldevels — without disturbing the
usersnavigationor investigatiorprocessNotably, the
responsecannotinclude the inverseoperationof the
stimulus.

It is alsopossibleto allow the useraccesdo performthe
detail-decreasingperationsTheuserwill arguablyalways
have a betterideaof their overall goalthanthe systemcan,
and thus may chooseto anticipatea better“response’to
a stimulusthey areyet to perform. For example,prior to
expandinga nodethe usermay chooseanotherlarge ex-
pandedhodeto manuallycollapse,in orderto make space
for thenodeto beexpandedandto ensurehattheparticular
nodethey have selecteds collapsedratherthanwhichever
nodeis selectedby the system). The systemdoesnt re-
spondto ary detail-decreasingperationgperformedby the
user(eventhoughthe symmetricthing to dois increasehe
detailsomehw).

The layout of the visualizationmustbe updatedasthe
userchangegheir view of it, usually by using somesort
of layout algorithm for the datainvolved (for example,a
graphdrawing algorithm). This is becauseswith ary vi-
sualization,the quality mustbe maintained— thatis, the
visualizationmust have good aestheticproperties,be un-
derstandabldacilitateinsight,andsoon. As thedatabeing
visualizedis changing sotoo mustthelayoutchangen or-
derto accomodatghis.

As thesechangesn visualizeddataandlayoutare(gen-
erally) discreteoperationsgcaremustbetakento ensurethat
the useralwaysexperiencesmoothlyanimatedransitions
betweerthe differentviews. In addition,simpleanimation
techniquesuchaslinearinterpolationmaynotbesufcient
[6], andsolayoutspeci ¢ animationsarerequiredfor each
type of operationwhich maybe performed.It is preferable



for the animationof an inverseoperationto be the time-
reversedanimationof the original operation put this is not
essential.

Sometimeghe systemmay needto performmorethan
oneoperationin orderto bring the visualizationinto anac-
ceptablestate. For example, both a detail-increasingand
a detail-reducingoperationmay needto be performed. In
this case thereis a choicebetweenanimatingtheseopera-
tions consecutivelyr animatingthemconcurently. When
animatingconsecutiely, thereis the additionalissueof the
orderin which the animationsshouldbe performed. An-
imating consecutrely can be confusingbecausevhen an
animationends the useris not sureif anothemwill be start-
ing or not, and may attemptto continuenavigatingonly to

nd that anotheranimationhasbegun. This may be alle-
viated by increasingthe speedof the animationssuchthat
thetotalanimationalwaystakessome x edamountof time,
however this isn't feasibleif thereare mary animationsto
be performed Animating concurrentlytendsto be morevi-
sually appealingasuserscanstill follow the movementof
the nodeswhensereral animationsare occuring. However
it canget confusingif thereare morethanapproximately
3 animationsheingperformedconcurrentlyandsoin these
cases combinedor hybrid approachs expectedo bebest,
wherea stratey is usedfor choosinggroupsof animations
to beperformedconcurrentlyandthesegroupsarethenani-
matedconsecutiely. Currentlyour systemperformsall an-
imationsconcurrentlyasthereis a maximumof 3 possible
animationsatary 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 inclusiontree lay-
out corvention, dueto its pivotal role in the visualization
of clusteredgraphs. In Section3.1 we introducethe sam-
ple dataused,that of designbehaiour trees(DBTS). This
is followed in Section3.2 by detailsof the inclusiontree
layout algorithm used. Finally, Section3.3 describeghe
applicationof smoothstructuralzoomingto inclusiontree
layouts.

3.1 Designbehaviour trees

In the eld of software engineering,one of the chal-
lengegresentedby theeverincreasingsizeandcomplexity
of modernsoftware systemss thatof designingsuchsoft-
waresystemdrom the groundup in anef cient anderror
freeway. Visualizationhasoften playedanimportantrole
in the software designprocessfor example,data- ow dia-
gramsandUni ed ModellingLanguag€UML) [13], andat
asomavhatlowerlevel, o wchartsandNassi-Shneiderman

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

diagrams[10]. However, thesevisualizationtechniques
have very rarely explicitly consideredhe non-trivial task
of scalingup to very large softwaresystems.

Onetechniquenvhich doesaddresshis concernis thatof
designbehaviourtrees or DBTs [4]. In this paradigm the
systemdesignercreatesbehaioural modelsof small, indi-
vidual partsof the system. A processcalled geneticsoft-
ware engineeringis usedto meige theseindividual DBTs
into alarge overall DBT for the entiresystem.Thisis then
usedas a basisof the software architecture allowing the
systemto bebuilt directly from its functionalrequirements,
ratherthanthemoretraditionalactivity of building asystem
whichsatis esthoserequirementsThishelpsto supporthe
designof large software systems but doesnt addresshe
problemof visualizinglarge softwarearchitecturesin fact,
the overall software designDBT can easily be too big to
completelyvisualizeon-screenevenif alarge-scalemulti-
megapixel displaydevice is used andthis is our motivation
in visualizingthemusingsmoothstructuralzoomingfor in-
clusiontrees.

The size of a DBT dependson the size of the soft-
waresystemit describesandcurrentexamplesrangefrom
around20 nodesto sereral thousand. A typical DBT is
shawvn in Figure 5. This DBT describeghe operationof
asoftwaresystemcontrollingawaterpumpin amine.

3.2 Inclusion treelayouts

The formal de nition of aninclusionlayoutfor atree
isarectangle intheplane 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 iswithin  , and

if haschildren and thentherectangles and
do not overlapandare separatedby a distanceof
atleast .

We areinterestedn inclusionlayoutsthathaveasmallover-
all size given sizesof the leaf nodes. This is becausein
practice,nodesmust containtext andthe available screen
spacsds limited.
Whenevaluatingthe size of arectanglenve usethe min-
imumenclosingsquae sizemeasurewhich givesa size of
for arectangleof width andheight
. Empirical resultssuggesthatin practicethis sizemea-
suregivesgoodresultsfor inclusionlayouts[12].
The fundamentaproblemfor inclusionlayoutis asfol-
lows:

Minimum Inclusion Layout Problem (MILP):
Givenatree andawidth andheight  for
eachleaf of , nd aminimumsizeinclusion
layoutfor suchthatfor eachleaf , thedimen-
sionsof  are

If we considetthetreein which every non-rootnodeis a
leaf, we canseethatMILP is equivalentto a2 dimensional
bin packingproblem,andis thus NP-hard[9]. However,
this can be avoided by allowing only two possibleways
of arrangingthe children of a node, horizontaland verti-
cal, asshavn in Figure6, calledh-v arrangements In this
restrictedcaseof h-v arrangementgand integer node di-
mensions)we useadynamicprogrammingapproactwhich
solvesMILP in polynomialtime[5]. Figure7 shovsthere-
sult of applyingthis inclusiontree layout algorithmto the
Mine PumpDBT from Figure5.

We obsenre thatinclusiontreestendto be poor at visu-
alizing chainsof nodeswith (out) degreeof 1, asthenested

Figure 7. The Mine Pump DBT using an inclu-
sion layout convention.

rectanglesand mamgins wastescreenspaceandadd unnec-
essarycompleity to thevisualization.A bettersolutionfor
theinclusionlayoutcornventionin this caseis to ‘compress
eachof thesechainsof nodesinto a single representatie
node. A visual cue suchas a gradientmay be appliedto
therepresentatie node,informing the userthatsomeinfor-
mationhasbeencompresseth orderto improvethevisual-
ization. In addition,the representatie nodemay containa
summaryof the text from the compressedodes.Figure8
shawvstheresultsof applyingchaincompressiomo theMine
PumpDBT from Figure7. From Figure 8 we canseethat
theinclusionlayoutis easieto understandavith chainscom-
pressedalthougha visual cuewould be usefulto regather
someof the lost information and no text summarieshave
beengeneratedor therepresentatie nodes.

3.3 Smoothstructural zoomingtechnique

This sectiondescribeghe applicationof our navigation
techniqueto the speci ¢ caseof inclusionlayouttrees.

The detail measureusedis the numberof leaf and col-
lapsednodesvisible, althougha differentmeasureouldbe
used mostnotablythe numberof nodes(includinginternal
non-leafnodes).However whenexploring deeptreeswhile
usingthe numberof nodesasthe detail measuremuch of
the screenspaceis usedby non-leafnodes,which tendto
increasethe visual compleity andclutterthe display For
this reasonwe usethe numberof leaf andcollapsedhodes,
despitethetwo measuredeingvery similar.



Figure 8. Results of applying chain compres-
sion to the Mine Pump DBT shown in Figure 7.

Thedetail-increasingperationsvailableto theuserare:

expandinga node, revealing its child nodesand in-
creasingts sizeto accomodat¢hesechildren,and

zoomingout a level, allowing the userto seepartsof
thetreepreviously obscuredy thesystenzoomingin.

The detail-decreasingperationsavailable to the system
are:

collapsinga node,hiding its childrenandreturningto
its original size,and

zoomingin alevel, obscuringouterregionsof thetree
(generallycontainingcollapsednodes),allowing the
userto concentraten the centralregion of expanded
nodes.

Zoomingis handledby keepinga currentpseudo-ootnode.
Thesystemensureshatthe pseudo-roohode(andthusev-
erythinginside it) is visible on the screenby scalingthe
visualizationsuchthatthe pseudo-roohode lls thescreen
(preservingaspectratio). Zoomingout by a level involves
changingthe pseudo-rooto be the parentnodeof the cur-
rentpseudo-rootZoomingin by alevel movesthe pseudo-
root to its child which is an ancestorof the mostrecently
expandecdhode. Thusthe pseudo-roots alwaysanancestor
of themostrecentlyexpandecdhode.
Theresponsef the systemto zoomingout:

cannotincludezoomingin (asthis would be idempo-
tent),but

mayincludethecollapsingof any nodes.

Therespons®f the systemto the expandingof anode:

cannotincludethe collapsingof thatnodeor ary of its
ancestorshut

may includecollapsingof ary othernode,and

mayincludezoomingin oneor morelevels.

Thereis an importantasymmetrybetweenthe two detail-
decreasingoperationsavailable to the system. Collaps-
ing a nodedoesnot lower the data availability, sinceaf-
ter performingthe operationall of the othernodesarestill
availableto be expandedasis thejust-collapsedode(and
zoomingout is still possible). However, zoomingin does
lowerthedataavailability, becaus@ow somenodesmaybe
outsidethe visualization,precludingtheir beingexpanded.
Thusthe usercontrolledzoom out operationis absolutely
essentiato allow theuserto returnto thosehiddennodesat
somelaterpoint.

In responsé¢o expandinganode the systemmustdecide
which nodesto collapse(if any), andhow mary levelsto
zoomin (if atall). If thereare expandednodesavailable
to be collapsedthe systemwill consulta queueof nodes
in orderto nd the leastrecentlyused(LRU) nodes. As
mary nodesareremoved from the queueandcollapsedas
is necessaryo reducethe detailto anacceptabldevel. Af-
ter anodeis expandedijt is addedto the endof the queue,
followed by its ancestorgin order). This meanghatwhen
collapsingnodesthe deepespossiblenode(respectinghe
LRU queue)which reducesthe detail sufciently will be
used.However, if thereareno nodesavailablefor collaps-
ing (thatis, all expandedhodesareancestorsf thecurrently
expandingnode)thenzoomingin is the only recourseand
sothe systemshouldzoomin asmary levelsarenecessary
to sufciently reducethedetail. However, if thisis theonly
situationin which the systemzoomsin, the useris unable
to zoomin on (for example)two expandedsiblingswhich
may be of interest.This canbe solvedby:

Allowing the userto manuallyzoom-in. This solution
is somavhatinelegant,but adequate.

Having the systemzoomin earlier while somenodes
arestill expandedHowever, decidingwhento collapse
andwhento zoomin, while botharepossibilities,is a
non-trivial task. The most promising possibility ap-
peargto belimiting thesizeof the LRU queueto some
minimum size, which would allow somenodesto re-

main expandedwhilst the view is zoomedin. How-

ever, it is complicatedby the ancestorstoredin the
LRU queueandthe possibility of zoomingin pastone
or moreof theexpandechodes.

Whenzoomedin, the layout outsidethe pseudo-roohode

is x ed,while the layoutinsideit is updatedandadjusted

asusual. This helpsto presere the users mentalmap, as



hiddenpartsof the visualizationdon't changeappearance
whilst out of view. Therearetwo obvious methodsfor up-
datingthelayoutinsidethe pseudo-roohode:

1. Recomputehe layoutfor the entiretree,but only up-
datethepositionsof descendantsf the pseudo-root.

2. Recomputehelayoutasthoughthe pseudo-roois the
overallroot of thetree.

Put anotherway, althoughonly the descendant®f the
pseudo-rooaireupdatedyecomputehe layoutusingeither
the actualroot or the pseudo-roobf the treeasthe root of
thelayout.

The rst alternatve hasthe major disadwantagethat the
quality of the layout of the pseudo-rootnay be poorwhen
takenonits own, asthelayoutalgorithmoptimisesthe lay-
out of the overall tree. For example,the pseudo-roomay
have an extremeaspectratio (comparedo the desiredas-
pectratio), becausdhe inclusionlayoutalgorithmhasop-
timisedthelayoutsothatthe overalltreehasa goodaspect
ratio.

The secondalternative hasthe disadwantagethat when
the pseudo-roots usedastheroottheresultinglayoutmay
be quite differentfrom previous layouts,resultingin large
layoutchangesvhenzoomingin. However, the animation
usedhelpsto alleviate this problemsomevhat, andthe ad-
vantageof having anoptimallayoutfar outweighshis dis-
adwantagelt alsomakessensedo usethe pseudo-rooasthe
root of the layout computationasit is the root of whatthe
usercansee.For thesereason®ur systemusesthe pseudo-
rootastheroot of thelayoutcomputations.

3.4 Animation

An animationexists for eachtype of operationthatcan
be performed,aswell asfor layoutupdates.Expandingis
performedby linearly interpolatingthesizeof thecollapsed
nodebetweenits original collapsedsize andits expanded
size, followed by drawing the child nodes. Collapsingis
similar, the expandednodes childrenareremovedandthe
sizeof the nodeis thenlinearly interpolatedo its original
collapsedsize. In bothcaseschangesn nodesizesaffects
othernodessuchthatno occlusionsoccut, for example,as
anodeis expandedts ancestonodesarealsoexpandedas
necessaryA usefulimprovementwould beto scalethesize
of the nodewhilst it wasexpandedandits childrenvisible,
however technicallimitations preventedsuchan animation
in this earlywork. Zoomingin andoutis simply achieved
by linearly interpolatingthe clipping rectangleof the dis-
play betweertheold pseudo-rooandthe new one.

Adjusting the layoutrequireschangingthe arrangement
of one or more nodesfrom horizontalto vertical, or vice-
versa. This is achieved by “rotating” the children nodes

Figure 9. Rotating the child nodes to changea
node arrang ement from vertical to horizontal.

aboutthe centerof the nodein question,asillustratedin
Figure9. Figure10 illustratesthe threedifferenttypesof
rotationour systemuses:

1. linear, whichsimplylinearly interpolateghepositions
of the childrenfrom their initial locationto their nal
location,

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

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

Linearandcirculararesubjectto occlusionshetweermov-
ing siblings,althoughcircularis notasproneto it. Orthogo-
nalrequireghe nodedo traversealongerdistanceandcan
causethe size of the nodeto increaseconsiderablyduring
the animation,but it hasthe advantageof avoiding occlu-
sionsaltogether Someavhat surprisingly whenocclusions
do occur, they don't appearto be a major hindranceto fol-
lowing theactionof thenodes.

The video accompaying this paper[16] shavs the ani-
mationsusedby the systemon the Mine PumpDBT from
Figure 7. It shavs a navigation throughthe DBT, illus-
trating the main featuresof the smoothstructuralzooming
system. The compressedersionof the Mine PumpDBT
from Figure8 is notusedasit is notdeepenoughto exhibit
zoomingin. Thedetailmeasureiseds thenumberof nodes
present,again, this is to shav the zoomingin operation.
This detailmeasuréasthe side-efect 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) circular and (c) orthogonal. The node
is moved from its original position to its nal
position along one of the indicated paths.

closedimmediatelyafter being openedin the video, how-
ever this occursmuchlessfrequentlywhenthe moreusual
numberof leaf andcollapsechodesdetailmeasurés used.

3.5 Imageagallery

We now presentinimagegalleryshowving theeffectsand
resultsof the main operationof the system.In additionto
shaving the actionsof the system,theseimagesalso re-
inforce how valuablethe animationis in smoaothstructural
zooming. When*“jumping” directly from oneimageto the
next (aswould be the caseif animationwere not present),
considerablehoughtand explanationis requiredto deter
mine the changeghat have taken place. However when
viewing the accompaying video [16] it is mucheasierto
follow thechangedeingperformedon thetree.

Figure11 shaws the effect of expandingtheright of the
two bottom-mostollapsedhodes We rst obsenethatthe
layouthaschangedsuchthatthe large expandedsectionis
now laid out vertically approximatelyin the centreof the
visualization,andits sibling is alsonow laid out vertically
onits right. In addition,we noticethatthelarge expanded
sectionin the upperright areapreviously hadno collapsed
nodesbut now has4 collapsednodes.Both displayshave
asimilar numberof nodesandthelayouthasheenupdated
in orderto keepthe new displayfrom becomingarger.

Figure 12 shaws the effect of expandingthe left-most
collapsednode. In this case the nodeexpandsto reveal 6
children,laid out vertically. However, the expandednodes
on theright handside have hadto collapseconsiderablyin
orderto make sufcient spacefor this. The right expanded
nodehas collapsedcompletely whilst the children of the
left one have collapsed,andits arrangemenhaschanged
from horizontalto vertical. Again, the displaysare similar
in detailandsize.

Figure 13 shaws the effect of zoominginto the visual-
ization. Figure 13(a) shavs what the visualizationwould
look like if zoomingin wasnot usedasa responsewhile
Figure 13(b) shaws the actualvisualizationobtainedwith
zoomingin enabled. We obsene that there are less on-
screemodesandthosepresentirelarger, moreeasilyread-
ableandcloserto the centralnodewhich wasexpandedIn
addition,thelayoutof thenodecontaining4 childrenis hor-
izontalratherthanvertical,whichis dueto thelayoutbeing
computednly insidethepseudo-roohode ratherthanover
theentiretree.

4  Futurework

This paperdescribesnitial work into smoothstructural
zooming,a new paradigmfor Focus+ Context display of
relationaldata. Therearemary enhancemen@ndandcon-
tinuationsof thiswork whichwe arecurrentlyinvestigating;
someof themoreinterestingandpromisingarepresentedh
this section.

4.1 Layout style and algorithm independance

The currentsystemis heaily basedon the MILP dy-
namic programmingalgorithm,in particularthe layout re-
arranginganimationsonly work for h-v layouts. It would
be very usefulif ananimationsystemcould be developed
whichwasindependanof the particularstyle of layoutand
algorithmbeingused. This would allow muchmore e xi-
ble algorithms suchas|[7], to beused.Smoothlyanimating
betweerarbitrarylayoutsis non-trivial, althoughthe graph
animationtechniquespresentedn [6] are expectedto be
useful.

The currentanimationtechniquesalso don't allow for
thepossibilityof changinghe orderof thenodeswithin the
horizontalor verticallayout. It is expectedhatresultsfrom
the areaof sorting algorithm animationwill be useful for
this.

4.2 Clusteredgraphs

Clusteredgraphsare a particulartype of graphwhich
additionally have a clusterhierarchytree imposedon the



(a) Before (b) After

Figure 11. Expanding the right of the two bottom-most collapsed nodes.

(a) Before (b) After

Figure 12. Expanding the left-most collapsed node .

(a)No zoomin (b) Zoomin

Figure 13. The effect of zooming in.



nodes.They aregenerallydrawvn with clustersof nodesin-
sidetheir parentnode similarly to theinclusiontreelayout,
with edgesbetweenthe nodesroutedby meansof a clus-
teredgraphdrawing algorithm. At a simplistic level, they
arethe sameasinclusiontreelayouts,with the additionof
edgeshetweennodes. As a result, extendingthis smooth
structuralzoomingtechniqueto clusterecgraphswould al-
low mary moretypesof diversedatato be used.

4.3 Layout stability

Sometimeavhenexpandingnodes(suchasa setof sib-
lings of similar size),the layout algorithmchangeghe ar-
rangemenbf a fairly high level nodeback and forth be-
tweenhorizontalandvertical,which canbeverydistracting
anddisruptive to the users mentalmap construction.Pos-
sible solutionsinclude allowing the layout to only change
on screeroncethe quality of thelayoutis substantiallym-
proved,ratherthanmaminally improved;or usinga layout
sizemeasuravhich incorporateshesizeof the currentlay-
out, allowing the notion of the“optimal” layoutto be mod-
ulatedby candidatdayout's similarity to the currentlayout
(eitherin termsof the h-v arrangementef nodesor dimen-
sionsof thenodes).

4.4 Initial expansion

Currently theinitial displaypresentedo theuseris sim-
ply theroot nodein expandedorm. Thisis becauselearly
theuserwill alwayswantto navigateinto therootnode,and
so presentinghe root nodein collapsedform is unneces-
sary However, a bettersystemwould beto initially expand
thetreeasmuchaspossible Thatis, performabreadthrst
search(BFS) on the tree,expandingnodeswhile the detall
is nottoo large. The usershouldnot seethis expansionoc-
curing, giving the usera betterideaof whatthetreeis like
whenthey initially loadit, ratherthanhaving to manually
explorethenodesneartheroot. The BFS may be suchthat
eachlayeris expandedsimultaneouslythatis, layersof the
treearenever partially expanded)andthe BFS stopswhen
the expansionof a layer would causethe detail to be too
high; or elseit may be suchthat nodesare expandedin-
dividually, stoppingonly whenexpandingarny nodewould
causethe detail to be too high. Figure 14 shavs an exam-
ple of thedifferencebetweeronly expandingtherootnode,
whichgivespoorinitial userorientation andexpandingser-
erallevels (in this case,aimingto have 10 leavespresent),
giving the usera betteridea of the structureof the treein
thelevelscloseto theroot.

4.5 Mousecursor warping

Whenthe useris navigatingthroughthe tree,they must
often“chase’nodeswith themouseasthe nodesmove with

(& Only
the root
expanded

(b) Severallevels expanded

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



layout changes. For example,when the userclicks on a

nodeto expandit, if thenodemovesawayfromitsinitial po-

sition thenthe usermay no longerbe pointing at thatnode,
eventhoughthey have not movedthe mouseandare prob-

ably still interestedn thatnode(asit wasjust expanded).
It would begoodif the systemcould“warp” thepositionof

the mousecursorso thatit followed the movementof the

nodeto its nal position. The transformationsappliedto

eachnodein thedisplaycouldalsobe appliedto themouse
cursor causingthe mouseto move along with the nodes,
keepingthe samerelative positionto the nodes. The user
shouldstill be ableto move the mousewhile this is occur

ing, althoughthis maybeproblematiaf theuseris required
to“ ght” thesystems movementof themouse.

5 Conclusion

We have presentec new paradigmfor Focus+ Context
calledsmoothstructuralzooming,andanapplicationof it to
horizontal-\ertical (h-v) inclusiontreelayouts(in the con-
text of DesignBehaviour Trees). This paradigmallows the
level of detail shavn in differentregions of the visualiza-
tion to be varied by summarisingor abstractingthe data,
ratherthangeometricallydistortingthe visualizationor us-
ing rapidzoomingto make obscuredegionsquickly acces-
sible. It hastheability to navigateandexploredatatoolarge
to be fully displayedwhilst maintainingan approximately
constantevel of visualcompleity, goodvisualizationaes-
theticsand preseration of the users mentalmap through
animation. Although our inclusiontree layout application
is currentlyspeci c to h-v layouts,it canbe generalisedo
arbitrarylayout stylesand algorithms,andto other hierar
chical datastructuresandrelationalinformation, mostno-
tably clusteredgraphs.
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