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Abstract

This paper proposesa new techniqueto visualizede-
pendencieamongcellsin a spreadsheet.In this way, the
systenfirstly visualizesa spreadsheebn a planein three-
dimensionalspace and draws arcs betweeninterrelated
cells. By allowing a userto selectan arbitrary cell and ift
it up with directmanipulation,the systenutilizesthe third
dimensionto ameliomate visual occlusionof crossingarcs.
Asthe userlifts a focusedcell up, theinterrelatedcells are
lifted up together; thushiddendataflownetworkscanbevi-
sually intelligible interactively Becausespreadsheetsre
aimedat calculationitself ratherthan appeaancesof out-
puts,their medanismis relativelyinvisibleandnotobvious
for ordinary uses. Our visualizationhelpssud uses to
undestandstructuesand metanismof spreadsheets.
Keywords: informationvisualization,3D userinterfaces,
spreadsheetdnter-cell dependenciedifting-up opemtion,
NattoView

1. Intr oduction

Spreadsheetare indispensablepplicationsoftware in
our everydaywork. They helpuserscalculatenumberghat
are interrelatedsuch as balancesheets. A spreadsheds
organizedasamatrixof cellsarrangedn rowsandcolumns,
andthevalueof a cell canbe computedautomaticallyasa
functionof thevaluesof othercells.

In addition, spreadsheds consideredne of the most
popularprogrammingnterfaces.The metaphorof afinan-
cial spreadsheds simple but enoughpowerful for practi-
cal calculation.Calculationprocessesareautomaticallyor-
deredby their dependenciesso, unlike programmingan-
guagespsersareusually not botheredby suchcalculation
procedures.

However, mary peoplehardly utilize eventhe basicfea-
tures.Althoughordinarypeoplemightusevariouscommer
cial templatesthey arenot goodat programmingheir own
sheets.Indeed,you canfind office workerswho addnum-
berswith pocket calculatorsandenterthe only resultsinto

spreadsheetsn their computers.

As areasonof this, spreadsheetrerelatively invisible
software amongoffice applications. Word processorsand
presentatiortools are aimedat appearancesf outputin-
formation, but spreadsheetare aimedat calculationitself
ratherthanappearancessothe processingutlinesarenot
obviousfor ordinaryusers.

Thereforeyisualizingdependenciesf spreadsheetells
is helpfulfor usergo intuitively understandhe mechanism.
Furthermoreat will make the programminganddehugging
of spreadsheetmuch easierwork. When usersbecome
ableto seeandlearndependenciesf their sheetsthey will
understandhe true benefitof spreadsheetsnd might take
away their paclet calculators.

In this paper we proposea new visualization tech-
nique for inter-cell dependenciesf spreadsheet®s three-
dimensionakomputergraphics.The visualizationfeatures
theinteractve lifting-up operation.Becauseanappearance
of a spreadsheds a two-dimensionatable, the third di-
mensions remainingandcanbe utilized for displayingad-
ditional informationsuchasdependencies.

2.The Basicldea

2.1 Numbers, Formulae, and Dependencies

In a spreadsheetachcell cancontainnot only a num-
berbut alsoaformulafor calculatingthe number Although
ary corventionalspreadsheethaws a single formula of a
focusedcell, this featureinsufficiently useful for usersto
understanéndprogramentirespreadsheeadtructures Cer
tain softwarecanshav alsoformulaeof all cellssimultane-
ously However, suchoperationis often little intuitive and
screensretoo smallto displayall of theformulae.

Furthermoreformulaederive thealsoinvisible informa-
tion of inter-cell dependencie€achsingleformulacantell
userswvhatcellsit is affectedfrom, but cannottell whatcells
it affectsto. Thelatteris sometimesnoreimportanthanthe
former, for exampledeluggingexisting sheets.Thus,even
skillful usersmight not comprehenduchdependenciem-
tuitively.



2.2 Implicit Graph of Dependencies

Inter-cell dependencie®f spreadsheetsan be repre-
sentedasdirectedgraphstructuresso they may be dravn
in graphicaldiagramssuchassimplenetwork diagrams.In-
deed,certainsoftware candraw inter-cell dependencieas
arrovs betweencells on spreadsheef$, 11]. Figurel de-
pictsanexampleof suchdependengvisualization.

To visualizegraphsmary techniquesave beenalready
proposed1]. Thosetechniquesptimizelayoutsof nodes
andarcson two-dimensionaplanes,for examplephysical
springmodels.However, we shouldnot usesuchgraphvi-
sualizationtechniquessthey are,becausehosevisualiza-
tionsyield newv diagramswith muchdifferentappearances
from original spreadsheetandsuchdiagramsarenot help-
ful for ordinaryusers.

Thus,we proposeathree-dimensionalisualizationwith
interactive techniquego showv graphsof spreadsheetdtruc-
tures. Although visualizationsbasedon two-dimensional
diagramscannotmaintain two-dimensionalayouts of in-
formation, now, we canutilize the remainingthird dimen-
sion for the samepurpose. Moreover, researchingnto
moretechniquedor interactive analysigs requiredin three-
dimensionalnformationvisualization[7].

2.3 The Natto View

Before describingour spreadsheetisualization,let us
introducethe Natto View visualizationsystem[14, 13|, an
interactve WWW spacevisualizer The Natto View fea-
turesthelifting-up operationto amelioratevisualocclusion
of evenill arrangedgraphs.As a userlifts a focusednode
up, the nodesto which it links arelifted up together thus
comple networks canbe untanglednteractvely.

Thelifting-up operatiorspatiallyseparateselatedinfor-
mationfrom otherswithout concerninginitial information
layouts. Therefore,the lifting-up operationprovidesboth
layout independencand spatial reflection of information
relationship,thoughthesetwo have beenconsideredcon-
trastingfeatures.

TheNattoView propose®ffective utilization of thethird
dimension: drawing diagramsin two dimensionsand re-
minding the third dimensionfor interactize manipulation.
We think this conceptiorhasa possibility of enhancemary
traditionalchartsanddiagramsn two dimensions.
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Figure 1. The conventional visualization.

3. 3D Spreadsheetisualization
3.1 DependencyVisualization

We proposea setof techniquesSpreadshed¥latto View
that draws a spreadsheein three-dimensionaspaceand
utilizes generatedspaceabove the sheet. In this way,
two-dimensionatell coordinatesremaintainedalwaysthe
samelayouts as two-dimensionalspreadsheetsand each
cell now canhave anew parametepf height.

The systeminitially drawvs a spreadsheetn a planein
three-dimensionajraphicsandshavs eachdependengcas
anarcin form of anarchbridging betweena referringcell
andthe correspondingeferredcell. Eacharchis dravn in
color with gradationsignifying its directioninsteadof an
arrovhead.Eacharchis alsodravn in translucento reduce
visualocclusioncausedy crossingarcs.

3.2 Interactive Lifting-up Operation

Thelifting-up operatioris themostcharacteristiéeature
of interactve visualizationsystems.As the userlifts a fo-
cusedcell up, its relatedcells are lifted up together;thus
complicateddataflav networks areuntangleddynamically
Figure 2 illustrateshow the lifting-up operationis effec-
tive to view over andinvestigateheinformationstructures.
Userscan interactizely constructthe customizedviews of
inter-cell dependencieom variousdesirableviewpoints.

Explainingin the algorithm,if acell is lifted upto level
z, its relatedcells are lifted up to level = — 1 andothers
relatedby following onesareto z — 2, andthenthis process
is continuedrepeatedlyuntil cellsin level 0. The numberof
lifting stepss theoreticallyunlimited.

In this way, the third dimensionor z-axisis givenarole
of indicatingcell’'sdegreeof interestDOI), thatis, themore
interestingthe cell is, the higherit is placedand thusthe
morevisibleits neighborsare.Whenusersvantto know de-
tailed informationaroundthe focusedcells, they may pick
andlift thecellsup higherandhigher thentheinformation
nearbythe first cells becomesvery intelligible. This ap-
propriatesemantidor the third dimensionoffers usersless
confusionthanarbitrarythree-dimensionadperations.

Thesystemprovidesthreedifferentlifting-up operations
accordingto threedifferentinter-cell relationships:refer
ring (back-flav), referred(flow) andboth. In caseof the
referringmode,whena userlift a cell up, the cellsthatit
refersarelifted up togetherthatis, lifting-up processeare
traversedin a back-flav order On the otherhand,in the
referredmode,or flow mode,the cells that arereferredby
thefocusedcell arelifted up together

3.3 Dataflow Diagrams above SpreadsheefTables

The three-dimensionalisualizationalso enablesdraw-
ing formulaenearbythe correspondingells. The system
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Figure 2. The lifting-up operation:

draws formulae nearly beneaththe corresponding:ells as
long asthe cells are lifted up, for lifted cells are consid-
eredinterestingfor users.Thereforeuserscanselectwhich
cells draw formulaeaccordingto their relationships.This
methodbrings lessvisual occlusionthan two-dimensional
display which do not provided suchsemanticselectionof
viewableformulae.

Viewing the samevisualizationfrom side,userscansee
a kind of dataflav diagramsconcerninginterestingcells,
S0 userscan easierunderstandspreadsheetiataflav than
parallel display of the original spreadsheetand different
dataflav diagrams(Figure 3). In addition, if the system
findsary formulaethatreferto blankcells,it warnsusersof
illegal referencesvith changingtheir colors(Color Plate).

3.4 Platform and Utilized Software

We have developedthe systemby muchmodifying slsc,
afree spreadsheetoftwarefor UNIX, with usingOpenGL
API for three-dimensionagraphics. In the currentproto-
type,whenauserinputdatainto theoriginal text-basedslsc

In this example , as the user lifts the cell H14 up successivel vy, the
cell H13 on whic h H14 depends follows, and so on.

interface, the systemsynchronouslyefreshalsothe addi-
tional three-dimensionatiew.

4. Related Work
4.1 SpreadsheeWisualizations

Microsoft Excel [11] candraw arravs accordinginter
cell dependenciegndasimilarexampleis foundin Chans
work [5]. However, thesetechniqueshave fundamental
problemsof graphdrawing asdescribedn Section2.2.

Igarashiand others have applied a conceptof Fluid
UserlInterfaces[8] to visualizespreadsheedtructureswith
dataflav animation and mouse-pointeaware indication.
Although their techniquesare innovative and suitablefor
someauditing, they do not supportstatic visualizationof
dataflav diagramsanddisplayof formulaethemseles.

At leastonethree-dimensionadpreadsheedtore/s [12]
is releasedas a commercialproduct. Storgss featuresthe
three-dimensionalatastructurein row, column,andlayer
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Figure 3. Users can investigate dependencies
between even distant cells.

coordinates. It doesnot supportreal three-dimensional
graphicsandvisualizationof inter-cell dependencies.
Therealsoexist someresearchesn new applicationsof
the spreadshegtrinciples[6, 9], thoughthesetechniques
donotintendto augmenbasicspreadsheénterfaces.

4.2 3D Visualizationsand Interaction

Many three-dimensiondhformation[3, 10] provide fo-
cus+contgt stratgy with the perspectie techniquefor
usergo approachheirinterestingdatain informationspace.
However, the perspectie projection should keep a view
compatiblewith the natural humansense,so it is diffi-
cult to freely control visual sizesof informationlike two-
dimensionahonlinearzoomingtechniques.

We have proposedhe way that usesthe visual variable
of position, or height. Becauseheightis quantitatve and
suchoperationcauseso disappearancef nodesuserscan
controlnodeheightsroughlyin proportionto theirinterest.

JamesWen haspointedout us that he proposedhe al-
mostsameideato thelifting-up operationn 1992,andim-
plementeda simple prototypeof a graphvisualizationsys-
tem[15]. He presentedhe basicprincipleswherebythree-
dimensionalgraphicsis usedto extend two-dimensional
graphicdn anorthogonaimannettherebyopeningup anew
channebf information.

Carpendaleand othersexploited the three-dimensional
pliablesurfaceq4] to construcflexible distortion-basedi-
sualizationin two dimensions.In VR-VIBE [2], Benford
andothersproposeda kind of picking or stretchingopera-
tion in threedimensions.Userscan explore the resultsof
applyingseveral simultaneousjueriesto a corpusof docu-
mentsin atriangularpyramid.

5. Conclusion

In this paper we have presenteda new setof three-
dimensionaltechniquesfor spreadsheetisualizationfea-
turing the interactive lifting-up operation. This provides

userswith sufficient visibility of inter-cell dependenciesf
spreadsheets orderto copewith users’insufficient com-
prehensiomndlittle confusionof thespreadshedtinctions.

By utilizing the visualvariableof heightinsteadof size,
the lifting-up operationenablesboth to maintain original
matrix layoutandto control views accordingto users’de-
greesof interest. Thus, our spreadsheetisualizationsug-
geststhat the lifting-up operationcan re-visualizeexisting
two-dimensionalisualizationsmore intelligible with less
occlusion.
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Figure 4. Color Plate: The lifting-up operation and warning of deadlinks



