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Abstract

Theabundanceof hierarchicallystructuredinformationhasleadto thedevelopmentof numerous
techniquesto visualiseinformationhierarchies.However, many of thesetechniques,while visually
appealing,do not scalewell to very largehierarchies.

This thesispresentsthe Java PyramidsExplorer, which combinesa compactthree-dimensional
informationpyramidsvisualisationwith aconventionaltreebrowser, allowing usersto rapidlyexplore
even largeheirarchies.Written in pureJava, theJava PyramidsExploreris portableacrossmultiple
platforms.





Kurzfassung

Hierarchienwerdensehroft dazuverwendetInformationenzustrukturierenundzugliedern.Aus
diesemGrundwurdenzahlreicheTechnologienentwickelt umdiesehierarchischstrukturiertenInfor-
mationendarzustellen.Obwohl viele dieserTechnologienansprechendeVisualisierungenermögli-
chensindsiefür sehrgroßeHierarchienschlechtgeeignet.

In dieserDiplomarbeitwird derJava PyramidsExplorer, ein neuerAnsatzHierarchienzu visua-
lisieren,beschrieben.Der Java PyramidsExplorerverkn̈upft die kompaktedreidimensionaleVisua-
lisierungvon InformationsPyramidenmit einerherk̈ommlichenBaumstrukturunderlaubtesselbst
sehrgroßeHierarchienzu erkunden. Die Verwendungvon reinemJava machtdenJava Pyramids
Explorerportabelfür vielePlatformen.





I herebycertify that thework presentedin this thesisis myownandthatwork performedby others is
appropriatelycited.

Ich versichere hiermit, dieseArbeit selbsẗandig verfaßt,andere als die angegebenenQuellenund
Hilfsmittel nicht benutztundmich auch sonstkeinerunerlaubtenHilfsmittelbedientzuhaben.
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Chapter 1

Intr oduction

This thesisis goingto describetheJava PyramidsExplorerwhich is anapplicationthatcanbeused
to visualiseandexplorehierarchies.TheJavaPyramidsExplorerusesa techniquecalledInformation
Pyramidsto visualisethehierarchicallystructuredinformationin 3D.Thistechniqueispatentpending
by Hyperwave Inc. [Hyp] andwasintroducedfirst at IEEEVisualisation97 [AWP97].

Thenext chapter, Chapter2, introducestechniqueswhich have beendevelopedto visualisehier-
archies.Most of themweredesignedto visualisevery large hierarchiescompactly. Someof these
techniquesuse2D graphicsto display the hierarchy. Tree views, Tree-Mapsand the hyperbolic
browseraresuch2D techniques.Several3D visualisationtechniques,likeConeTrees,areintroduced
andexplainedin moredetail. The File SystemNavigator which usesa landscapemetaphoranda
2.5-dimensionaltechniquecalledMAPA arealsodescribed.

Chapter3 describestheprogramminglanguageandthe librariesthathave beenusedto develop
the Java PyramidsExplorerapplication. The first part of this chaptergivesa brief introductionto
theJava programminglanguageandits strengthwhendevelopinggraphicaluserinterfaces.Thenext
sectionsdescribetheclasslibrariesAbstractWindow Toolkit andSwing.Theselibrarieswereusedto
developthegraphicaluserinterface.TheJava2D API is usedto draw thegraphicsof theInformation
Pyramidandit is describedin this chapter, too. Thechaptercloseswith a discussionof Java 3D and
Java OpenGL.

TheInformationPyramidstechniqueis explainedin Chapter4. Thepurposeandtheadvantages
of this techniquearediscussedandthedevelopedvisualisationmethodis described.It is introduced
how thehierarchytogetherwith additionalattributesof thedisplayedinformationcanbevisualised.
The possiblemethodsto explore the displayedinformationand to navigate throughthe visualised
landscapeareexplained.Two applicationswhichimplementtheInformationPyramidstechnique,the
3D Explorerandthe3D Explorerfor VRML, areintroducedin thelastpartof thechapter.

Chapter5 introducesthe new conceptsbehindthe Java PyramidsExplorer. Firstly, the disad-
vantagesof the previous implementationsof the InformationPyramidstechniquearelisted andthe
improvementsof the new approachesareexplained. The main improvementsof the Java Pyramids
Explorerarethecombinationof differentvisualisationtechniques,the improved displayof the tex-
tual descriptionsof thenodesin thehierarchy, theusageof a platform-independent graphicslibrary,
andtheintroductionof exchangeablelayoutmanagers.Secondly, thechoiceof views to visualisethe
hierarchicallystructuredinformationareintroduced.TheJava PyramidsExplorerdisplaysthehier-
archyin a treeview, a childrenlist, anda pyramidview. Eachof thesedifferentviews arediscussed
in detail. Finally, the navigationalpossibilitiesandtheprovided navigationalaidsareexplained. It
is describedhow theusercannavigatethroughthehierarchy, how differentpartscanbeexpandedor
collapsed,andhow theusercanfocusonparticularsubtreesof thevisualisation.

1



2 CHAPTER1. INTRODUCTION

Selecteddetailsof the implementationof the Java PyramidsExplorer can be found in Chap-
ter 6. The applicationwasdevelopedusingobject-orientedtechniquesandthe classhierarchyand
particularly thoseclassesthat are importantto understandthe conceptsbehindthe implementation
aredescribedin detail. Furthermorethevisualisationmethodsareintroducedandtheenhancements
to theInformationPyramidsvisualisationareexplained.As theJava PyramidsExplorerdisplaysthe
pyramidin simulated3D themethodsthatareusedto draw thepyramidview arealsointroduced.

Finally, Chapter7 discussescurrenttrends,describeswork in progress,andoutlinessomeideas
for futureextensionsandresearch.

AppendixA is a userguideto theJava PyramidsExplorerapplication.It describesthehardware
andsoftwareprerequisitesandthestepsneededto install andrun theprogram.Thedifferentpartsof
theapplicationwindow aredescribedaswell asthemenuitemsin themenubarandthetool bar. The
appendixalsoexplainsthenavigationalpossibilitiesandaidsprovidedby theapplication.



Chapter 2

Techniquesfor Visualising Lar ge
Hierar chies

2.1 Moti vation for VisualisingHierar chies

In theearlydaysof softwaredevelopmentmuchresearchwasdoneto improve theperformanceand
reliability of softwareandthesoftwaredevelopmentprocess.Softwaredevelopershadto solve many
problemsandopenquestionsandthe usability of their softwarewasnot so important. This led to
productswith inconsistentandunintuitive userinterfacesandusershaving to learnhow to work with
eachnew product.

As moreandmoreusersbeganto work with computers,hardwareandsoftwaredevelopersbegan
to think abouthow userswork with their products.A new field, calledHumanComputerInteraction
(HCI), emerged.HCI addresseshow userinterfacesshouldlook sothatthey aresimpleandintuitive
to use. During the last few yearstherehave beenmany publicationsin this field andhardwareand
softwaredevelopershave begunto realisetheimportanceof HCI.

Todaymuchresearchis beingdoneconcerningthedesignof graphicaluserinterfacesandthevi-
sualisationof information[Shn97] [DFAB98] [CMS99]. Therapidlygrowing amountof information
thatis beingprocessedby computersrequiresnew techniquesto efficiently visualisethis information.
As an example,the World Wide Web (WWW) grows every day by thousandsof new web pages.
Consideringthesewebpagesto bepiecesof information,visualisationtechniques,like a simplelist
of all of thesepages,would fail to beunderstandableandeasilycomprehensible.In this context one
canspeakof informationoverload.

An oftenusedtechniqueto structureandorganiseinformationis a hierarchy. Examplesof hier-
archieswouldbethehierarchicalorganisationof employeesin a company or thefiles anddirectories
storedon a harddisk in a computer. Due to informationoverload,hierarchiesarebecominglarger
andlarger. Even the harddisk of an ordinaryhomePC containsthousandsof files. Thereforeit is
animportantquestionhow hierarchiesshouldbevisualised.Traditionalvisualisationtechniques,like
outlinesor treediagrams,arenot ideal for visualisinglargehierarchies.Many old andnew methods
areperfectfor visualisingsmall,compacthierarchies.Smallhierarchieswhich canbedrawn on one
sheetof paperor onepageon a computerscreen,canbevisualisedproperly. If thehierarchyis too
large to fit on onepageandtheuserhasto scroll to seethewholehierarchy, maybeevenover more
thanonepage,thevisualisationmethodfails to besimpleandunderstandable.

Methodshave beendevelopedto visualisevery large hierarchieswith even hundredsor thou-
sandsof nodes.Someof thesemethodsusetwo-dimensionalvisualisationsandsomeof themthree-
dimensional.As thegraphicalcapabilitiesof personalcomputersimprove,three-dimensionalvisuali-

3



4 CHAPTER2. TECHNIQUESFORVISUALISING LARGE HIERARCHIES

sationsaregainingin importance.Userscanwearshutterglassesor headmounteddisplaysto explore
virtual worldsandinteractwith objectsin thesevirtual environments.Within thesethree-dimensional
worldsa two-dimensionalvisualisationof ahierarchydoesnotseemto beappropriate.In additionto
thesenew visualisationssomemethodsalsovisualiseotherattributesof theinformationtogetherwith
thehierarchy. For exampletheHarmony InformationLandscapevisualisesdifferentdocumenttypes
with differentcoloursor shapes.

Attributeswhichmight bevisualisedinclude:

� typeof information

� quantityof information

� quality of information

� ageof information

� ownerof information

The remainingpart of this chaptergivesa short introductionto someof the visualisationtech-
niques,two-dimensionalandthree-dimensional,whichhave beendevelopedto visualisehierarchies.

2.2 TreeViews

Treeviewsuseanoutlinemethodto visualisehierarchies.They aresimpleto implementandcanalso
beusedin text basedsystems.Usually, if theuserstartsto work with a tree,not all subtreesof the
hierarchyareexpanded.Theusercannavigatethroughthetreeby expandingandcollapsingsubtrees.
Thatmeanstheusercandecidehow deeplyor broadlythehierarchyshouldbedisplayed.

By openingsubtreesthe displayedpart of the hierarchygrows both in the vertical andthe hor-
izontal direction. If thereis not enoughspaceto displayall information,scrollbarsareusedto be
able to scroll throughthe displayedparts. However, this is alsoan importantdisadvantageof this
visualisationtechnique.Theuserdoesnotgetagoodoverview of thestructureof theentirehierarchy
becauseof theexpanding,collapsing,andscrolling.

Nowadaysmostgraphicaluserinterfaces,like the X-Windows basedwindow managersor Mi-
crosoftWindows (seeFigure2.1),provide treeviews asstandardgraphicalcomponents.Many appli-
cationsusethesestandardcomponentsandthereforeit is easyfor usersto work with trees.Swing,a
new classlibrary for Java1, providesa treecomponentthatcandisplayall kind of multimediainfor-
mationlike text, graphics,animations,etc(seeFigure2.2).

1Java is anobject-orientedprogramminglanguagedevelopedby SUNMicrosystems.
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Figure2.1: TheExplorerof MicrosoftWindows.
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Figure2.2: An exampleof thetreecomponentof theSwingpackage.
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Figure2.3: An exampleof a hierarchyandthecorrespondingTree-Map.Thenumbersindicatethe
sizesof thenodesandthesizeof aninnernodeis thesumof its children.

2.3 Tree-Maps

Tree-Maps,asdescribedin [JS91], arean interactive visualisationmethodwhich maphierarchical
informationto arectangulartwo-dimensionaldisplay. This is donein aspace-fillingmanner, meaning
that100%of thedisplayspaceis used.Hierarchicalstructurescontainstructuralinformationwhich
is associatedwith the hierarchyandcontentinformationwhich is associatedwith eachtreenode.
Tree-Mapscanvisualisebothkindsof information.

In orderto visualisethestructureof a hierarchy, theTree-Mapsmethodassignsmoreimportant
information more display space. Eachnodein the hierarchyis assigneda weight. The usercan
selectbetweendifferenttypesof weight,dependingon thetypeof informationbeingdisplayed(e.g.
disk usage,if a directorytreeis displayed),aswell asothervisualisationproperties(e.g. coloursof
differenttypesof nodes).To bemeaningfulto theuser, thesizeof anodeis proportionalto its weight.

The displayspaceis partitionedinto rectangularboundingboxesto representthe treestructure.
Eachnodein the tree is representedby a rectangle. The childrenof a nodearedrawn within the
rectangleof their parent.To use100%of thedisplayspace,thereis no borderarounda node. The
sizeof a child nodewithin the rectangularboundaryof its parentis proportionalto its weight (see
Figure2.3).

Tree-Mapsusea recursive drawing algorithmandthe drawing is donebackto front. A parent
nodeis drawn beforeits childrennodes.After eachlevel of thehierarchy, thepartitioningdirection
changesfrom verticalto horizontalor viceversa.Thetimeto calculateanddraw aTree-Mapis O(n).

Tree-Mapsprovide a goodoverview of a hierarchy. However, hierarchieswith many leaf nodes
leadto visualisationswith very smallrectangles.Thereforetheuserhasonly a roughbut no detailed
overview. Thepossibility to zoominto regionswith smallnodescanhelpto solve this problem(see
Figure2.4).
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Figure2.4: TheTreeViz applicationdisplayingafile system.
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2.4 Hyperbolic Browser

The hyperbolicbrowser [LRP95] usesa focus+context techniquefor visualisingandmanipulating
largehierarchies.Focus+context meansthattheentirehierarchycanbeseenascontext while focusing
on particularpartsof the hierarchy. The relationshipbetweenthe focusedpartandthe hierarchyis
visible. Thehyperbolicbrowsertechniqueis patentedby XeroxCorporation[LR97].

Thehierarchyis laid out on a hyperbolicplane(seeFigure2.5) andthis planeis mappedontoa
circulardisplayspace.Thehyperbolicplanehastheadvantagethatit is anon-Euclideangeometryin
whichthecircumferenceof acirclegrowsexponentiallywith its radius.Theconnectionto hierarchies
is that hierarchiesalsotendto grow exponentiallywith depth. Thereforeif you want to visualisea
hierarchyin hyperbolicspace,youhaveapproximatelythesamespaceavailablefor parents,children
and siblings everywherein the hierarchy. To layout a node,a wedgeof the hyperbolicplane is
assignedto it. Thewedgeanglesout from thenode.The layout is donerecursively andevery node
placesits descendantsin theassignedwedge.

For display, the hyperbolicplanehasto be mappedto a two-dimensionalplane. A conformal
mapping,calledthePoincaŕe model,is used.A conformalmappingpreservesanglesbut linesin the
hyperbolicplanearearcsin theunit disc.

Initially the root of the hierarchyis displayedat the centreof the displayspace.The focuscan
be changedeitherby clicking on any visible point, bringing thepoint to thecentre,or by dragging
any point of thevisualisationto any otherposition.Animatedtransitionsareusedto helptheuserto
understandthe changesacrossdifferentviews. The layout of the hierarchyis only performedonce
evenif thefocuschanges.This is possiblebecausea rigid transformationis usedto performchange
of focus.

2.5 Cheops

Cheops[BPV96] is anapproachto visualiseevenhugehierarchieswith millions of nodes.Theidea
behindthe Cheopsmethodis to compressthe simpletreevisualisationasshown in Figure2.8. A
nodein thehierarchyis visualisedasa triangle.

If a hierarchyis visualisedusinga simpletreeview visualisation,muchspaceis wasted.If the
hierarchyis very deep,the treeview becomesvery wide andtheavailabledisplayspaceis not well
used. Cheopstakes careof this problemby compressingthe tree view. This is doneusing two
techniques;thetrianglesaredrawn overlappingandthis reducesthespaceneededbetweensiblings,
and one triangle is reusedto display the information of more than onenodewithin a level in the
hierarchy. These“overloaded”trianglesbecomeunambiguouswhentheir parentis selected.

Figure2.6 shows thesimpletreeview visualisationof a fully expanded3x3 deephierarchy. To
show how Cheopscompressesthis view, Figure 2.7 shows the Cheopsvisualisationof the same
hierarchy. If, in theCheopspyramid, the leftmosttriangleon themiddle level is selected,the three
leftmosttriangleson the last level representthenodesA,B andC. Thusby selectingtheparentof a
node,theoverloadedtrianglesgetunambiguous.If anodeis selectedthepathfrom theselectednode
to therootnodeof thehierarchyis highlighted.

A trianglecanhave differentcoloursandborders.Thecolourof a trianglevisualisesits relation-
shipto theselectednode.Thefollowing relationshipsarepossible:

� Selectednode

� Unclenode
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Figure2.5: TheHyperbolicBrowser.
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Figure2.6: A simpletreeview of a fully expanded3x3deephierarchy.
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Figure2.7: TheCheopscompressedview of the3x3 deephierarchy.
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Figure2.8: TheCheopsvisualisationof ahierarchyusingcolourcodinganddifferentborders.

� Child node

� Singularnode

� Overloadednode

� Unusednode

A singularnodeindicates,that the triangleis not overloaded.Thecolourof theborderof a triangle
indicatesthecurrentfocuspoint.

If, via amouseclick, anodeis selected,all triangleswhicharenotaffiliatedwith theselectednode
aregiventhevisualrepresentationof anunusednode.Thishastheadvantage,thattheglobalcontext
of thehierarchyis not lost. If theusermovesthemousepointerovera trianglewithoutclicking on it,
thebranchof theunderlyingnodeis highlighted.Therebytheusercanexplorepartsof thehierarchy
whicharenot selectedwithout losingthecurrentselection.

2.6 Inf ormation Slices

Informationslices[AH98] areanothertwo-dimensionaltechniqueto compactlyvisualiselarge hi-
erarchies.They useoneor moresemi-circulardiscsandeachdisc representsmultiple levels of a
hierarchy. If more levels have to be shown thanonedisc canhold, a cascadingseriesof discsare
used.At eachlevel in thehierarchy, thespaceusedfor achild is proportionalto its total size.

Figure2.9 shows the visualisationof a hierarchyusinginformationslices. The left disc shows
somelevels of the hierarchy. If morelevels of the hierarchyareopened,the right disc is alsoused
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Figure2.9: TheDataDiggerapplicationusingtheInformationSlicestechnology.

to displayall openedlevels. If still morelevelsareopened,the leftmostdisc is iconified, the levels
of theright discaremovedto theleft discandtheright discdisplaysthenew levels. Thenumberof
levelsperdiscis userconfigurableandtypically between5 and10.

Early experienceshowed that informationslicesarewell-suitedto navigating very deephierar-
chies.They arealsousefulto geta feelingfor therelative sizesof differentpartsof ahierarchy.

2.7 ConeTrees

Three-dimensionalvisualisationsof hierarchiesareusedto maximisetheusageof availabledisplay
spaceandto visualisethewholestructureof a hierarchy. ConeTrees(seeFigure2.10)[RMC91] are
onemethodto lay out hierarchiesin threedimensions.Every nodeof thehierarchyis visualisedlike
anindex cardandis theapex of acone.A conein aConeTreeis thesameasawedgein a treeview.

The root nodeof thehierarchyis placednearthe top of the three-dimensionaldisplayspace.It
is theapex of a coneandthechildrenof thenode,leaf nodesaswell asnon-leafnodes,areevenly
spacedalongits base.Thenext layerof nodesis drawn below thefirst layer. This is donerecursively
until thewholehierarchyis drawn. Eachconehasthesameheight,that is theheightof theavailable
displayspacedividedby thedepthof thetree. Thesizeof eachnodeis calculatedin a way that the
wholehierarchyfits into theroom.Thediameterof theconebaseis reducedeachlevel. This insures
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Figure2.10:Thevisualisationof ahierarchyusingConeTrees.

thatthebottomlayerfits in thewidth of theavailabledisplayspace.Thetext of anodeis only drawn
if thenodeis highlighted. Due to the aspectratio of the cardsthe text doesnot fit very well in the
availablespace.An approachto solve this problemareCamTrees(seeFigure2.11). CamTreesare
ConeTreesthatgrow from left to right andnot from top to bottom.

Whentheuserselectsa node,theConeTreerotatesandtheselectednode,aswell aseachnode
on the pathfrom the root to the selectednode,is broughtto front andhighlighted. The rotationis
animatedso that the humanperceptualsystemcantrack it. The rotationof all necessaryconesis
donein parallelandis deliberatelydesignedto take aboutonesecond.This time seemsto beenough
for theuserto understandwhat is goingon. Thereis alsothepossibility that theConeTreerotates
continuously. Thisshouldhelpto visualisethestructureof thehierarchyto theuser. A coneis shaded
transparently, so that it doesnot block the view of conesbehindit. As somepartsof the hierarchy
areoften not usedduring navigation andexploration, the usercanexpandor collapsepartsof the
hierarchy.

To enhancetheuserperceptionof three-dimensionalspace,somefurthertechniquesareused.A
three-dimensionalperspective transformationresultsin sizechangesof nodesdependingontheirdis-
tanceto theuser. Thereforenodesthataremorefareaway from theuseraredrawn smaller. Lighting
effectsareusedto make the whole scenemorenatural. Thusnodesin the backgroundaredrawn
darker thannodesin theforeground.Shadows of conesandnodesalsoprovide extra informationto
theuser. Thedarker theshadow underaparticularpartof thehierarchybecomes,themorenodesare
in thispartof thehierarchy.
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Figure2.11:Thevisualisationof ahierarchyusingCamTrees.

2.8 File SystemNavigator

TheFile SystemNavigator (FSN) is a three-dimensionaldirectorybrowserfor theUNIX operating
system.ThetechnologybehindFSNwasdevelopedandpatentedby SGI[ST96a] [ST96b].FSNuses
a landscapemetaphorto lay outahierarchy.

A hierarchyis laid outon a landscapeusinga conventionaloutlinemethod.A directoryis visua-
lisedasasquarepedestal.Linesconnectingthepedestalsvisualisethestructureof thehierarchy. The
width andtheheightof apedestaldependson thenumberof files in thecorrespondingdirectory. The
files of a directoryarelaid out on thetop of thepedestal.A file is displayedasa column.Theheight
of a columnrepresentsthesizeof a file. A minimumsizeis usedto prevent too smallcolumns.The
colourof a columndependson theageof its file. An icon on thetop of a columnshows thetypeof
the displayedfile. The namesof thedirectoriesaredrawn in front of the pedestalsaslabelson the
landscape(seeFigure2.12).

To navigatethroughthedisplayedscene,differentmethodscanbeused.Theuserhasthepossibil-
ity to freelyfly aroundin thesceneusingthemouse.If theuserselectsanobject,azoommethodcan
beusedto fly to theselection.Interestingplacesandviewpointscanbemarked. Themarkedplaces
aredisplayedin a listbox andcanbevisitedagainby selecting.A backbutton makesit possibleto
undonavigationalsteps.To make selectionsvisible,a selectedobjectis highlightedwith a spotlight.
An overview window canbeopenedto show a two-dimensionaloutlineof theentirehierarchy(see
Figure2.13).

In spiteof thefact thatFSNusesthreedimensionsto visualisea hierarchy, this methoddoesnot
have many advantagesover a two-dimensionalvisualisation.This is becausethe third dimensionis
usedto displaythepedestalsandcolumnsof thedirectoriesandthefiles only. Thestructureof the
hierarchyis justa two-dimensionaloutlinedrawn on thelandscape.

Anothervisualisationtechniquethat usessimilar displaymethodsis the Harmony Information
Landscape.It waspart of the Harmony projectat the IICM. The Harmony InformationLandscape
[Eyl95] [Wol96] is usedto visualisethehierarchyof aHyperwave server.
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Figure2.12:TheFSNapplicationwindow.

Figure2.13:Theoverview window of theFSNapplication.
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2.9 MAPA

MAPA [DK98] is a webmappingserviceof DynamicDiagrams,Inc. It providesenhancedfacilities
to navigatethroughlargewebsitesandit canbeusedto visualiseahierarchicalstructureof thesite.

The MAPA systemextractsthe hierarchicalstructurefrom an arbitraryweb site, storesit in a
databaseandprovidesvisualisationalandnavigationalfacilities.Thedesignof MAPA makesit most
usefulfor websitesfrom 500to 50,000webpages.

MAPA consistsof four mainmodules:

� WebWalker
Thewebwalker is usedto gatherlink informationfrom a website.

� Organizer
Theorganizercreatesahierarchicalstructureof thelink informationgatheredby thewebwalker
andstoresthehierarchyandthelink andmeta-informationin acentraldatabase.

� Link List
The link list is a CGI-generatedwebpagethatshows a summaryof all the links relatingto a
particulardocument.Thelink list getsthelinks from thecentraldatabase.

� VisualisationApplet
The visualisationappletis a Java appletthat visualisesthe hierarchy, which is storedin the
database,asamap.

Themap,generatedby thevisualisationapplet,is a local map(seeFigure2.14). It alwaysshows
the locationof a singlefocuspagewithin theoverall structureof thehierarchy. Thevisualisationof
themapconsistsof thefollowing parts:

� The focuspage
Thefocuspageis in thecenterof themapandshows thecurrentactive document.Positioned
in thecenterof themap,it shouldhelp to visualisethecurrentpositionof theuserwithin the
hierarchy.

� The ancestryof the focuspage
Theorangepages,placedon thelower left of themap,aretheparentpagesof thefocuspage.
They visualisethepathto therootpageof thehierarchy.

� The child pages
Thechild pagesof thefocuspagehave a greencolour. All child pagesareshown. To beable
to draw themwithout an overlay, they areplacedbehindthe focuspagealongthe horizontal
diagonalof theisometricprojection.

� The grandchild pages
Thebluecolouredgrandchildpagesareplacedbehindthechild pages,in parallelrows. They
areshown to beableto go directly to a grandchildpageof thefocuspageandto have a visual
indicationof theextentsof thecurrentpartof thehierarchy.

Navigation in MAPA canbedoneby usingtwo differenttechniques.Either theuserselectsone
of thepageson themapandthispageis goingto bethenew focuspage(mapnavigation),or theuser
cangoto any otherwebsite(sitenavigation).To seethenameof apagetheusercanmovethemouse
pointerover it andthenameis shown above thepage.If theusermovesovera child page,thenames
of all child pagesappear.
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Figure2.14:TheMAPA visualisationof thehierarchyof a webserver.



Chapter 3

Graphical User Interfaceswith Java

3.1 Intr oduction to Java

Java is anobject-orientedprogramminglanguagedevelopedby SunMicrosystemswhichemergedin
theearly 1990’s [AG96] [Javc]. Java hasmany similaritieswith older programminglanguageslike
C, C++ andSmalltalk,but its designmakesit easyto developplatform-independent, object-oriented
software.As KenArnold andJamesGoslinghave notedin [AG96]:

“The Java programminglanguage(hereaftercalledsimply “Java”) hasbeenwarmly re-
ceived by the world communityof softwaredevelopersandInternetcontentproviders.
Usersof the Internet and World Wide Web benefit from accessto secureplatform-
independentapplicationsthat cancomefrom anywhereon the Internet. Softwarede-
veloperscreatingapplicationsin Java benefitby developing codeonly once,with no
needto “port” their applicationsto every softwareandhardwareplatform.

For many, Java is known primarily asa tool to createappletsfor theWorld Wide Web.
“Applet” is the term Java usesfor a mini-applicationthat runs insidea web page. An
appletcanperformtasksandinteractwith theuseron their browserpagewithout using
resourcesfrom the Web server after beingdownloaded.Someappletsmay, of course,
interactwith theserver for their own purposes,but that’s their business.

Javais indeedvaluablefor distributednetwork environmentsliketheWeb. However, Java
goeswell beyondthis domainto provide a powerful general-purposeprogramminglan-
guagesuitablefor building avarietyof applicationsthateitherdonotdependonnetwork
features,or want themfor different reasons.Java’s ability to executecodeon remote
hostsin asecuremanneris a critical requirementfor many organisations.

OthergroupsuseJava asa general-purposeprogramminglanguagefor projectswhere
machineindependenceis lessimportant.Java’s easeof programmingandsafetyfeatures
help producedebuggedcodequickly. Somecommonprogrammingerrorsnever occur
becauseof featureslike garbagecollectionandtype-safereferences.Modernnetwork-
basedandgraphicaluserinterface-basedapplicationsthatmustattendto multiple tasks
simultaneouslyarecateredto by Java’ssupportfor multithreading,while themechanisms
of exceptionhandling,easethe taskof dealingwith errorconditions.While its built-in
toolsarepowerful, Java the languageis itself a simplelanguagein which programmers
canquickly becomeproficient.”

Themostsignificantdifferenceto programminglanguageslikeC or C++ is theplatformindepen-
denceof Java. Thecompilercompilesprogramswritten in Java into a bytecodewhich is translated

19
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into machinecodeduring runtime. The Java Virtual Machineis the interpreterwhich performsthe
translation.Bytecodefor theJava Virtual Machineis equivalentto themachinecodefor aprocessor.
Theonly partof Java that is not platform-independent is theJava Virtual Machine.Sincemany dif-
ferentvirtual machinesfor themostimportantoperatingsystemsexist this is no disadvantage.The
programmerusingJava doesnot have to think aboutthis at all. Programminglanguagesthatusean
interpreter(think abouttheold andfamousBASIC) tendto beslow but Java programsarealmostas
fastasprogramswrittenin C or C++. Theobjectorienteddesignof thewrittensoftwareletsprograms
oftenperformevenfaster.

Maybeplatform independenceis themostimportantadvantageof Java but a lot of otherthings
make this programminglanguagealsovery interesting.Using Java, theprogrammerdoesnot have
to take careaboutthestoragemanagementof his software.Java providesautomaticstoragemanage-
ment,calledthegarbagecollector. Memoryis automaticallyallocatedanddisallocatedfor theobjects
thatareused.Simpleto useexceptionhandlingis alsoprovided aswell assupportfor threads.As
concurrentprogramminggainsimportancethis seemsto bevery useful. A rich setof classlibraries
andthe integratedAPI for graphicaluserinterfacesarefurtheradvantagesof Java. All thesethings
togethermake theJava programminglanguagevery interestingto expertandnovice usersalike.

With Java a programmercanwrite every programthatcouldbewritten with any otherlanguage.
Thecapabilityto run within a virtual machinemakessystemspossiblethatgo beyond thescopeof
traditionalapproaches.Java programscanrunasdifferenttypesof applications.Examplesinclude:

� Stand-aloneApplication
A stand-aloneapplicationis the sameas a traditional application. The bytecodeis usually
loadedfrom a local disc andexecutedby a Java Virtual Machine. A stand-aloneapplication
canuselocal andremoteresourcesandhasnosecurityrestrictions.

� Applet
An appletis aJava programthatis executedwithin theJava Virtual Machineof a webbrowser.
Thebytecodeof theappletis loadedfrom a remoteserver. Appletsareoftenusedfor visual-
isations,animationsor enhanceduserinput thatwould not bepossiblewith HTML. Sincean
appletis executedon thecomputerof theuserspecialsecurityconsiderationshave to bemade.
An appletis, by default, not allowed to accessthe local file systemandcannotmake network
connectionsto serversotherthantheoneit wasloadedfrom.

� Servlet
ServletsareJava programsthat run within the Java Virtual Machineof a server. The kind of
server is not furtherspecified,andmightbeawebserver, aftp-server, amail-serveror any other
type of server. Nowadaysservletsaremostoften usedto dynamicallygenerateweb content.
Similar to CGI-scriptsthey produceHTML outputby a requestof a user. By default, a servlet
hasno securityrestrictions.They have thesamerightsasstand-aloneapplications.Only if the
bytecodeof aservletis loadedfrom aremoteserver aresecurityrestrictionsapplied.

� EmbeddedSystem
Java canbe usedto write programsfor embeddedsystems.If the embeddedsystem,e.g. a
smallchip on a creditcard,providesa virtual machine,bytecodecanbe loadedandexecuted.
Who knows,maybethemicrowave ovenof thefutureusesJava to warmourmeals.

The following sectionsgive an overview of programminggraphicaluserinterfaceswith Java.
Basicknowledgeof Java,C, C++ or a similar programminglanguageis importantfor understanding
thegivensamples.
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3.2 The Abstract Window Toolkit

Eventhefirst versionof theJavaDevelopmentKit (JDK) providedalibrary to build graphicaluserin-
terfaces.Thislibrary is calledtheAbstractWindow Toolkit (AWT). As Javais aplatform-independent
programminglanguage,the AWT hasalso to be platform-independentand the developedgraphi-
cal userinterfacesshouldlook goodandconsistenton all platforms. Thesedesigngoalswerenot
achievedin Java1.0.Theproduceduserinterfaceslook equallymediocreonall systemsandthereare
many bugs,evenin thenewestversionof Java1.0.Althoughthecoreclasslibrariesof version1.0are
very well designed,theAWT programmingmodelis not really object-orientedandis alsoawkward.

With Java1.1anew versionof theAWT camealong.Themostimportantmodificationin thenew
versionof theAWT wasthenew eventmodel. It is muchclearerandit is object-orienteddesigned.
Thedesignof graphicaluserinterfacesbecamemucheasierandmostof thebugsof version1.0were
eliminated.TheAWT version,describedhereafter, is theoneusedin Java 1.1. Exceptof theevent
handlingtherearemany similaritiesbetweentheAWT’sof Java 1.0and1.1.

The userinterfaceof a programnot only consistsof thegraphicalobjectsa usercanseeon the
display. Sounds,feelingsandothermethodsto communicatewith theuserarealsopartsof theuser
interface. Sincethis thesisis aboutthevisualisationof information,this sectiondescribesonly the
graphicalcomponentsof theAWT. It shouldbementioned,that theAWT providesmechanismsfor
othertypesof interaction,e.g.playingsounds,too.

The BasicComponentsof the AWT

TheAWT providesmany basiccomponentsthataremostoftenusedto build graphicaluserinterfaces.
AWT componentsnot only include standardcomponentslike buttonsand labels,but also higher
level componentslike a file dialogwindow. Eachbasiccomponenthasthelook-and-feelof theused
window manager. For example,a button doesnot look the sameif a Macintoshsystemis used
insteadof a Windows basedsystem.All of thecomponentsprovide eventsto reacton userinput or
modifications.

Thecomponentsprovidedfor userinput are:

� Buttons

� Canvas

� Checkboxes

� Choices

� Labels

� Lists

� Menus

� TextFields

� TextAreas

� Scrollbars
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Figure3.1: Thebasiccomponentsof theAWT.

Figure3.1 shows thesecomponentsunderthe Windows environment. It shouldbe mentionedthat
thecomponents,by default, provide basicfeaturesonly. For example,a TextField doesnot provide
mechanismsto checkthe userinput. This hasto be doneby the programmer. Eachof thesecom-
ponents,exceptMenus,arederived from the Componentclass. The Componentclasscontainsthe
functionalityneededfor drawing, layoutandeventhandlingof a component.TheCanvasclasscan
be usedto write customcomponents.For example,a classthat is a subclassof Canvascould draw
imagesor analternative buttonwith any kind of eventhandling.

Furthermorethereexist containerclassesin which the componentscanbe groupedanddrawn.
Thesecontainersaresubclassesof the classContainer. Containeris derived from Componentand
thereforeevery ContainerobjectcanalsobeusedasaComponentobject.Thecontainerclassesare:

� Subclassesof Window
Frame, Dialog and FileDialog aresubclassesof Window. Frameobjectsareusedto create
full-fledgedwindows. They areindependenton otherwindows. Dialog objectsin contrastto
Frameobjectsdo have aparentwindow andcanbemodalor non-modal.

� Panel
Panel objectsgroupcomponentswithin a container. Componentscanbe addedor removed
from apanel.A componentthatis partof apanelis displayedwithin theboundariesof it.

� ScrollPanes
A ScrollPane is a specialkind of panel.Thepurposeof a ScrollPane is to provide a scrolling
possibility for a part of a window. The usercanscroll in a ScrollPaneusingscrollbars.The
way informationis visualisedandscrolleddependson thecomponentsthatareinsertedinto a
ScrollPane.
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Figure3.2: A panelthatusesFlowLayout.

The Layout of Components

If componentsareaddedinto a containerandthe containeris drawn, the positionsandsizesof the
componentsarecalculatedby a layoutmanager. Every containerhasits layoutmanagerandevenif
no layoutmanageris explicitely assignedadefault layoutmanageris used.Thesizesandpositionsof
thecomponentsdependon thedimensionsof thedrawing areaof their container. If thedimensionof
thecontainerchanges,e.g. if a window if resized,thecomponentsarelaid out again.Thesizesand
positionscanbe differentafter the new layout. Next, someof themost importantlayout managers
thatarepartof theAWT aredescribed.

FlowLayout

FlowLayoutusesasimplealgorithmto arrangethecomponents.Thecomponentsarepositionedline
by line from top left to bottomright andarecompactedto their smallestsize. The order in which
the componentsarepositioneddependon the order in which they areaddedto the container. The
following exampleaddsthreebuttonsto apanelthatusesFlowLayout. Figure3.2shows theresulting
screenshot.

Button button1 = new Button("Button 1");
Button button2 = new Button("Button 2");
Button button3 = new Button("Button 3");

Panel p = new Panel(); //uses FlowLayout by default

p.add(button1);
p.add(button2);
p.add(button3);

BorderLayout

BorderLayoutis thedefault layoutmanagerfor all Windowobjects.A containerthatusesBorderLay-
out canhold up to five components.Thefive regionsin a BorderLayoutcontainerarenorth,south,
east,westandcenter. Thecenterregion getsthemostspaceavailable. Thenorthandthesouthpart
have thesamewidth asthecompletedrawing areabut they areonly ashighastheirminimumheight.
The eastand the westpart arefilled vertically but areonly aswide as their minimum width. If a
componentis addedto a BorderLayoutcontainerthenameof the region is thefirst argumentof the
add()method.BorderLayoutsuitswell for applicationswith amenu,astatusbarandacenterregion,
e.g. aneditor. Following exampleusesa BorderLayoutlayoutmanagerandtheresultingscreenshot
canbeseenin Figure3.3.

Button buttonNorth = new Button("North");
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Figure3.3: A panelthatusesBorderLayout.

Button buttonSouth = new Button("South");
Button buttonEast = new Button("East");
Button buttonWest = new Button("West");
Button buttonCenter = new Button("Center");

Panel p = new Panel();
p.setLayout(new BorderLayout());

p.add("North", buttonNorth);
p.add("South", buttonSouth);
p.add("East", buttonEast);
p.add("West", buttonWest);
p.add("Center", buttonCenter);

CardLayout

Thefunctionalityof theCardLayoutlayoutmanagercanbebestimaginedlikeapile of cards.Froma
pile of cardsonly thefaceof thetopmostcardcanbeseen.If anothercardis takenandlaid on topof
thepile, only thefaceof thisnew cardis visible. Usingthesametechnique,apanelusingCardLayout
canhold morethanonecomponentlike a pile of cards. Only the topmostcomponentcanbe seen.
CardLayoutprovidesfunctionalityto changethecomponentthatlieson thetopof thepile.

GridLay out

With theGridLayoutlayoutmanagercomponentscanbepositionedin a tabular manner. Arguments
to theconstructorof a GridLayoutobjectarethenumberof rows andcolumnsthatshouldbeused.
Everycomponentin thetablehasthesamesize.Thepositionof acomponentin thetabledependson
theorderin which thecomponentsareaddedinto thecontainer. Like FlowLayout, thecomponents
areaddedfrom top left to bottomright. Thelastrow of thetabledoesnot have to befully filled. The
remainingpartof thetableis simplyempty.
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GridBagLayout

GridBagLayoutpositionsthe addedcomponentsalso in a tabular manner. The differenceto Grid-
Layout is, that the componentsdo not have to have the samesizeandtheredo not have to be the
samenumberof columnsper row. Eachcomponentis referencedby a GridBagConstraintsobject.
TheGridBagConstraintsobjectis responsiblefor thelayoutof thecomponentwithin thetable.Grid-
BagLayoutis themostsophisticatedlayoutmanagerthatcomeswith theAWT. As it is very sophis-
ticatedit is alsovery difficult to understand.A completedescriptionwould go far beyondthis brief
overview of theAWT.

Absolute positioning

Absolutepositioningof componentswithin containersis alsopossible.It shouldbeavoidedbecause
of thedifferentplatformsa Java applicationcanrun on. Absolutepositioningis usefulif the target
platformis known but differencesin thesizesof e.g. fontsmake it very hardto positioncomponents
for morethanonetargetsystem.

Combination of Layouts

For mostapplicationsonelayout managerwill not be enoughto fulfil all layout problems,If more
thanonelayoutmanagerhasto beusedwithin a window, Panelobjectscanbeused.As mentioned
earlierpanelsareusedto groupcomponents.As a Panel object is a subclassof Containerit hasa
layout manager. Of course,differentpanelscanhave differenttypesof layout managers.Thusthe
combinationof layoutmanagerswithin onewindow is noproblematall. Thenext exampleshowsthe
usageof BorderLayoutandGridLayoutin onewindow andFigure3.4showstheresultingscreenshot.

Button buttonNorth = new Button("North");
Button buttonSouth = new Button("South");
Button buttonEast = new Button("East");
Button buttonWest = new Button("West");
Button buttonCenter1 = new Button("Center 1");
Button buttonCenter2 = new Button("Center 2");
Button buttonCenter3 = new Button("Center 3");

Panel p = new Panel();
p.setLayout(new BorderLayout());

Panel p1 = new Panel();
p1.setLayout(new GridLayout(3,1));
p1.add(buttonCenter1);
p1.add(buttonCenter2);
p1.add(buttonCenter3);

p.add("North", buttonNorth);
p.add("South", buttonSouth);
p.add("East", buttonEast);
p.add("West", buttonWest);
p.add("Center", p1);



26 CHAPTER3. GRAPHICAL USERINTERFACESWITH JAVA

Figure3.4: A panelthatusesacombinationof BorderLayoutandGridLayout.
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Figure3.5: Thedrawing hierarchyof theFlowLayoutwindow.

The Drawing of Components

After thecomponentsarelaid out within their containersthey have to be drawn. Drawing requests
occur, for example,if the userinterfaceappearsfor the first time or if a window hasbeenresized.
Thedrawing beginswith thecomponentsat thebackandendswith thoseat thefront. Thinking of a
container, thecontaineris drawn beforeits componentsaredrawn. Theorderin which components
aredrawn lookslike a hierarchy(seeFigure3.5). Thedrawing of acomponentin onelevel hasto be
finishedbeforecomponentsof thenext level aredrawn. Otherwiseit couldhappen,thatcomponents
arenotdisplayedproperly. Thecorrectorderis guaranteedby theAWT drawing system.

A componentonly draws itself if the AWT drawing systemtells it to do so. The AWT creates
threadsto order drawing requests. Thereare threeimportantmethodsthat are usedfor drawing
operations.All of themaremethodsof theclassComponent.

� update()
Theupdate()methodis calledby theAWT drawing systemto tell thecomponentthatit should
draw itself. If not overwritten, update()clearsthe backgroundof the componentand then
invokesthepaint() methodwhich is responsiblefor thedrawing.

� repaint()
Whenthe repaint()methodof a componentis called,the componentis scheduledfor an up-
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date()by theAWT drawing system.

� paint()
Thepaint() methoddraws thecomponent.By default it doesnothing. Most often thepaint()
methodis theonly drawing methodthatis overwrittenby subclassesof Component.

Therepaint()methodhasnoargumentsandtheupdate()andpaint()methodshaveonly oneargu-
ment,theGraphicsobject.TheGraphicsobjectrepresentsthedrawing context of theapplication.If
thepaint() methodwantsto draw somethingit usesthefunctionalityof theGraphicsobject. There-
fore theGraphicsobjecthidestheplatformdependentoperationsfrom theapplication.Thegraphical
primitivesthatcanbedrawn are:

� Lines

� Polygons

� Rectangles

� Arcs

� Ovals

� Text

� Images

TheGraphicsobjectalsoprovidesmethodsfor filling theseprimitiveswith a specifiedcolour. The
coloursandfontscanbechangedaswell asthedrawing mode(XOR or paint).

Event Handling

Theeventmodelof theJava1.1AWT usesakind of observer designpattern[GHJ� 95]. If somekind
of actionhappensto a component,e.g. the userclicks with the mouseon a button, the component
initiatesanevent. It is saidthatthecomponent“fires” anevent.Oneor moreobjects,calledlisteners,
canregisterto benotifiedif a componentfiresanevent. This modelhastheadvantagethat theplace
whereaneventis createdandtheplacewheretheeventis handledcanbeseparated.

Thereareseveral different typesof event objects. The type of the event objectdependson the
componentthathasfired it andthetypeof actionthatoccured.Customcomponentscanhavecustom
eventclasses.Theeventlistenershave to implementa particulartypeof listenerinterfacedepending
on thekind of eventsthey wantto listenfor. To registera listenerto eventsof aparticularcomponent
thelistenerhasto beaddedto alist of listenersusingtheaddXXXListener()methodof thecomponent.
XXX representsthe type of event the listenerwantsto listen for. Examplesof adddXXXListener()
methodsareaddKeyListener()or addMouseListener().

Thenext exampleshows theusageof theaddActionListener()method.Eventlistenerscanbeof
any classbut innerclassesarevery oftenusedfor eventhandling. Innerclasseshave theadvantage
thatthey have accessto thevariablesandmethodsof theirparentclass.

...
Button button = new Button("Hi folks, let’s beep");
button.addActionListener(new MyButtonListener());
...
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class MyButtonListener implements ActionListener {
public void actionPerformed(ActionEvent e) {

Toolkit.getDefaultToolkit().beep();
}

}

For listenerinterfacesthathave morethanonemethod,adapterclassesareprovided to simplify
the usageof the interfaces. The adaptersimplementthe interfacemethodsusingdefault methods.
Most of thesedefault methodsareemptyanddo nothing. Thereforethe programmerhasonly to
derive thelistenerclassfrom thecorrespondingadapterclass.Only thenecessarymethodshave to be
overwrittenandnot all of themhave to be implemented.An exampleof a listenerinterfaceandthe
correspondingadapteris theWindowListenerinterfaceandtheWindowAdapterclass.

3.3 Swing

Swing is thenewestgraphicaluserinterfacetoolkit for Java. It is a classlibrary that is availablefor
Java 1.1andJava 1.2. While it is anextra packagefor Java 1.1 it is alreadyincludedin Java 1.2and
thereforealsopartof theJava DevelopmentKit 1.2. Mark Andrews wroteseveralvery goodarticles
aboutanintroductionto Swingandthatis thereasonwhy partsof this sectionarebasedon his work
[Anda] [Andb].As henotedin [Anda]:

“The Swingcomponentsetis anew graphicaluser-interface(GUI) toolkit thatsimplifies
andstreamlinesthedevelopmentof windowing components– that is, thevisualcompo-
nents(suchasmenus,tool bars,dialogsandthe like) thatareusedin graphicallybased
programs.

With Swing,you candeveloppowerful andscalableGUIs thathave preciselythe“look
andfeel” thatyouspecify. Thatmeansthatwhenyouwrite aprogramusingSwingcom-
ponents,ausercanexecuteyourprogramwithoutmodificationonany kind of computer,
andit will alwayslook andfeel just like a programwritten specificallyfor theparticular
computeron which it is running.

Furthermore,Swing componentsaresaid to be lightweight becausethey don’t rely on
user-interfacecodethat’s native to whatever operatingsystemthey’re runningon. Con-
sequently, they canusuallybe implementedusinglesscodethanearlier“heavyweight”
componentsrequire.”

Swingand AWT

When the new versionof the AWT 1.1 replacedthe older version1.0 many things were changed
andthe event handlingarchitecturehascompletelybeenreplacedby the new listenerevent model.
Although Swing is newer thanthe AWT 1.1 it doesnot replaceit but extendsit. With Swing, the
originaldesigngoal,theability to write userinterfacesthatlook goodandconsistentonall supported
platforms,at lastbecamereality.

TheSwingsetcontainsmorecomponentsthantheAWT andmany enhancementsmake it easier
to write moderngraphicaluserinterfaces. Swing componentsare lightweight, that meansthey do
not rely on native code. Many of the old AWT componentsarereplacedby new, 100%pureJava,
versions.Examplesof old AWT componentsthatarereplacedby newer, lightweightcomponentsare:

� Buttons
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� Labels

� Menus

� Textfieldsetc.

Componentsthatdonotexist in theAWT andarethereforenew in theSwingsetare:

� Trees

� Tables

� Tabbed-Panesetc.

Figure3.6 shows someof the new componentsfrom Swing. For theprogrammerit is very easyto
recognisethesenew componentsbecausemostof theirnamesstartwith aJ andtherestof thenames
areequalto theold AWT names.For examplethenameof a button in Swing is JButtonandtheold
AWT nameis only Button. In spiteof thenew versionsof thecomponentstheold componentscan
still beusedtogetherwith thenew versionswithin oneapplication.Theeventhandlingmechanism
is still thesame.Swingcomponentsarealsomuchmoresophisticatedthantheir AWT counterparts.
Threeexamplesof why this is trueare:

� Swingbuttonscandisplaybothtext andimages.

� Mostof theSwingcomponentsprovide bordersthatcanbedrawn.

� A Swingcomponentdoesnothave to berectangular. For exampleabuttoncouldalsoberound
or triangular.

Java Foundation Classes

TheJava FoundationClasses(JFC)[Gea99] area setof classlibrariesthatareusedto developuser
interfacesfor enterprise-readyapplications.As Figure3.7 shows is Swinga partof theJFClibrary
set. It maybea little bit confusingthat theJava 2D API andtheDragandDrop API arenot partof
theSwingpackage.This is becausebothAPIs usenative codeto performsomeof their operations
andSwingcomponentsnever usenative callsbecauseotherwisethey would not be100%pureJava.
As notedin [ELW98]:

“In April of 1997,JavaSoftannouncedtheJava FoundationClasses,or JFC,which su-
persedes(and includes)AWT. A major part of the JFC is a new set of userinterface
componentsthat is muchmorecomplete,flexible, andportable.Thesenew components
arecalled“Swing.” (The JFCalso includesa comprehensive facility for 2D graphics,
printing,and“drag-and-drop.”) With Swing,youcandesigninterfaceswith treecompo-
nents,tables,tabbeddialogs,tooltips,andmany otherfeaturesthatcomputerusershave
grown accustomedto.”

As describedin the previous section,Figure 3.7 shows that the Swing library really doesnot
replacetheAWT but sitsatoppartsof theAWT set.BesideSwingtherearethreemajorpartsof the
JFC:

� AccessibilityAPI
TheAccessibilitylibrary canbeusedto developsoftwarefor handicappedpeople.For example
anapplicationcoulduseotherfontsandcoloursfor peoplewith visiondefects.
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Figure3.6: Someof thenew componentsof theSwingpackage.
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Figure3.7: Thedifferentpartsof theJava FoundationClasses.
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Figure3.8: A window usingJava look-and-feel.

� Java 2D API
TheJava 2D API is usedfor advanceddrawing purposes.Thenext sectionis goingto describe
theJava 2D API in detail.

� Drag and Drop API
TheDragandDrop API providesstandardizedmechanismsto exchangedatabetweenadevel-
opedapplicationandother, native or Java,applications.

PluggableLook-and-Feel

Whatis thelook-and-feelof a graphicaluserinterface?This questioncaneasilybeansweredif user
interfacesof differentoperatingsystemsarecompared.Usersof Microsoft Windows know how a
textfield, a button or any other componentlooks alike and how they have to be used. The same
is valid for a userof a UNIX operatingsystem. If a userof Microsoft Windows hasto work with
theuserinterfaceof anapplicationundertheUNIX operatingsystemthecomponentswill look and
behave different. Thusthe look-and-feelof a userinterfaceis how componentslook alike andhow
they behave on useractions.

ApplicationsusingSwing have a pluggablelook-and-feel.An applicationusesa look-and-feel
modulethat is responsiblefor the look andbehaviour of its components.Thelook-and-feelmodule
is selectedduring initialization of the applicationbut can also be exchangedduring runtime. All
Swing componentsare designedfor a pluggablelook-and-feel. The ability of the componentsto
usea pluggablelook-and-feelis only possiblebecausethey are lightweightedand have no native
counterpart.If a Swingcomponentwould rely on a native componentit wouldneitherbepossibleto
changethelook of acomponentnor to changethebehaviour of it.

Thereforethe Swing componentsdo not have to look like their theoreticalnative counterparts.
Thereareseveral look-and-feelmodulesthatcomewith theSwingpackage.For mostoperatingsys-
temsa native look-and-feelis available. This makessensebecauseusersmight want to work with
the look-and-feelthey alreadyknow. The default look-and-feelthat is usedif no otherone is ex-
plicitely selectedis theJava look-and-feel.TheJava look-and-feelis a new look-and-feel,developed
by SunMicrosystems.A programmercanalsocreatecustomlook-and-feelsandtherearealready
many customlook-and-feelmodulesavailable.

Figure 3.8 is a screenshotof a window using the Java look-and-feel. Figure 3.9 is the same
window but theWindows look-and-feelis used.
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Figure3.9: A window usingWindows look-and-feel.

Lightweight Components

In the last few sectionsthe namelightweight componenthasvery often beenusedandit hasbeen
said that lightweight componentsarean advantageof the Swing library. So what are lightweight
components?Theexplanationis very simple.

A lightweightcomponentis acomponentwritten in 100%pureJavaandit doesnotuseany native
methodsfor its operations.In contrastto a lightweightcomponent,heavyweightcomponentsusena-
tive methodsandarethereforenot platform-independent. In theAWT every componenthasa native
peercomponentandthusthe functionalityof anAWT componentis limited by the functionality of
thenative component.Lightweightcomponentsdo not have suchlimitations. Thereforefunctional-
ity like a pluggablelook-and-feelis possible.As it is possibleto mix lightweight componentsand
heavyweightcomponentswithin oneJava applicationthisdoesnotmeanany limitations.

SeperableModel Ar chitecture

The componentsof the Swing library usea modified versionof the model-view-controller design
pattern(MCV) [GHJ� 95]. TheMVC architecturedividesacomponentinto threecollaboratingparts.
Thepartsarethemodel,theview and(whatasurprise)thecontroller.

� Model
Themodelholdsthedataitemsthatareusedby thecomponent.

� View
Theview is responsibleto draw thecomponentandthatthevisualiseditemsalwayscorrespond
to theitemsin themodel.

� Controller
Thecontrollerreactson interactionsof theuserwith thecomponent.

If the modelchanges,it informs the view that a changeoccured.Thenthe view is responsible
to refreshthevisualisationof thecomponent.This techniquehastheadvantage,thatmorethanone
view canbeboundto onemodel.If themodelchanges,theviews areautomaticallychanged,too.

The Swing componentsusea somehow different versionof the MVC architecture. As Mark
Andrews wrotein [Andb]:
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“ClassicMVC architectureis simpleandelegant,andtheSwingteamstarteddesigning
theSwingcomponentset,they experimentedwith usinga pureMVC design.But they
soondiscoveredthatclassicMVC architecturedidntwork verywell in real-world Swing
application. So they woundup basingSwing architectureon a modifiedadaptationof
thetraditionalMVC design.To implementSwingcomponents,theSwingteamcreated
a modifiedMVC design.Thecomponentdesignthat theSwingteameventuallysettled
on is sometimesreferredto aseparablemodelarchitecture.

In Swing’sseparablemodeldesign,themodelpartof acomponentis treatedasaseparate
element,justastheMVC designdoes.But Swingcollapsestheview andcontrollerparts
of eachcomponentinto a singleUI (user-interface)object. Theresultis anarchitecture
thatlookslike Figure3.10.

Swingsseparablemodelarchitecturewasdevelopedbecausethecreatorsof Swingfound
thatthetraditionalMVC designdidn’t work well in practicaltermsin Swing-stylecom-
ponents.Why not? Becausethe view andcontrollerpartsof a traditionalMVC-based
componentrequirea tight coupling that is sometimesdifficult to achieve in practical
terms.For example,traditionalMVC architecturemakesit very hardto createa generic
controllerthatdoesn’t know at designtime whatkind of view will eventuallybeusedto
displayit.”

TheUIManagerin Figure3.10is responsibleto handlethelook-and-feelof thegivencomponent.

3.4 Java 2D

TheJava 2D API [Knu99] [Java] is anenhancementto theAbstractWindow Toolkit (AWT). It was
designedto improve the 2D graphicsandprint capabilitiesof Java programs.Although the AWT
providesdrawing methods,they do not really fulfil the needsof today’s programmers.As theJava
2D API is anenhancementto theAWT thedrawing methodsof theAWT canstill beused.In factthe
Java 2D API is closelyintegratedwith theAWT.

TheJava 2D API providesmethodsto:

� draw lineswith differentthickness,colours,endcapstyles,join stylesandstroke styles.

� fill arbitraryshapeswith solidcolour, texturesor gradients.

� applytransformationsto objects

� performfilter operationson images.
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� draw text with differentfontsandstyles.

The RenderingMechanism

The AWT drawing systemcalls the update()methodof a componentto tell it that it shoulddraw
itself. As theJava2D API is integratedwith theAWT, thesamedrawing systemis used.In theAWT
aGraphicsobjectisusedto representthedrawing context. TheJava2D API usesaGraphics2Dobject
for this purpose.TheclassGraphics2Dis a subclassof Graphics. Graphics2Dcontainsmethodsto
accesstheenhanceddrawing capabilitiesof Java2D.A simplepaint()methodthatusesaGraphics2D
objectcouldlook like thefollowing example:

public void paint(Graphics g) {
...
Graphics2D g2D = (Graphics2D) g;
...

}

A programmersimpletypecaststheGraphicsobjectto Graphics2Dandhasaccessto theadvanced
Java 2D methodsyet.

ThustheGraphics2Dobjectprovidesmethodsto gainaccessto theadvanceddrawing capabilities
of Java 2D. It alsoholdsa setof stateattributesthat areusedto definethe way how drawing and
renderingoperationsareperformed. The setof stateattributesis calledthe Graphics2Drendering
context. This renderingcontext consistsof thefollowing attributes:

� The stroke attrib ute
It is usedto definethedrawing stylesof lines. Thedrawing stylesthatcanbedefinedarethe
line thickness,thedashingpattern,thejoin styleandtheendcapstyle.

� The paint attrib ute
This attributedefineshow shapesarefilled with solidcolours,gradientsor textures.

� The compositestyle
Thecompositestylecanbeusedto groupseveralobjectsinto oneobject.

� The font
This attributerepresentsthefont thatis beingusedif text is drawn.

� The transformation
Thisattributecanbeusedtoperformaffinetransformations.Forexampleobjectscanberotated,
scaledandtranslated.

� The clipping path
Theclipping pathdefineswhichpartsof thedrawn objectsarevisible to theuser.

� The rendering hints
With thisattribute,theprogrammercanspecifypreferencesin thetrade-offs betweenspeedand
quality of thedrawings,e.g. it canbespecifiedif antialiasingshouldbeusedor not.

Themethodsusedto settheattributesof the renderingstyle arepartof theGraphics2Dobject.
Thenamesof thesemethodsare:

� setStroke()
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� setPaint()

� setComposite()

� setFont()

� setTransform()

� setClip()

� setRenderingHints()

As theGraphics2DclassenhancestheGraphicsclass,therearesomenew methodsthatcanbe
usedfor drawing. Thesemethodsare:

� draw()

� fill()

� drawString()

� drawImage()

Coordinate Systems

TheJava 2D API distinguishesbetweentwo differentcoordinatesystems:

� Userspace

� Devicespace

The userspaceis a logical coordinatesystem. Becauseof the userspace,which is device-
independent,the programmerdoesnot hasto write differentprogramsor methodsfor differentde-
vices.Theorigin of theuserspacecoordinatesystemis in theupperleft cornerof thedrawing areaof
acomponent.Thevaluesof thex-coordinatesincreaseto theright andthevaluesof they-coordinates
increasedownwards.Figure3.11illustratestheuserspaceandthetwo axesof thiscoordinatesystem.

The device spaceis a device-dependentcoordinatesystem.Eachdevice hasits own coordinate
system,e.g.a screenhasanothercoordinatesystemthana printer. Themappingbetweenuserspace
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anddevice spaceis doneautomaticallyduringrendering.Transformationsthatareappliedto objects
arealsocomputedduringtheconversionof thecoordinatesfrom userspaceto devicespace.

TheJava2D API doestheconversionfrom userspaceto devicespaceautomatically. Threelevels
of configurationinformationareusedto accomplishthis andtheselevels areencapsulatedin three
classes:

� GraphicsEnvironment
This object is usedto provide a collection of renderingdevices that can be usedby a Java
applicationon theactualplatform.

� GraphicsDevice
Eachrenderingdevice in thecollectionof theGraphicsEnvironmentobjectis representedby a
GraphicsDeviceobject.

� GraphicsConfiguration
Everypossibleconfigurationof aGraphicsDeviceis storedin aseparateGraphicsConfiguration
object.

Drawing Shapes

With the Java 2D API virtually any geometricshapecanbe rendered.To do this the draw() and
fill() methodsof Graphics2Dareused. draw() is usedto draw lines, arcsetc. andfill() is usedto
draw filled shapes.To definetheshapesthatshouldbe renderedthe java.awt.geompackagedefines
commongraphicsprimitives.Theavailablegraphicsprimitivesare:

� Arc2D

� Area

� CubicCurce2D

� Dimension2D

� Ellipse2D

� GeneralPath

� Line2D

� Point2D

� QuadCurve2D

� Rectangle2D

� RectangularShape

� RoundRectangle2D
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Transforming Objects

The renderingcontext of the Graphics2Dobjectcanbe modifiedin a way that a transformationis
appliedto thedrawn objects.Possibletransformationsaretranslations,rotations,scalingandshear-
ing operations.All usedtransformationsareaffine transformations.An affine transformationis a
transformationin whichstraightlinesarealwaystransformedinto straightlinesandparallellinesinto
parallel lines. An affine transformationcansimply be performedby a matrix multiplication of the
coordinatesof anobjectwith a transformationmatrix.

Theattributeof therenderingcontext for thetransformationis aninstanceof theAffineTransform
class.Thereareseveralpossibilitiesto changethetransformattribute.Onepossibilitywouldbeto call
thesetTransform()methodof theGraphics2Dobjectdirectly. Anotherpossibility is to concatenate
theactive transformationwith anothertransformation.TheGraphics2Dobjecthassomemethodsto
directly concatenatethecurrenttransformationwith anew one.Thesemethodsare:

� rotate()

� scale()

� shear()

� translate()

If theprogrammerwantsto defineown AffineTransformobjects,theAffineTransformclasspro-
videsseveralmethodsthatmakethiseasy. Thefollowing methodsreturnAffineTransformobjectsthat
canbeused:

� getRotateInstance()

� getScaleInstance()

� getShearInstance()

� getTranslateInstance()

Rendering Quality

The renderingquality of drawings hasa big influenceon thespeedof the renderingprocess.If the
renderingquality hasto behigh therenderingspeedgetsslow andtheotherway round. On a high-
performancegraphicalworkstationthismaybenoproblembut usinganordinarycomputerthespeed
maybeslow. Thereforetherenderingquality canbeadjusted.

This is accomplishedby settingtherenderinghintsattributeof theGraphics2Dobject.Examples
of renderinghintsareantialiasing,alphainterpolationanddithering.It is possiblethatnotall render-
ing hints aresupportedby the platform the programrunson. Thereforeit is not guaranteedby the
Java 2D API thateachrenderinghint is goingto beusedonevery platform.

Therenderinghintsattributecanbesetin two differentways. Eithera RenderingHintsobjectis
instantiatedandpassedover to theGraphics2Dobjectusingits setRenderingHints()method,or the
setRenderingHint()methodof Graphics2Dcanbeused.
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3.5 Java 3D

TheJava 3D API [Javb] is a three-dimensional,platform-independentgraphicslibrary developedby
SunMicrosystems.It is written in 100%pureJava usingobject-orientedtechniquesandit draws its
ideasfrom existinggraphicslibrariesandfrom new technologies.As notedin [Javb]:

“The Java 3D API is an applicationprogramminginterface usedfor writing three-
dimensionalgraphicsapplicationsandapplets. It gives the developershigh-level con-
structsfor creatingandmanipulating3D geometryand for constructingthe structures
usedin renderingthatgeometry. Applicationdeveloperscandescribevery largevirtual
worldsusingtheseconstructs,whichprovideJava3D with enoughinformationto render
theseworldsefficiently.

Java 3D deliversJava’s “write once,runanywhere”benefitto developersof 3D graphics
applications.Java 3D is part of the JavaMediasuiteof APIs, makingit availableon a
wide rangeof platforms. It also integrateswell with the Internetbecauseapplications
andappletswrittenusingtheJava 3D API have accessto theentiresetof Java classes.

The Java 3D API draws its ideasfrom existing graphicsAPIs andfrom new technolo-
gies.Java3D’s low-level graphicsconstructssynthesizethebestideasfoundin low-level
APIs suchasDirect3D,OpenGL,QuickDraw3D, andXGL. Similarly, its higher-level
constructssynthesizethebestideasfoundin severalscenegraph-basedsystems.Java3D
introducessomeconceptsnot commonlyconsideredpart of the graphicsenvironment,
suchas3D spatialsound.Java3D’ssoundcapabilitieshelpto provideamoreimmersive
experiencefor theuser.”

TheJava 3D API wasdesignedto provide a sophisticatedeasyto usethree-dimensionalgraphics
library to theprogrammersandto deliver thehighestlevel of performanceto applicationusers.Since
the renderingof three-dimensionalscenesis a complex operation,poor implementationor design
of the graphicslibrary leadsto slow runtimebehaviour of developedapplications.Therefore,high
performancewasalwaysthemain designgoal of theJava 3D API developers.Themostimportant
Java 3D goalsareto:

� deliver thehighestlevel of performanceto applicationusers.

� provide a rich setof featuresfor creatinginteresting3D worldsto theprogrammers.

� provideahigh-level object-orientedprogrammingparadigmthatenablesdevelopersto develop
sophisticatedapplications.

The SceneGraph Programming Model

The developersof the Java 3D API developeda scenegraph-basedprogrammingmodelwhich is
simpleto useandflexible enoughto build complex three-dimensionalscenes.An advantageof this
programmingmodelis thattheprogrammercanconcentrateon theobjectsin thesceneandthecom-
binationof theseobjectsinsteadof thinking abouttriangleswhich build theobjectsin thesceneor
aboutrenderingcodefor displayingthescene.Thegraphicselementsin thesceneareseparateob-
jectsandcanbe manipulatedby the predefinedaccessor, mutator, andnode-linkingmethods.The
separateobjectsareconnectedtogetherin a treelike sructurecalledthescenegraph.Thescenegraph
is adescriptionof theentiresceneandstoresall graphicalelementsthatarewithin thegivenscene.It
is build by theapplicationduringruntime. In Java 3D theentiresceneis calledthevirtual universe.
Every virtual universehasits own scenegraph.Thescenegraphcontainsthenecessaryinformation
to renderthegivenscenefrom any particularpoint of view (seeFigure3.12).
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Figure3.12:An exampleof ascenegraph.

The Rendering Modes

TheJava3D API providesthreedifferentmodesto renderthegivenvirtual universe:immediatemode,
retainedmode,andcompiled-retainedmode. Thedifferencebetweenthesemodesis thepossibility
to optimisetheexecutionof therenderingof theactualscene.Eachsuccessive modeprovidesmore
freedomfor optimisations.Thethreemodesarein moredetail:

� Immediate Mode
Immediatemodeprovides the lowest level for optimisations.The applicationdoesnot build
a scenegraphbut providesa Java 3D draw methodwith all points,lines,andtriangleswhich
shouldbedisplayedin theselectedscene.Thesegraphicalobjectsarethenrenderedby theJava
3D renderer.

� RetainedMode
Within retainedmodetheapplicationhasto build a scenegraphwhich describesthecomplete
scene.To optimisetheexecutionof therenderingtheapplicationhasto specifywhichelements
of thescenemaychangeduringruntime.

� Compiled-RetainedMode
Compiled-retainedmodeprovidesthehighestlevel for optimisationsat thescenegraphlevel.
Likeretainedmode,theapplicationhastobuild ascenegraphandhastospecifywhichelements
of thescenemaychange.To optimisetheexecutionof therenderingprocesssomepartsof the
scenegraphcanbecompiledinto aJava 3D internalformat.
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Figure3.13:Thebindingbetweenanapplicationwritten in Java andtheOpenGLgraphicslibrary.

3.6 Java and OpenGL

OpenGL[NDW93] [Ope], introducedin 1992,is themostwidely adaptedgraphicslibrary for deve-
loping interactive, portabletwo-dimensionalandthree-dimensionalgraphicsapplications.Thehigh-
quality, high-performancegraphicalcapabilitiesof OpenGLprovidesa broadsetof rendering,tex-
ture mapping,andotherpowerful visualisationfunctions. OpenGLhasbeenportedto all popular
platformsandenablesdevelopersto developportablegraphicalapplications.

SinceJavabecameapopularprogramminglanguage,bindingsbetweentheplatform-independent
Java programminglanguageandthe platform-dependentOpenGLlibrary emerged. An exampleof
sucha bindingbetweenJava andOpenGLis Jogl [Jog]. OpenGLbindingsfor Java try to provide a
completesetof Java bindingsto the OpenGLgraphicslibrary. As Figure3.13shows forwardsthe
OpenGLfor Java binding thegraphicalmethodsfrom theJava applicationto native methodsof the
OpenGLgraphicslibrary.



Chapter 4

Inf ormation Pyramids

4.1 Intr oduction

The visualisationof information is an importantpart of the field of humancomputerinteraction.
Moderncomputersystemshave to dealwith hugeamountsof informationandthis informationmust
somehow be visualised. The humanbrain is not capableof storing large amountsof information
in its short term memory[Mil56]. Thereforethe designersof userinterfaceshave to find waysto
visualiseinformationsothattheusercandealwith it. As hierarchiesarevery oftenusedto structure
information,theintuitive visualisationof hierarchiesis avery importantquestionin humancomputer
interaction. Chapter2 gave a brief introductionto someof the numeroustechniquesto visualise
hierarchies.As it is easyto visualisesmall, compacthierarchies,mostof the describedtechniques
considerthequestionof visualisingvery largehierarchies.Althoughthereareexisting techniquesto
visualiselargehierarchies,it is interestingthateventodaya treerepresentationis mostoftenused.

InformationPyramids,asdescribedin [AWP97][Wol98], areanew approachfor visualisingand
manipulatingvery large hierarchies.The main designgoal of the InformationPyramidstechnique
wasto provideasimpleandintuitivemethodto dealwith largehierarchies.Hierarchiesaredisplayed
as pyramidical buildings in a three-dimensionallandscape(seeFigure4.1). As mentionedearlier
small hierarchiesareeasyto visualise. InformationPyramidsweredesignedto efficiently visualise
even very large hierarchies.Hierarchicalinformationstructurescontaintwo kinds of information.
First thereis thecontentinformationthatis associatedwith eachnode.Secondthereis thestructural
information that is associatedwith the hierarchy. InformationPyramidsarecapableof visualising
both the contentinformation as well as the structuralinformation. In order to efficiently usethe
visualisationof a hierarchyit is necessarythat a usercanfocuson differentpartsof the hierarchy.
While doingthis, theglobalcontext mustnot belost. TheInformationPyramidstechniqueprovides
mechanismsto focusonparticularpartsof thehierarchywithout losingtheglobalcontext.

InformationPyramidshavesomesimilaritiesto theFile SystemNavigatorandtheTree-Mapsde-
scribedin Chapter2. Like theFile SystemNavigator, InformationPyramidsusea three-dimensional
landscapeto visualisea hierarchy. Theadvantageis thatthereis betterusageof thethird dimension.
Unlike theFile SystemNavigator, which displaysonly contentinformationasthree-dimensionalob-
jects,InformationPyramidsvisualisethecontentinformationandthestructuralinformationin three
dimensions.Thesimilarity to Tree-Mapsis that theavailabledisplayspacefor childrendependson
thepositionandsizeof their parent(seeFigure4.2). Childrenarenot visualisedwithin theboundary
of theirparentsbut on topof them.

InformationPyramidsusethe three-dimensionalspaceto displaya hierarchy. Thereareseveral
reasonswhy 3D graphicswerechosen.Onereasonwasthat,comparedto two-dimensionalvisuali-
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Figure4.1: Themainwindow of the3D Explorerapplication.
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Figure4.2: Theviewpoint above thepyramidlooking down.
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sations,theusageof theavailabledisplayspaceis muchbetter. As thehierarchycanbedisplayedas
a wholetheusergetsa betteroverview of thestructureof thehierarchy. Anotheradvantageis that it
is easierto displaynotonly thehierarchybut alsoothertypeof contentinformation,e.g.thesizeof a
file on a harddisk. Three-dimensionalvisualisationsaremoreintuitive for theuseranddo not seem
to beasabstractassometwo-dimensionalapproaches.

The remainingpart of this chapteris going to describethe InformationPyramidstechniquein
moredetail.Theexamplehierarchiesaredirectorytreesof aharddisk.

4.2 The Pyramid

The InformationPyramidstechniquecanbe usedto draw hierarchiesaspyramidicalobjects. The
mainadvantageis thatevenvery largehierarchiescanbecompactlyvisualisedasa landscape.This
sectiondescribesthe layoutof thedifferentnodeswithin thepyramid. ThenameInformationPyra-
midscomesfrom theoverall visualimpressionof thevisualisationwhich is thatof a pyramid.

The root of thehierarchyis positionedat thebottomof thepyramid. Descendingthehierarchy
causesthepyramid to grow upwards.Theroot nodeis representedby a square-shapedplateau.The
childrenof the root nodearepositionedatopof this plateau. If a child is an inner node(an empty
directoryof a file systemis alsoan innernode!),it is alsorepresentedasa plateau.Leaf nodesare
representedby smallerthree-dimensionalobjects. Thereforeleaf nodescaneasilybe distinguished
from inner nodes. This supportsthe user to gain a betteroverview of the hierarchyand to find
informationfaster. Inner nodesareplacedstartingfrom the top left cornerof their parent’s plateau
while leafnodesarearrangedat thebottomleft cornerof it. Startingat therootnodeandgoingdown
thehierarchythesamelayoutmethodis usedrecursively.

Thesizeof thebaseplateauis thesamefor all hierarchies.Thatmeansit is independentof thesize
of thehierarchy. As only theheightof thepyramidgrows,thetotalsizeof it dependsonthenumberof
levelsin thehierarchyonly. With this techniquetwo hierarchieshaving thesamenumberof levelsbut
a completelydifferentnumberof nodeshave approximatelythesamesizein the three-dimensional
space.

Goingdown thehierarchytherepresentationsof thenodesbecomesmallerandsmaller. Thesize
of childrenrelative to the sizeof their parentsis moreor lessalwaysthe same.As the numberof
children is not the samefor all nodes,the real sizeof a nodeis calculatedsuchthat the resulting
visualisationis visually appealing.As nodesbecomesmallerif they aredeeperin the hierarchy, a
zoomingmechanismis provided.

Therearemany possibilitiesfor arrangingthe childrenof a nodeatop their baseplateau. The
orderof theirarrangementcanbeusedto visualisesomeotherpropertiesof their informationcontent.
For example,thechildrencouldbesortedandthearrangementcouldvisualisethis sorting. Another
possibilityto visualisemoreinformationthanonly thehierarchyis to usedifferentcoloursandsizes
of thenodes.Differentcolourscouldvisualisedifferenttypesof information. A nodethathasmore
informationcontentthananothernodecouldbevisualisedlarger. Moreinformationcontentcouldfor
examplemeanthata nodehasmorechildrenthananothernode.Therearetwo advantagesif a node
with moreinformationcontentis visualisedlarger thana nodewith lessone. First the usereasily
recognisesthe differentsizesandsecondthereis morespaceavailable to displaythe childrenof a
largernode.
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4.3 Visualisationof an Inner Node

Theroot nodeandevery innernodeof a hierarchyis representedby a square-shapedplateau.Inner
nodesarepositionedatoptheplateauof their parents,startingfrom thetop left cornerof theplateau.
Theareaon thetop of a plateauwhich is availablefor theplacementof innernodechildrendepends
on thenumberof childrenthatareleaf nodes.If thereexist innernodes,themaximumareawhich is
availablefor leaf nodesis thebottomhalf of thecompletearea.If the leaf nodesdo not fill this half
areacompletelytheremainingpartis alsoavailablefor theplacementof innernodes.Thatmeansthe
availableareafor inner nodesis thecompletetop areaof theplateauof their parentminusthearea
availablefor leafnodesthataretheir siblings.

Theareawhich is availablefor theplacementof innernodesmustbedividedin a reasonableway
to containall innernodechildren. It is not necessarilyusefulto representall thosenodesby equally
sizedplateaus.Thesizeof aplateaucanbeusedto visualisemoreinformationthanjust thestructure
of thehierarchy. If plateauswith differentsizesshouldbeused,everynodehasto beassignedavalue
thatrepresentsits size.Theavailableinformationwhichcouldbeusedfor thispurposeis for example:

� thenumberof children,

� thenumberof all leafnodesof asubhierarchy,

� or thesizeof a directoryif adirectorytreeis visualised.

Therearesomeadvantagesif different sizesareusedfor the plateaus.The usergetsa better
overview of the structureof the completehierarchyif different sizesare used. The partsof the
hierarchythatcontainmoreinformationarevisualisedlargerthanthosewhereonly someinformation
canbefound. It is thereforeeasierfor theuserto find information. Of course,it is only possibleto
comparetheabsolutesizesof siblingsbecausethesizeof aplateauis calculatedlocally anddepends
onthesizeof its baseplateau.It is notguaranteed,thatthosepartsof thehierarchycontaintheneeded
informationbut thereis anotheradvantageof this approach.Themorenodesarewithin onepartof
thehierarchythemorespaceis neededto draw them.If equallysizedplateauswouldbeuseda node
with just onechild would have thesamesizeasa nodewith many children. Onedesigngoalof the
InformationPyramidswasto maximisetheusageof theavailabledisplayspace.Differentsizesmake
thispossible.

To lay out theplateausdifferentalgorithmscanbeused.Theavailableareafor thechildrenof a
nodeis eitherasquare,if nochildrenof anodeareleafnodes,or a rectangle.Theproblemof placing
the square-shapedplateausinto a rectangularareais non-trivial. The layout of the plateauscanbe
usedto visualisesomekind of sortingof thechildren.A layoutalgorithmshouldfulfil thefollowing
criteria:

� As evenvery largehierarchiesshouldbevisualisedtheperformanceof thealgorithmshouldbe
sufficientenoughto lay out thehierarchiesin a reasonabletime.

� Theavailabledisplayspaceshouldbeusedasoptimalaspossible.

� Thelayoutof theplateausshouldhelptheuserto find informationfaster.

4.4 Visualisationof a Leaf Node

All the leaf nodesof the hierarchyarevisualisedassmall objects. The screenshotsin this chapter
show the leaf nodesassmall squarepedestalsbut othervisualisationsarealsopossible.The reason
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why leaf nodeshave anothervisualappearancethaninnernodesis thata usercaneasilydistinguish
them.

Thesizeof a leaf nodeis calculatedrelative to thesizeof its parent.Innernodesarevisualised
assquare-shapedplateaus.Thesizeof a plateaudependson its positionin thehierarchy. Thedeeper
an inner nodeis in the hierarchythe smalleris its visual representation.The sameis true for leaf
nodes.Thesizeof a leaf nodeis alwayscalculatedin a way that it still canberecognisedandit still
looksgoodrelative to thesizeof its baseplateau.Thespacebetweentwo neighbouringleafnodesis
selectedin away thatthey caneasilybedistinguished.

If thereare no siblings that are inner nodesthe whole top areaof the plateaucan be usedto
arrangethe leaf nodes.If thereexistsat leastonesibling that is an innernodeonly half of this area
is goingto beused.Thenumberof leaf nodesiblingsis not known in advance.Therefore,their size
hasto becalculatedin a way thatall of themcanbepositionedin theavailablearea.Therearemany
possibilitiesto arrangethe leaf nodesin theavailablearea.The simplestway is to arrangethe in a
matrix. Anotherpossibilitywouldbeto sorttheleafnodesandarrangethemin rows andcolumns.

The representationof the leaf nodescanbe usedto visualisedifferentattributesof them. This
shouldhelp the userto find informationandto get a betteroverview of the hierarchyduring navi-
gation. Thedifferentattributesof the leaf nodesthatcanbedisplayeddependon thecontentof the
visualisedhierarchy. Figure4.3shows a screenshotof apyramidthatusescolourcodingto visualise
differentfile types.Attributesof thesmallobjectsthatcouldbeusedto visualiseattributesof theleaf
nodesare:

� Thecolour

� Theheightor absolutesize

� Usageof anicon insteadof asimpleobject

4.5 Navigation

Not only the visual presentationis important,but also the navigation andexplorationof an infor-
mationhierarchyis very important.Thecompactthree-dimensionalvisualisationof theInformation
Pyramidstechniqueenablesthe designerof a user interface to provide many different navigation
methods.Figure4.4shows thescreenshotof apyramidwheretheuserzoomedinto thevisualisation.
As JosefWoltenotedin [Wol98]:

“The mainpurposeof a visualisationis to facilitatetheexplorationof information. Vi-
sualisationsthereforehave to provide navigational tools. The 3D landscapeof the In-
formationPyramidsis very flexible, so many differentnavigation methodscanbe im-
plemented.However, the input devicesof anaveragePCarenot designedfor usewith
three-dimensionalinterface. Sogreatefforts have to bemadeto designa userinterface
for the3D visualisation,whichcanbeeasilyusedwith themouseandkeyboard.Possible
navigationaidsinclude:

� A navigation modeto move freely through3D space. Sucha navigation mode
ensurestheusergainsanoverview over thehierarchicstructure.

� The usershouldbe able to easily navigate to the interestinginformation. This
meansproviding mechanismsto move easilyto child nodesor to theparentnode,
sotheusernavigatesrapidly to thedesiredlevel of thehierarchy.
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Figure4.3: A screenshotof apyramidthatusescolourcodingto visualisedifferentfile types.
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� Specialviews of the landscapesuchasa top view shouldbereachablequickly. A
top view displaysthegroundplanof a plateau.This shouldnot only work for the
root plateau,but alsofor every otherplateau.

� Oftenusedviews of thehierarchyshouldbereachedwithout muchnavigation. A
simplemouseclick or akey shortcutshouldbeenoughto move to suchviewpoints
of thehierarchy. Also, facilities to defineandmanagesuchviewpointsshouldbe
provided.

� Searchfunctionalitycanbeusedto navigatequickly throughtheinformationspace.
Thesearchresultscouldbehighlightedandsomeeasyto usefacility shouldmove
theuserbetweentheseobjects.

� A navigation history which tracksthe navigation through3D space.It would be
usefulto beableto undoor redonavigationalactions.”

During navigationthemotionfrom onepositionto anothershouldbesmoothlyanimated.As the
userbuilds contextual informationduringnavigationsimply switchingfrom onepositionto another
would distractthe user. It is even possiblethat the userloosesthe global context completelyand
hasto start exploring the information spaceagain. It would also prevent the userfrom getting a
goodoverview of the whole hierarchy. The speedof the animationshasto be considered,too. If
theanimationis too fastit hasthesamenegative effect thansimply switchingfrom onepositionto
another. If it is too slow it is annoying to the userandpreventscontinuouswork. A suggestionof
humancomputerinterfaceresearchis thatananimationshouldtake aboutonesecond[RCM93].

It is importantthattheuseris ableto recognisehierarchiesor partsof hierarchiesevenif notseen
for a long time. If thevisualisationswerenot consistentover time, it would beimpossibleto getan
overview of thehierarchicalstructure.This doesnot meanthatdifferentmethodsto lay out or sort
nodesshouldnotbeimplemented.It is eveneasierfor theuserto find specificinformationif different
layoutandsortingpossibilitiesareprovided.

It is not alwaysusefulto displaythehierarchyasa whole,but sometimespreferablelet theuser
decidewhich partsof thehierarchyshouldbedisplayed.Theuserinterfaceshouldthereforeprovide
navigationalaidsto expandor collapsedifferentpartsof thehierarchy. If theuserexpandsa subtree
of thehierarchyonly severallevelsshouldbeexpandedandnot thewholesubtree.Thishelpstheuser
to understandwhathappenedandto getabetterfeelingfor thestructureof thehierarchy.

Sometimestheuserfindsaspecificpartof thehierarchyanddecidesthatonly thispartis of further
interest.Thusa pruningmechanismshouldbeprovided. Theselectedplateauis goingto bethenew
baseplateauof thevisualisation.Only its childrenaredisplayedandall otherpartsof thehierarchy
disappear.

4.6 3D Explorer

The 3D Explorer [Wol98] wasthe first applicationto implementInformationPyramids. It is com-
pletelywritten in Java but it usesOpenGL,a platform-dependentgraphicslibrary. The intentionof
thedevelopersof the3D Explorerwasto developanapplicationthatcanbeusedasa “proof of con-
cept” for theInformationPyramidstechnique.As the3D Explorerhasbeendevelopedin aperiodof
time wherenot all of thepossibilitiesof theInformationPyramidstechniquewereknown, not all of
themwereimplemented.Neverthelessmany very interestingexperimentalfeaturesandoptionshave
beenimplemented.Theapplicationhasbeenusedfor usabilitytestingpurposesandmany important
featuresof theInformationPyramidshave beenfound.
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Figure4.4: A screenshotof apyramidwheretheuserzoomedinto thevisualisation.
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The 3D Explorer is a visual exploration tool for file systems.This hasthe advantagethat not
many prerequisiteshave to be fulfilled to run the program. The most importantfeaturesthat have
beenimplementedare:

� The usercanselectbetweendifferenttypesof layoutalgorithms.Thereexists a layout algo-
rithm to lay out equally-sizedplateausandanotheroneto lay out plateausthathave different
sizes.Thelayoutalgorithmstry to maximisetheusageof theavailabledisplayspace.

� The visual representationsof thefiles displaysomeattributesof them. The colour is usedto
visualisethetypeof thefile andtheheightis proportionalto its size.

� Theusercanselectbetweendifferenttypesof sortingmethodsfor thefilesanddirectories.

� Therearesophisticatedfacilitiesto enableasimplenavigationthroughthevisualisedlandscape.

� Greateffortshavebeenmadeto find valuesandalgorithmsto calculatetheabsolutesizesof the
plateaus,thatrepresenttheinnernodes,andsmallobjects,thatrepresenttheleafnodes.

� Theobject-orientedapproachof theapplicationmakesit easyto develop furtherversionsthat
visualisehierarchiesotherthanafile system.

4.7 3D Explorer for VRML

The3D Explorerfor VRML 1 wasthesecondapplicationthatimplementedtheInformationPyramids
technique.The programminglanguagethat hasbeenusedwasJava. The main differencebetween
the3D Explorerandthe3D Explorerfor VRML is thattheversionfor VRML doesnotuseOpenGL.
Instead,aVRML browserisusedtovisualisetheInformationPyramids.A standardizedprogramming
interface, the ExternalAuthoring Interface(EAI), is usedfor the communicationbetweenthe 3D
Explorer for Java applicationand the VRML browser (seeFigure 4.6). The applicationproduces
VRML scenegraphs[CB97] whicharetransportedthroughtheEAI to theVRML browserfor display
(seeFigure4.5).

All userinteractionis handledby eventlistenerswritten in Java. Theeventlistenersareinformed
by the VRML browserof useractivities. Thenthe event listenersreactto the userinteractionand
producenew scenegraphsor partsof themto sendto the VRML browserover the EAI. Thusthe
possibilitiesto reacton userinteractiondependon the implementationof theusedVRML browser.
This approachhasthe disadvantagethat the visualisationand interactionwith the usercannotbe
implementedveryflexibly. By usingagraphicslibrary, suchasJava2D or Java3D, it is possibleboth
to write applicationsthat producemoresophisticatedvisualisationsandto make the userinterface
moreconvenientfor theuser.

1VRML standsfor Virtual RealityModellingLanguage
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Figure4.5: The VRwave VRML browserdisplayingthe InformationPyramidproducedby the 3D
Explorerfor VRML application.
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Figure4.6: The 3DExplorerfor Java applicationusesthe EAI for the communicationbetweenthe
applicationandtheVRwaveVRML browser.
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Chapter 5

The Java Pyramids Explorer

5.1 Intr oduction

TheInformationPyramidstechniqueseemsto bea goodsolutionto visualisehierarchies.Evenvery
largehierarchieswith thousandsof nodescanbevisualisedcompactlyandmanageablefor theuser.
Thefirst applicationsthatusedtheInformationPyramidstechniquewerethe3D Explorerandthe3D
Explorerfor VRML. They have beendevelopedto beusedasa proof of conceptfor this technique.
In spiteof theadvantagesof theInformationPyramidstechnique,theseapplicationshave still some
disadvantages.Themainproblemsare:

� Thevisualisationgivesa goodoverview of thehierarchicalstructurebut it is still not easyto
find informationfastandefficiently.

� Most usersarenot really familiar with navigation throughthree-dimensionallandscapes.In
spiteof thenavigationalaids,they oftenloosetheglobalcontext of their currentposition.This
meansalsothatit takeslongerto getanoverview of thewholehierarchy.

� Thereis still no goodsolutionon how to displaytextual informationwithin the visualisation
of the hierarchy. Using differentarrangements,sizes,shapesandcoloursmany attributesof
thehierarchicalinformationcanbedisplayed.Nevertheless,to find information,a textual de-
scriptionof the nodesis importantto the user. The compactvisualisationof the Information
Pyramidsmakesit impossibleto displaya textual descriptionof every nodeof thehierarchy.

� The3D Explorerand3D Explorerfor VRML weredevelopedusingJava but their implemen-
tationsarenot 100%pureJava. 3D ExplorerusesOpnGL andthe 3D Explorer for VRML
assumesthe availability of a VRML browser. As 100%pureJava graphicslibrariesexist, it
seemsmoreportableto developapplicationsusingtheselibraries.

The main purposebehindthe Java PyramidsExplorerwasto find solutionsfor theseproblems.
The Java PyramidsExplorer(JPE)is an applicationwhich visualisesthehierarchicalstructureof a
file system.It wasdevelopedusing100%pureJava andthetechniquesdescribedin Chapter3. The
Java DevelopmentKit usedis theJDK 1.2,alsocalledJava 2. TheSwingpackageandtheJava 2D
API arealreadyincludedin thisversionof theDevelopmentKit. In orderto visualisehierarchiesthe
InformationPyramidstechniqueis usedin combinationwith traditionalapproacheslike a treeanda
list. Thedirectoriesof thefile systemarevisualisedthroughthe InformationPyramidandthe tree.
Thefiles containedin theselecteddirectoryaredisplayedin thelist.

Thedecisionwhichvisualisationis usedfor navigationdependson theuseronly. Thenavigation
within onevisualisationmethodaffectstheotherviews, too. Thethreeviewsaresynchronisedall the
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time. Thereareseveralreasonswhy theusageof InformationPyramidstogetherwith a treeanda list
areanadvantageto theuser, including:

� Usersare familiar with working with treesand lists. Thus the usercan decideto navigate
throughthehierarchyby usingtheseviews but hasalsoall theadvantagesof thevisualisation
of an InformationPyramid. If it is needed,thereis alwaysthe possibility to switch between
navigationmethods.

� A textual descriptionof thenodesis visible in thetreeandthelist. Thusit is easierandfaster
to find thedesiredinformation.

� The InformationPyramiddoesnot display the files of the file systembut only the directory
tree. Thereforethere is more spaceavailable to display the hierarchicalstructure. To find
files it is essentialto seetheir names.As it is not possibleto draw the namesof the files in
the InformationPyramid,the files arenot drawn at all. Instead,a simplelist is usedfor this
purpose.If auserselectsadirectoryin theInformationPyramidor thetree,thelist displaysthe
files containedin it.

InformationPyramidsareathree-dimensionalvisualisationtechnique.TheJPEdoesnotproduce
afull three-dimensionalbut asimulatedthree-dimensionalvisualisationof thepyramids.Not all sides
of thepyramidaredrawn andtheusercannotseethepyramidfrom below. Therefore,this simulated
three-dimensionalvisualisationalsolimits thenavigationalpossibilitiesfor theuser. Thisseemsto be
adisadvantagebut thepurposeis thatthenavigationcanbesimplified. It is harderto getlost in space
andto loosetheglobalcontext of thecurrentpositionin thelandscape.

The JPEusesthe Java 2D API to display the pyramids. Thereare two reasonswhy a two-
dimensionalgraphicslibraryhasbeenusedinsteadof athree-dimensionalone.First,theJPEproduces
only a simulatedthree-dimensionalvisualisationof the pyramid andeven with a two-dimensional
graphicslibrary thiscaneasilybeaccomplished.Second,theJava 2D API is alreadypartof theJDK
1.2andthereforeno otherpackageis neededto run theapplication.

5.2 The User Interface of the Application

The userinterfaceof the JPEwasdesignedto fulfil the needsof modernapplications.To give the
usereasyaccessto thefunctionalityof theapplicationa menubaranda tool barareused.Theuser
interfacecontainsthreedifferent views to visualisethe hierarchicalinformation. Furthermoreone
panelis usedto displayadditionalattributesof selectednodes.Figure5.1displaysthedifferentparts
of theapplicationwindow. Thepurposeof eachpartof thevisualisationis:

� The Inf ormation Pyramid
Onepanelis usedto visualisethedirectorytreeof the selectedfile systemasan Information
Pyramid.Only thedirectoriesaredisplayedandnot thedirectoriesandthefilesasawhole.

� The TreeView
Thetreeview visualisesthesamedirectorytreeastheInformationPyramid.Thefiles arenot
displayedin thetreeview either.

� The Childr enList
Both theInformationPyramidandthetreeview donotdisplaythefilesof thefile system.This
is thereasonwhy thelist is used.It displaysall childrenof aselecteddirectory.
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Figure5.1: Themainwindow of theJPEapplication.

� The PropertiesPanel
Thepropertiespanelis usedto displayadditionalinformationsuchastheabsolutepathandthe
sizeof selectednodes.

Thenext sectionsdescribethesefour panelsin moredetail.

5.3 The Inf ormation Pyramid

TheInformationPyramidview (seeFigure5.2)visualisesthedirectorytreeof theselectedfile system.
Thisview visualisesonly thedirectoriesanddoesnotdisplaythefiles,sothatmorespaceis available
to displaythehierarchicalstructureof thefile system.To displaythegraphicsof thisview theJava2D
graphicslibrary is used.Thevisualisationis asimulatedthree-dimensionalmodelof theInformation
Pyramid.Thusthepyramidcannotbeviewedfrom below. Thisvisualisationtechniquesimplifiesthe
navigationthroughthelandscapefor theuser.

To help theuserin exploring thehierarchyandfinding informationsomeattributesof thepyra-
mid canbe adjusted.Therearedifferentwaysto sort the directoriesbeforethey arearrangedand
displayed.Theusercanselectbetweenthefollowing sortingalgorithms:

� Sort by Name
Thedirectoriesaresortedby thenameof their path.

� Sort by Size
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Figure5.2: Thepyramidview usingtheInformationPyramidstechnique.

Thesizeof a directoryis thetotal numberof bytesoccupiedby its children.Thechildrenof a
directoryarethefilesandthesubdirectoriescontainedwithin it (recursively).

� Sort by Number of Childr en
Thenumberof childrenof adirectoryarethetotal numberof files plusthenumberof children
of thesubdirectories(recursively).

Theusercandecideif thedirectoriesshouldbe in ascendingor descendingorder. Thesizeandthe
numberof childrenareonly estimatedvalues.Thealgorithmto computethesevaluestypically looks
afew levelsinto thehierarchybut notall levels.Thereasonfor thisestimationis to gainperformance,
becauseif avery largedirectorytreehasto bevisualised,thecomputationof thecorrectvaluescould
take too long. Thenumberof levelscanbedefinedby theuser, thedefault valuebeing2 levels.

Anotheradjustableattributeof thevisualisationis thelayoutof theplateausin thepyramid. The
object-orienteddesignof the JPEapplicationmakes it easyto develop different layout algorithms
andto usethemfor thearrangementof thedirectories.By default, theJPEhastwo differentlayout
managerswhichcanbeused:

� Box Layout
The Box Layout layout managerdisplaysthe directoriesusing equally-sizedplateaus. The
plateausarearrangedin rows andcolumnsandtheorderin which they aredrawn dependson
theusedsortingmethod.Thearrangementof thedirectoriesstartsin theupperleft cornerof
thecorrespondingbaseplateau.

� SizeSortedLayout
This layoutmanagercomputesdifferentsizesfor theplateaus.Thearrangementof theplateaus
dependson thesortingalgorithmused.TheSizeSortedLayout is describedin moredetail in
Chapter6.
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Figure5.3: Thepyramidview displaysthenamesof someof thedrawn directories.

During exploration it is importantto displaya textual descriptionof the nodes. Thereforethe
namesof the directoriescan be displayedif needed(seeFigure 5.3). In the visualisationof the
pyramid,thereis too little spaceavailableto draw thenamesof all visiblenodes.Thusonly a textual
descriptionof somenodes,thoseseeminglyimportant,aredisplayed. Of course,it is not easyto
decidewhichnodesareimportantat themoment.Thereforethenamesof theselectednode,its parent
andtwo of its siblingsaredrawn. This seemsto be a goodcompromise.Which siblingsaretaken
dependson the selectednodeandthe usedsortingalgorithm. If the selectednodeis the first one
comparedto the sortingorder, the next two siblingsare taken. If it is the last one, the two nodes
beforeit aretaken.Otherwiseonenodebeforeit andonenodeafterit is taken.

5.4 The TreeView

Thetreeview (seeFigure5.4)visualisesthesamehierarchicalstructureastheInformationPyramid
view. Thegraphicalcomponentusedfor the treeis theJTreeclassof theSwingpackage.The tree
view andthe pyramid view aresynchronisedon userinteraction. If a subdirectoryof thehierarchy
is expandedor collapsedin oneview it is reflectedin both the treeview andthe pyramid view. A
selectionof anodeleadsto aselectionin bothviews, too.

Therearetwo main reasonswhy the treeview is usedin theJPEapplication.Firstly, usersare
familiarwith workingwith suchoutlinevisualisationsof hierarchies.If auserdoesnotwantto usethe
navigationalfacilitiesof thepyramidit is still possibleto usethetreeview for navigation. Secondly,
thetextualdescriptionof thenodesaredisplayedin thetreeview. It is notpossibleto displayall these
namesin thepyramidview but in thetreeview it is possible.
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Figure5.4: Thetreeview.

5.5 The Childr en List

If auserselectsadirectoryin thepyramidview or thetreeview thechildrenlist displaysits children.
Sincebothpyramidandtreeviewsdonotdisplaythefilesof adirectory, this is theonly possibilityfor
theuserto find files. As Figure5.5shows,boththesubdirectoriesandthefilesof aselecteddirectory
aredisplayed.To beableto distinguishthesubdirectoriesfrom thefiles,anicon is drawn in front of
thenameof adirectory.

Theclassthatis usedfor thelist componentis theJList classof theSwingpackage.Thelist can
be usedfor navigation throughthehierarchy, too. If a subdirectoryis openedin thechildrenlist, it
is alsoopenedin thepyramid view andthe treeview. Thefiles in the list canbesortedin different
ways,eitherascendingor descending.Thedifferentsortingmethodsthatcanbeusedare:

� Sortby Name

� Sortby Size

The Filter field of the childrenlist canbe usedto apply a filter for thefiles in thechildrenlist.
Theusercanusethe* wildcardto applyusefulfilters. Possiblefilters are:

filename display only files that exactly match "filename"
*filename display all files that end with "filename"
filename* display all files that start with "filename"
*filename* display all files that contain the word "filename"

5.6 The PropertiesPanel

Thepropertiespanel(seeFigure5.6)displaysseveralattributesof aselecteddirectory. Theattributes
thataredisplayedin thecurrentversionof theJPEare:

� Name
TheNamefield displaystheabsolutepathof theselecteddirectory.
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Figure5.5: The childrenlist, both the subdirectoriesandthe files of the selecteddirectoryaredis-
played.

Figure5.6: Thepropertiespanel.

� Size
TheSizefield displaysthesizeof theselecteddirectory.

� Childr en
TheChildrenfield displaysthenumberof childrenof theselecteddirectory.

5.7 Navigation

As the JPEapplicationprovides threedifferent views of the hierarchicallystructuredinformation,
thereare numerousways to explore the information space. As most usersare not familiar with
working with three-dimensionallandscapes,the treeview andthe childrenlist canbe usedlike an
ordinary tree-basedfile systembrowser, e.g. like the Windows Explorer, to explore the hierarchy.
Nevertheless,thenavigationalpossibilitiesof JPEgo far beyondthepossibilitiesof anordinarytree-
basedbrowser.

Thepyramidview of theJPEapplicationprovidesthemostimportantnavigationalfacilitiesto the
user. Thesimulatedthree-dimensionalvisualisationof thepyramidmakesit easierto provide simple
navigationalaidsto explorethethree-dimensionallandscapethana completethree-dimensionalone.
Theusercannotmove throughthelandscapeasfreelyasin the3D-Explorerapplications.Insteadthe
usercanchangetheviewpoint within thevisualisationby usingthe threeslidersthatarepositioned
at threesidesof the pyramid view panel. Thesethreesliderscanbe usedto rotatethe axesof the
pyramidandto zoominto thevisualisation.Figure5.7shows theaxesof thesceneryandlabelsthe
threesliders.Thesliderat thebottomof thepanelis usedto rotatethesceneryaroundits Z-axis.The
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Figure5.7: Theaxesof thepyramidin thepyramidview.

sliderto theright of thepanelrotatesthesceneryaroundits X-axisandtheoneat thetopof thepanel
canbeusedto zoomto aselectednode.ThescenerycanberotatedaroundtheX-axisandtheZ-axis
between0 and90 degrees.

Theuseralsohasthepossibilityto selectbetweenthreepredefinedviewpoints.Thesethreeview-
pointsrotatetheaxesof thesceneryto valuesthatseemto beusefulasstartingpointsfor exploration.
Thepredefinedviewpointsare:

� Top View
The view from above thepyramid looking downwardscanbe usedto get an overview of the
differentsizesof partsof thehierarchy.

� Front View
This view is usefulif a userwantsto know how deepdifferentpartsof thevisualisationare.

� 3D View
The3D View givesagoodoverview of thewholevisualisedlandscape.

Figure5.8,Figure5.9andFigure5.10show thesethreedifferentviewpointsfor onescenery. To be
moreflexible, a userdefinedviewpoint canbe selected,too. The valuesof the rotationanglesare
storedandcanberecalledevenif theuserclosestheapplicationandstartsit again.

Thepyramidview alsoprovidesmethodsto selectnodesandto hideor openpartsof thehierarchy.
The usercanselecta directoryby clicking on it with the mouse.A white wireframebox is drawn
arounda selectedplateau.A selecteddirectorycanbeexpandedor collapsedby clicking on it with
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Figure5.8: Thetopview.

Figure5.9: Thefront view.
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Figure5.10:The3D view.

themouse.If thedirectorywasalreadyexpanded,it is collapsedandits childrenareno longerdrawn
until it is expandedagain. If the userexpandsa node,not only onelevel of childrenis openedbut
typically several levels.Thenumberof levelsexpandedcanbedefinedby theuser.

Thereis alsothepossibility to selecttheparentof thecurrentlyselecteddirectory. This naviga-
tional aid helpstheuserto go deepinto thehierarchyandto go backagain,level by level, if needed.
Therearetwo morenavigationalfacilitiesthatshouldbementioned.Firstly, thereis thepossibilityto
expandall nodesthataredeeperin thehierarchythanaselectednode.This facility is calledOpenAll
Children. Secondly, theusercanselecta nodeandtell theapplicationthat theselectednodeshould
bethenew root directoryof thevisualisation.This navigationalaid is calledMakeRoot.



Chapter 6

SelectedDetailsof the Java Pyramids
Explorer

6.1 Intr oduction

Thischapterdescribessomeof theimplementationdetailsof theJavaPyramidsExplorer(JPE)appli-
cation.Someof thefollowing sectionsareusefulto understandthetechniquesthatweredevelopedto
increasetheusabilityof theInformationPyramidstechnique.Othersectionscanbeusedif a deeper
knowledgeof theusedprogrammingmethodsanddesignpatternsis needed.

The programminglanguagethat hasbeenusedto develop the JPEapplicationwasJava, more
specificallythe Java DevelopmentKit (JDK) 1.2, alsocalledJava 2. As Java is an object-oriented
programminglanguagetheapplicationwasdesignedanddevelopedusingobject-orientedtechniques.
Most of theuseddesignpatternscanbefoundin [GHJ 95]. TheJPEapplicationcontains75classes
but morethanhalf of themareinnerclassesthatareusedfor eventhandlingpurposesof thegraphical
userinterface.Only 23 of the75classesarenotusedfor eventhandlingpurposes,but notall of them
areimportantfor understandingof the implementationdetails. The following sectionsdescribethe
classhierarchyof theapplication,the purposeof the importantclassesandthe interactionbetween
thesedifferentclasses.

The classdiagramof the JPEapplicationis shown in Figure6.1. The figure shows only those
classesthatarenecessaryfor theunderstandingof theimplementation.Theusednotationfor theclass
diagramis theObjectModellingTechnique[RBP 90]. All classesof theapplicationaremembersof
the iicm.JExplorer package.

6.2 JExplorer

TheclassJExplorer is themain classof the implementation.It is only usedto starttheapplication
andto bringup awelcomewindow. It implementsthemain()methodlike following:

public static void main(String[] args) {
new WelcomeWindow();

} //endmain

The welcomewindow is an instanceof the WelcomeWindow class. This classdisplaysa welcome
message,opensthemainwindow of theapplicationandclosesitself again.

63
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Figure6.1: Theclasshierarchyof theJPEapplication.
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Figure6.2: Themainwindow of theJPEapplication.

6.3 MainW indow

TheMainWindowclassof the iicm.JExplorer packagehasseveralfunctionswithin theapplication.It
is a window thatcontainsall thecomponentsof themainwindow of JPE.Figure6.2shows theuser
interfaceof this class.It contains:

� Themenubar

� Thetool bar

� Thethreevisualisationsof thehierarchicalinformation

� Thepropertiespanel

� Thestatusbar

FurthertheMainWindowclassis usedfor eventhandlingpurposesandthesynchronisationbet-
weenthethreedifferentviews. Eventhandlingis doneusinginnerclasseswhich arelistenersto the
graphicalcomponents.Theadvantageof usinginnerclassesis, thatan innerclasshasaccessto the
variablesof its parentclass.Thus,if anevent listenerclassthat is aninnerclasswantsto reador set
valuesof the componentsthat arereferencedby its parentclass,this cansimply be doneby using
the referencesof theparent.TheMainWindow classhandlesthesynchronisationbetweenthe three
differentviews, too. It is akind of listenerthatis informedby theviews on userinteractionsandit is
alsoakind of controllerthatforwardstheseinteractionsto theotherviews. If needed,theinteractions
areforwardedto thepropertiespanel,too.



66 CHAPTER6. SELECTEDDETAILS OF THE JAVA PYRAMIDS EXPLORER

Initial valuesfor JPEoptions,suchasthesortingorder, theuserdefinedview, etc.,arestoredin
propertyfilesontheharddisk. Thesevaluesareloadedwhentheapplicationis restarted.Theoptions
aresavedif theuserselectsthecorrespondingmenuitem. TheMainWindowclassprovidesmethods
to reador write the optionsfrom or to the propertyfiles. If an objectof the MainWindow classis
instantiated,theconstructorloadstheoptionsandsetsthevaluesof themenusandstatevariables.

6.4 Hierar chyFactory

Onedesigngoalof theJPEapplicationwasto make it easyto visualisedifferenttypesof hierarchies.
Thecurrentimplementationis usedto displaythehierarchicalstructureof thedirectorytreeof ahard
disk. Furtherimplementationscouldbeusedto visualisehierarchieswith completelydifferenttypes
of informationcontents.An examplewould be that the JPEapplicationvisualisesthe hierarchical
structureof thepagesof a webserver. Thereforea techniquehadto befoundto make it easyfor the
programmerto changetheclassesresponsiblefor theinternalrepresentationof thehierarchicalstored
information.A goodway to accomplishthis is to useanabstractfactorydesignpattern[GHJ 95].

The classHierarchyFactory is suchan abstractfactory. An objectof type HierarchyFactory is
responsiblefor creatingobjectsthatareusedto representthehierarchy. To createtheseobjectsthe
following methodsareprovided:

� getCollection()

� getDocument()

ThegetCollection()methodreturnsanobjectof typeCollection. TheabstractclassCollectionrepre-
sentsaninnernodeof thehierarchy. ThemethodgetDocument()returnsanobjectof typeDocument
which representsa leaf objectof the hierarchy. The Documentclassis an abstractclass,too. Fig-
ure6.3 shows anexampleof thestructureof the internalrepresentationof a directorytree. In order
to build this internalrepresentation,theCollectionclassprovidestwo methodswhich areusedto get
thechildrenof suchaninnernode.Thesemethodsare:

� getSubCollections()
This methodreturnsall children of an inner nodethat are inner nodesby themselves. The
returnedobjectsareinstancesof Collection.

� getSubDocuments()
The methodgetSubDocuments()is usedto return the childrenof an inner nodethat are leaf
nodes.Thetypeof classfor themis Document.

TheJPEapplicationusesthemethodsprovidedby theabstractclassesHierarchyFactory, Collec-
tion andDocumentto accessthehierarchicalstructuredinformation.As all threeclassesareabstract,
they have to besubclassedandtheirabstractmethodshave to beimplementedto getaccessto thehi-
erarchicalinformation.It dependson thesubclasseswhichkind of informationcanbeaccessed.One
implementationcould accessa file systemwhile anotheronecould get its informationfrom a web
server. Only themethodsof theabstractclassesareusedby theotherclassesof theJPEapplication
andthereforetheimplementationscaneasilybeexchangedwithoutchangingtheotherclasses.

Thecurrentversionof theJPEapplicationis usedto displaythehierarchicallystructuredinfor-
mationof a directorytree. Thusthesubclassesaredesignedto accessthis kind of information. The
namesof thesubclassesstartwith FSwhichmeansFile System. Theimplementedclassesare:

� FSHierarchyFactory
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Figure6.3: An exampleof thestructureof theinternalrepresentationof adirectorytree.

� FSCollection

� FSDocument

6.5 Childr enListPanel

The ChildrenListPanel classis a subclassof javax.swing.JPanel. It is usedto display the chil-
dren list view of the application. The list of the children is an object which is an instanceof
the javax.swing.JList class. To display scrollbarsif neededthe list object is addedto a javax.
swing.JScrollpaneobject.

Thedefault implementationof theJList doesnot displayiconsor graphicsin thecellsof thelist
but only text. Neverthelessit is possibleto displayany graphicalcomponentin a JList. Thechildren
list view displaysthe subdirectoriesand files of a given directory. To be able to distinguishthe
subdirectoriesfrom thefilesanicon is drawn in front of thenamesof thedirectories.To displaythese
iconsan own cell rendererclasshadto be implemented.The implementedcell rendereris an inner
classof ChildrenListPanel. Thenameof thecell rendererclassis MyCellRenderer andit is asubclass
of javax.swing.DefaultListCellRenderer. Thecell rendererhasto extendthisclassbecauseotherwise
it couldnotbeusedby theJList. Theonly methodthathasto beimplementedby MyCellRenderer is
getListCellRendererComponent(). This methodreturnsthecomponentthathasto bedisplayedin the
list at agivenindex. Theimplementationof thismethodlookslike following:

public Component getListCellRendererComponent(JList list,
Object value, int modelIndex, boolean isSelected,
boolean cellHasFocus)



68 CHAPTER6. SELECTEDDETAILS OF THE JAVA PYRAMIDS EXPLORER

{
int index = ((Integer)value).intValue();
String text;

if (index < collections_.size()) {
text = (String) collections_.elementAt(index);
setIcon(new FolderIcon16());

} //endif
else {

text = (String) documents_.elementAt(index -
collections_.size());

setIcon(null);
} //endif

return super.getListCellRendererComponent(list,
text, index, isSelected, cellHasFocus);

} //endfunc

To beableto reacton userinteractionsa listenercanbedefinedthat is informedby interactions
with an objectof type ChildrenListPanel. The listenerhasto implementthe ChildrenListPanelLis-
tener interface. Themethodthat is declaredin this interfaceis collectionSelected(). This methodis
calledif theuseropensadirectoryin thechildrenlist view.

6.6 CollectionTreePanel

The treeview of the applicationvisualisesthe hierarchyasa tree. The classCollectionTreePanel
is usedfor this purpose.CollectionTreePanel is a subclassof javax.swing.JPanel. It containsthree
graphicalcomponents:

� A label
Thelabeldisplaysthenameof thepanel.

� A treecomponent
Thetreecomponentis anobjectof theclassjavax.swing.JTree. Thetreedisplaysthehierarchi-
cal structuredinformation.

� A scroll panel
Thetreecomponentis addedto thisscroll panelobjectto providescrollbarsif thetreedoesnot
fit into theavailabledisplayarea.Theclassof thescrollpanelobjectis javax.swing.JScrollPane.

The CollectionTreePanel object reactson threedifferent typesof userinteractions. Two inner
classesareusedto listen to theseeventsandto reactto them. The two inner classesandthe three
methodswhich reactto usereventsare:

� ExpansionListener
This classreactsto eventsthatoccurif theuserexpandsor collapsestreenodes.Themethod
treeCollapsed()is calledif anodeis collapsedandtreeExpanded()is calledif a treenodeis ex-
pandedby theuser. As mentionedin Chapter4, if anodeis expanded,notonly onelevel of the
hierarchyis expandedbut several levels. If the treeExpanded()methodis calledfor anode,the
remainingnodeshave to beopened,too. ThemethodopenNode()of theCollectionTreePanel
classis usedfor thispurposeandis calledby the treeExpanded()method.
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� SelectionListener
The SelectionListenerclassis a subclassof javax.swing.TreeSelectionListener. It listensto
eventsthatarecreatedif theuserselectsa nodein thetreeview. If theuserselectsa nodethe
valueChanged()methodof this listenerclassis called.

In orderto synchronisethedifferentviews in theapplication,CollectionTreePanel sendsevents
to a listenerif oneof theseuserinteractionsoccur. Thelistenerclasshasto implementthemethods
of theCollectionTreePanelListenerinterface.Themethodsthataredeclaredin this interfaceare:

� collectionTreeOpened()
Thismethodis calledif theuserexpandsanodein thetreeview.

� collectionTreeClosed()
collectionTreeClosed()is calledif a treenodeis collapsed.

� collectionTreeSelected()
A selectionof anodein thetreeview leadsto acall of thismethod.

6.7 CollectionPropertiesPanel

TheCollectionPropertiesPanel classextendsthe javax.swing.JPanel classandit displaysseveralat-
tributesof aselecteddirectory. Theattributesarethename,thenumberof childrenandthesizeof the
directory. If adirectoryis selectedin thetreeview or thepyramidview themethodsetCollection()of
this classis executedandsetsthenew valuesof thecomponentsthatdisplaythethreeattributes.

6.8 Inf ormationPyramid2D

InformationPyramid2D is a panelthatdisplaysthesimulatedthree-dimensionalvisualisationof the
InformationPyramid.Thesuperclassof InformationPyramid2Dis javax.swing.JPanel. Information-
Pyramid2Ddoesnot paint theplateausof thepyramidnor doesit computethepositionsor thesizes
of them.It is usedto hold statusinformationof thepyramidview, to reactto userinteractionsandto
forward paintingrequeststo the responsibleobjects.Thestatusinformationthat is managedby the
InformationPyramid2Dclasscontainsthefollowing items:

� rootCollection
This objectis thebaseplateauof thevisualisedpyramid. Theclassof this objectis VRCollec-
tion.

� clickedCollection
If the userclicks with the mouseon the pyramid, the clickedCollection referenceis usedto
rememberthecorrespondingplateau.

� layoutManager
To computethesizesandpositionsof theplateausa layoutmanageris used.Thisobjectis such
a layout manager. All layout managersaresubclassesof VRLayout. This classis described
later in this chapter. If the layout manageris exchangedby anotheroneduring runtime, the
visualisationis computedagainandrefreshed.
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� listener
This is a referenceto a listenerobjectthat is informedby eventsthatoccurwithin thepyramid
view. Thelistenerclasshasto implementtheInformationPyramidListenerinterface.Theinter-
facecontainsonly thecollectionSelected() method.This methodis calledif theuserselectsa
directoryin thepyramidview.

� shapesFromVRCollections
If theuserclicks with themouseon thepyramidtheshapesFromVRCollectionsvectoris used
to find thecorrespondingplateau.Theusedtechniqueis describedlaterin thischapter.

� openDepth
This valuedefinesthenumberof levels thatareopenedbelow a selecteddirectoryif theuser
collapsesit.

� sortType
ThevariablesortType definestheway how thedirectoriesaresortedbeforethey arelaid out.
Possiblevaluesfor this variableare:

– CollectionSort.SIZE

– CollectionSort.CHILDRENCOUNT

– CollectionSort.NAME

� sortAscDsc
It is possibleto sortthedirectoriesascendingor descending,independentwhichsortingmethod
is used.Theorderdependson theSortAscDscvariable.Possiblevaluesfor sortAscDscare:

– CollectionSort.ASC

– CollectionSort.DSC

� paintText
If a textual descriptionof the hierarchiesshouldbe displayedor not dependson the valueof
paintText . It is trueif thetext shouldbedrawn andfalseotherwise.

� antialiasing
The antialiasing valueis usedto switch antialiasingon or off. If antialiasingis really used
or not dependson theusedhardwareandoperatingsystem.Thereforeit is not guaranteedthat
antialiasingis reallydoneif it is turnedon.

� fadeInOut
If thisvalueis trueandtheuserselectsanew hierarchyor theview of thepyramidis refreshed,
thetransitionsareanimated.

� transparent
This valuedefinesif the wholepyramid shouldbe drawn transparently. This is an effect that
doesnotmakemuchsensebut looksfreaklygood.

� zoom
This valuesetsthezoomingfactorof thedisplay. If a directoryis selectedthezoomslidercan
beusedto zoomto this directory. If no directoryis selectedit is zoomedinto thecenterof the
pyramid.

� rotateX
rotateX definestheangleof rotationof thepyramidview aroundtheX-axis.
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Figure6.4: An exampleof thehierarchicalrelationshipsbetweendifferentVRCollectionobjects.

� rotateZ
rotateZ definestheangleof rotationof thepyramidview aroundtheZ-axis.

The InformationPyramid2D classoverwritesthe paint() methodof JPanel. The paint method
draws the whole visualisationof the pyramid aswell as the textual descriptionsof the directories.
The order in which this is managedis as follows. First the paint() methoddraws a background
image.It usesa cascadinglayout to fill thecompletebackgroundarea.After that it setssomeof the
possiblerenderingattributeslike antialiasingandtransparency. Thenit paintsthepyramid. To draw
the pyramid it forwardsthe paint requestto the visual representation(VR) objects. Theseobjects
arehierarchicallystructuredandbuild thecompletepyramid. Finally, the textual descriptionof the
directoriesaredrawn if thepaintText valueis true.

The VR objectsareusedto draw thepyramid. Like the internalrepresentationof thehierarchy
they arehierarchicallystructured.Therearetwo kindsof VR objects.First thereareobjectsof type
VRCollectionthat arethe visual representationsof the nodesin the hierarchy. Every VRCollection
objectknows its childrenVR objectsandits parentVR object.This builds thehierarchicalstructure
of theVR objects.Secondtherearethe layoutmanagerobjectsthataresubclassesof theVRLayout
class.Theselayoutmanagersareresponsiblefor calculatingthesizesandpositionsof theplateaus
of thepyramid. For onepyramid thereexists only onelayoutmanagerat a time. Neverthelessit is
possibleto exchangethelayoutmanagerduringruntime.

VRCollection

Thenodesof thehierarchyarevisualisedasplateausin thepyramid.Every plateauis representedby
anobjectof typeVRCollection. If aplateauhasto bedrawn, thepaint()methodof thecorresponding
VRCollectionobjectis called.Thehierarchicalstructureof thepyramidis embeddedin therelation-
shipsbetweentheVRCollectionobjects.Every VRCollectionobjecthasreferencesto its parentand
its childrennodes.Figure6.4showsanexampleof thehierarchicalrelationshipsbetweenthedifferent
VRCollectionobjects.
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Figure6.5: Thepositionanddimensionof aplateauin thepyramid.

The Dimensionsof the Plateaus

The sizesand positionsof the plateausis computedby the usedlayout manager. Only the base
plateauhasfixedsize. All otherplateausarepositionedrelative to thepositionandsizeof thebase
plateau.The variablesthat areusedto setthepositionanddimensionof a VRCollectionobjectare
(seeFigure6.5):

� topLeftX

� topLeftY

� topLeftZ

� height

� size

� topInset

� border

The layout managercalculatesthe valuesof the first five items in the list. The remainingtwo
valuesarecalculatedby theVRCollectionobjectitself. ThesourcecodethatcalculatestopInset and
border lookslike following:

topInset_ = (double) (size_ / 100d * COLLECTION_INSETS);
border_ = (double) (size_ / 100d * BORDER);

The two constantsVRCollection.COLLECTIONINSETSandVRCollection.BORDERinfluencethe
shapeof theplateau.Thedefault valuefor bothof themis 5.
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Figure6.6: Thedrawing orderof theplateausin thepyramidview.

Hidden Surfaces

In orderto hidethesurfacesthatshouldnotbevisible in thecurrentviewpoint theorderin which the
plateausaredrawn is from bottomto top andfrom backto front. Thedirectoriesthatarepositioned
on onebaseplateauaredrawn from top left to bottomright (seeFigure6.6). Thustheplateaushave
to besortedin thiswaybeforethey aredrawn. This sortingis handledby thelayoutmanager.

Theorderin whichthesurfacesof aplateauaredrawn dependsontheangleof therotationaround
theZ-axisof thecurrentviewpoint (seeFigure6.7). If theangleis lessor equal45 degreestheorder
is:

1. surface1

2. surface4

3. surface2

4. surface3

5. surface5

If the angleis greaterthan45 degreessurface4 is drawn beforesurface1. The orderof the other
surfacesremainsthesame.

The Lighting Model

The usedlighting modeldependson the navigationalpossibilitiesof the pyramid view. The view
canbe rotatedclockwisearoundthe Z-axis. Thereforethe mostusefulpositionof the light source
seemsto beat thefront to theleft of thepyramid.This meansthatsurface4 andsurface3 arelighter
thansurface2 andsurface1. This is differentto thecommonlyusedpositionof thelight source.The
commonlyusedpositionof thelight sourceis atthebackto theleft of theobject.If thispositionwould
beusedthe lateralsurfacesthatarevisible if thepyramid is rotatedwould bothbedark. Figure6.8
shows thepyramidif it is rotated45 degreesaroundtheX-axis andtheZ-axis. As thelight sourceis
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Figure6.7: Thesurfacesof aplateauin thepyramid.

at the front to the left, onelateralsurfaceis light andoneis dark. With the light sourceat theback
bothsurfaceswouldbedark.

VRLayout

Layout managersareusedto computethepositionsanddimensionsof theplateausin thepyramid.
The positionanddimensionof the baseplateauof thepyramid is alwaysfixed. The otherplateaus
arelaid out on thetop of this baseplateau.Thelayoutmanagerclassesaresubclassesof theabstract
classVRLayout. Every InformationPyramid2Dobjectholdsa referenceto theusedlayoutmanager.
If thelayoutmanagerof suchan InformationPyramid2Dobjectis exchangedthevisualisationof the
pyramid is refreshedandtheplateausarelaid out again. TheabstractclassVRLayoutdeclarestwo
abstractmethods.Thesetwo methodshave to be implementedby the layout managerclasses.The
two abstractmethodsare:

� layoutSubCollections()
This methodcalculatesthepositionandsizesof thechildrenof a given node. Thealgorithm
that is usedto lay out thechildrenplateausdependson theusedlayoutmanager. Themethod
returnsanobjectof typeVector. Theelementsof thatvectoraretheVRCollectionobjectsthat
representthechildrennodesof thegivennode.Theelementsaresortedby theirpositionin the
three-dimensionalspace.Hiddensurfacesarenot drawn by theuseddrawing algorithmif the
plateausaresortedfrom backto front andfrom left to right prior to drawing. This sortinghas
to bedonewithin the layoutSubCollections() methodof thelayoutmanager.

� calculateSubCollectionsHeight()
ThecalculateSubCollectionsHeight() methodcomputestheheightof aplateau.

TheJPEapplicationhastwo differentlayoutmanagersthatcanbeused.TheVRBoxLayoutclass
is a layoutmanagerthatusesequally-sizedplateausto build thepyramid. VRSizeSortedLayoutis a
layoutmanagerthatsortsthedirectoriesby their sizeor thenumberof childrenbeforethey arelaid
out. To build thepyramidit usesdifferently-sizedplateaus.Thesetwo layoutmanagersaredescribed
in thenext two subsections.

VRBoxLayout

TheVRBoxLayoutlayoutmanagerarrangesthechildrenof a nodein rows andcolumnswithin their
availabledisplayarea.The sibling nodesof the pyramid arerepresentedby equally-sizedplateaus.
Theheightof aplateauis8percentof thewidth of theparentplateau.Priorto layoutthedirectoriesare
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Figure6.8: Therotatedpyramidview. Onelateralsurfaceof theplateausis darkandtheotheroneis
light.

sortedusinganobjectof typeCollectionSort. Figure6.9showsapyramidthatusestheVRBoxLayout
layout manager. The sourcecodeof the layoutSubCollection() methodthat doesthe layout of the
plateauslookslike following:

if (collCount > 0) {
int divider = (int) Math.ceil(Math.sqrt(collCount));
double subSize = size / divider;

double x = topLeftX;
double y = topLeftY;
double z = topLeftZ;
double height = calculateSubCollectionsHeight(size);

int cellCount = 1;

for (int i = 0; i < collCount; i++) {
Collection subCollection = (Collection)

subCollections.elementAt(i);

subVRCollections.addElement(
new VRCollection(rootPanel,
subCollection, vrCollection, x, y, z,
height, subSize));

cellCount++;
x += subSize;
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Figure6.9: A pyramidview thatusestheVRBoxLayoutlayoutmanager.

if (cellCount > divider) {
x = topLeftX;
y += subSize;
cellCount = 1;

} //endif
} //endfor

} //endif

VRSizeSortedLayout

The VRSizeSortedLayoutclassis a layout managerthat usesplateauswith different sizesto build
the hierarchy. The dimensionof a plateauis proportionalto the sizeor the numberof childrenof
its correspondingdirectory. Theusercanselectif thedimensionsof theplateausareproportionalto
thesizeor thenumberof children. Figure6.10shows a pyramid thatusestheVRSizeSortedLayout
layoutmanager. TheVRSizeSortedLayoutlayoutmanagertriesto maximisetheusageof theavailable
displayspace.As thechildrenarearrangedonthetopof theplateauof theirparenttheavailablespace
to lay themout is a square.The layoutmanagerusesthe following algorithmto computethesizes
andpositionsof theplateaus:

1. Sortthedirectoriesdescendingby their sizeor thenumberof children.

2. Computethe total sizeof all childrenandthe percentageof eachdirectorycomparedto this
total size.Thepercentageof adirectoryis usedasthesizeof its plateau.If thepercentageof a
directoryis smallerthanagivenminimumsize,increaseits percentageto theminimumsize.

3. Placethebiggestplateauin thetop left cornerof thesquareshapeddisplayarea.
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Figure6.10:A pyramidview thatusestheVRSizeSortedLayoutlayoutmanager.

4. Positionthesecondlargestplateauto theright of thefirst one.

5. Computetheminimumboundingrectangle(MBR) of theuseddisplayarea.

6. As long astheMBR doesnot change,placethefollowing plateausbelow thesecondplateau.
As thedirectoriesaresorteddescending,thesizesof thefollowing plateausareequalor smaller
thanthesizeof thesecondone.ThereforetheMBR canonly gethigherbut notwider.

7. Computethe MBR if the next plateauwould be placedto the right of the last MBR andif it
would beplacedbelow it. ComparebothMBRs with a squareandusethepositionwherethe
MBR is moreequalto a square.

8. If theplateauis placedto the right of it step6 is repeated.If it is placedbelow theMBR the
following plateausareplacedto theright of theplateauuntil theMBR getswider.

9. Repeatstep7 andstep8 until all plateausarearranged.

10. Now thepositionsof theplateausarecomputedbut thesizesof themaretoo largeto fit into the
availabledisplayspace.Thereforetheplateaushave to beshrunkto fit on thetopof theplateau
of theparent.

Hit Detection

If the user clicks with the mouseon the pyramid, the two-dimensionalcoordinatesof the posi-
tion of the mouseare available to find a selecteddirectory. The shapesFromVRCollectionsvec-
tor is used for this purpose. Each surface of every plateauthat is drawn is representedby a
java.awt.geom.GeneralPath object. The GeneralPath classrepresentsa geometricpathconstructed
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from straightlines,andquadraticandcubiccurves.EveryGeneralPathobjectis addedto theshapes-
FromVRCollectionsvectorif thecorrespondingsurfaceis drawn. Thatmeansthefirst objectin this
vectoris thebackmostsurfaceof thepyramidandthelastoneis thefrontmostone.

Theadvantageof theGeneralPath objectis that it hasa methodcalledcontains()which returns
true if a given coordinatelies within its area. The algorithmto find the clicked plateaupassesthe
vector from back to front andcalls the contains()methodfor every GeneralPath object. The first
objectthatreturnstrueis a surfaceof theselectedplateau.Thetwo-dimensionalshapesFromVRCol-
lections vectorstoresa referenceto the correspondingVRCollectionobjectfor every GeneralPath
object.Thusit is easyto find thedirectoryon which theuserclicked. Thesourcecodethatlooksfor
thecorrespondingVRCollectionobjectin thevectorlookslike following:

protected VRCollection getClickedCollection(int mouseX,
int mouseY)

{
for (int i = (shapesFromVRCollections_.size() - 1);

i >= 0; i--)
{

GeneralPath path = (GeneralPath) ((Vector)
shapesFromVRCollections_.elementAt(i)).elementAt(0);

if (path.contains(mouseX, mouseY)) {
return (VRCollection) ((Vector)

shapesFromVRCollections_.elementAt(i)).
elementAt(1);

} //endif
} //endfor

return null;
} //endfunc

6.9 CollectionSort and DocumentSort

TheclassesCollectionSortandDocumentSortaretwo helperclassesthatareusedto sort thedirec-
toriesandfiles of the visualisation.The CollectionSortclassis usedto sort a vectorof Collection
objects.Theobjectscanbesortedby name,sizeandnumberof childrenascendingor descending.A
vectorof Documentobjectscanbe sortedusingtheDocumentSortclass.Documentscanbe sorted
ascendingor descendingby nameor size.In bothcasestheusedsortingmethodis asimpleQuicksort
algorithm.



Chapter 7

Outlook and Further Work

7.1 Intr oduction

Theintentionsduringthedesignandthedevelopmentof theJavaPyramidsExplorer(JPE)application
wereto improve the InformationPyramidstechniqueandto find solutionsto someproblemsof the
previousapplicationsthat implementedthis technique.Dueto lack of time someof thefound ideas
couldnot be implementedin thecurrentversionof theapplication.Neverthelesstheseideasshould
be implementedin future versions. Of course,many new possibilitiesto improve the application
andthe techniquehave beenfoundduring thedevelopmentprocess.It hadto beweighedup which
improvementsshouldbe madein thecurrentversionbecauseof the limited time availableto finish
theapplication.Thereforemany new ideasandimprovementsarestill not implementedandshouldbe
partof thefurtherwork, too. Thepurposeof this chapteris to explain theseideasandimprovements
to supportthedevelopmentprocessof thefutureversions.

7.2 Search Possibilities

Thecurrentimplementationof theJPEprovidesmany navigationalpossibilitiesandaidsto explore
the hierarchicalstructureof the selectedfile system. The usercanuseeither the treeview or the
pyramid view to navigate throughthe hierarchy. This helps the user to gain an overview of the
structureof thehierarchy. If theuseris looking for a specificfile or directorythis hasto bedoneby
exploring the hierarchyandsearchingfor the itemsmanually. Of course,this approachis not very
efficient. Thusa searchfacility would be very importantandshouldbe implementedto make the
applicationmoreuseful.

The searchfunction shouldprovide the possibility to searchfor files and directoriesby their
attributeslike thename,thesize,etc. It would alsobedesirableto searchfor thecontentof thefiles.
Thereforea full text searchenginecould be usedto extendthe possibilitiesof the searchfunction.
Oneimportanttaskduringthedesignof thesearchfunctionality is to find techniqueshow thesearch
resultsshouldbe visualisedin the JPEapplication. Therearemany differentpossibilitieshow this
couldbeaccomplished.

One possibility to display the searchresult would be to opena new window and display the
foundfiles anddirectoriesin a simplelist like thechildrenlist of JPE.This seemsto beappropriate
if the searchresult list containsonly somefew entries. Neverthelessthis solutiondoesnot usethe
possibilitiesof theInformationPyramidstechniqueto displaythesearchresult.A solutionhasto be
foundwherethesearchresultis displayedwithin thepyramidview.
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Figure7.1: A screenshotof theFSNapplicationwith ahighlightedsearchresultobject.

To displaythe resultsetin the pyramid view the directoriescontainingthe foundfiles could be
highlightedin someway. Maybethe plateauscould be colouredor highlightedusinga wireframe
box. It would alsobepossibleto highlight theplateaususinga techniquesimilar to theoneusedby
theFile SystemNavigator. TheFile SystemNavigatorusesspotlightsto highlight thesearchresults
(seeFigure7.1). As thesearchresult list cancontainmany differententriesa possibility shouldbe
provided to go throughit stepby step. At eachstepthe directory that containsthe currentfile is
highlightedin thepyramidview andthefile is displayedin thechildrenlist.

7.3 Impr ovedLayout Managers

To build the hierarchyand to lay out the objectsin the landscapethe JPEapplicationuseslayout
managerobjects.Theobject-orienteddesignof theprogrammakesit easyto developdifferenttypes
of layoutmanagersandto usethemin theapplication.Currentlytwo differentlayoutmanagershave
beenimplemented.TheVRBoxLayoutlayoutmanagerusesequally-sizedplateausarrangedin rows
and columnsto build the hierarchy. The VRSizeSortedLayoutlayout managerusesplateauswith
differentsizesfor this purpose.Thesetwo layoutmanagersaresimpleto implementandthey have
goodruntimebehaviour. Neverthelesstherearemany possibilitiesto arrangetheplateausthatbuild
thepyramid. The layoutof thepyramid is a very time critical operationbecauseif it takestoo long
to visualisethe pyramid the usergetsbored. Thus the layout managersmust have good runtime
behaviour.

One layout techniquethat could be implementedis the oneusedby the 3D Explorer. The 3D
Explorerusesdifferently-sizedplateausto build the hierarchy. The resultinglayout makes it easy
to find informationandto give a goodoverview of thestructureof thewholehierarchy. Beforethe
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directoriesarelaid out they canbesortedin any possibleway. A disadvantageof this layoutmanager
is its badruntimebehaviour thatcanleadto inacceptabledelays.

Anothermethodto arrangetheplateausis to useclusters.As JosefWoltenotedin [Wol98]:

“The layout algorithm simply arrangesthe file 3D objectsin rows and columnson a
plateau.Anothermethodwould beto arrangetheobjectsin clusters.For instance,files
createdin thesamemonthcouldbebuild a clusteror files of thesametype. Obviously
theremustbesomekind of a relationbetweentheobjectswhich couldbeusedto form
clusters.In afile systemthereareonly few relationswhichcanbeusedfor thispurpose.
This featurewould be very usefulwhenvisualisinghyperlinked hierarchicaldata. For
instancewhenvisualisinga Hyperwave server, the links betweenthedocumentscanbe
usedto build clusters.Documentswhichhavemany links to eachothershouldbeplaced
closertogetherthandocumentswith no links to eachother.”

7.4 Display Text in the Pyramid View

To explorethevisualisationof thehierarchyandto find informationit is very importantto displaya
textual descriptionof thenodesin thepyramid view. Thecompactvisualisationof the Information
Pyramidstechniquemakesit impossibleto draw thenamesof every nodein thehierarchywithin the
displayarea,particularlyfor hierarchieswith hundredsor thousandsof nodes.TheJPEapplication
displaysthe textual descriptionsof someof the displayednodes. It dependson the selectednode
whichnodesarelabeled.Currently, theselectednode,its parentandtwo siblingsof theselectednode
arelabeled.

A internalheuristicevaluationshowed that it would be usefulduring navigation to display the
textual descriptionsof someof the childrenof the selectednode,too. If the childrenwerelabeled
it would be easierfor theuserto decidewhich partsof thehierarchyshouldbeexplorednext. JPE
displaysthe namesof the nodesat the top of the display areain the pyramid view. The textual
descriptionsof thechildrenof theselectednodecouldbedrawn at thebottomof thepyramidview.
The labelsof the childrenof the selectednodeshouldhave differentcoloursthanthe other labels.
This shouldmake it easierto distinguishthemfrom theotherlabels. Figure7.2 shows an example
of a modifiedpyramidview. Thechildrenof theselectednodearelabeledusingyellow coloursand
labels.

7.5 Impr ovedChildr en List

The JPEapplicationdisplaysthe childrenof a selectednodein a simplelist. The list containsthe
subdirectoriesandfiles thatarein theselecteddirectory. To distinguishthedirectoriesfrom thefiles
anicon is drawn in front of them. Insteadof usinga simplelist animprovedvisualisationtechnique
couldbeused.Like otherfile browsers,e.g. theWindows Explorer, a tablecouldbeusedto display
moreinformationthanjust thenamesof thefilesanddirectories.Thetablecoulddisplayattributesof
theentrieslike:

� Name

� Size

� File type

� Creationdate
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Figure7.2: A modifiedpyramidview. Theyellow labelsarethenamesof thechildrennodesof the
selectednode.

In orderto visualisethedifferenttypesof thefiles, iconscouldbedrawn in front of thenamesof
thefiles in thetable,too. Thecolumnsof thetablecouldberesizableandtheorderof thedisplayed
columnscould be changeable.It shouldbe possibleto sort the rows of the tableby the displayed
attributes. It would alsobepossibleto let theuserdecidehow thechildrenof a directoryshouldbe
displayed.Like thefoldersof theMicrosoft Windows operatingsystemdifferentvisualisationssuch
asa list, a tableor amatrix couldbepossible.

7.6 File Preview

During navigationandto find specificinformationit is importantto seethecontentof thedisplayed
files. The nameof a file is very often not enoughinformation to find the files the useris looking
for. Thereforea possibility to displaythe contentof the files would be very usefulfor the user. A
file preview thatvisualisesthecontentof a selectedfile couldbe implementedin anown panelor a
separatewindow. Forexample,if thefile is animageasmallpreview of thisimagecouldbedisplayed.

7.7 Edit Functions

Thecurrentimplementationof theJPEapplicationcanbeusedto view thehierarchicalstructureof a
file system.Neverthelesstheusercanonly navigatethroughthevisualisationbut it is notpossibleto
changethecontentof it. Like otherfile browserstheapplicationshouldprovide thefunctionality to
edit thefiles anddirectoriesthatarevisualised.Typical editingfunctionsthatcouldbeimplemented
include:

� Cut
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� Copy

� Paste

� Delete

� Rename

� Undo

7.8 Display Files in the Pyramid View

Theapplications3D Explorerand3D Explorerfor VRML usethe InformationPyramidstechnique
to visualisethehierarchicalstructureof a file system.Both applicationsvisualisethedirectoriesand
thefiles of thefile systemin thepyramid. Thedirectoriesarevisualisedasplateausandthefiles are
visualisedassmall three-dimensionalobjects.TheJPEapplicationdisplaysonly thedirectoriesthat
arerepresentedasplateausbut it doesnot displaythe files in the pyramid view. Neverthelessboth
opportunitiesshouldbepossiblein theJPEapplicationbecausebothtechniqueshaveadvantagesthat
dependon theusageof theprogram.Theusershouldhave thepossibility to selectif thedirectories
aloneor both thedirectoriesandthefiles shouldbedisplayedin thepyramidview. As thepyramid
view andthe treeview aresynchronisedon userinteractionthereremainsthe openquestionif the
files shouldbedisplayedin thetreeview, too.
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Chapter 8

Concluding Remarks

Thismaster’s thesispresentedtheJavaPyramidsExplorer, anapplicationusingtheInformationPyra-
midstechniqueto visualisehierarchicallystructuredinformation.

Chapter2 discussedrelatedtechniquesfor visualisinghierarchies.Someof thetechniquesuse2D
graphicsto draw thevisualisationsomeof them3D graphics.

TheJavaPyramidsExplorerapplicationwasimplementedusingtheJavaprogramminglanguage.
TheAbstractWindow Toolkit andtheSwingpackagewereusedto developthegraphicaluserinter-
face. TheJava 2D API wasusedto draw the graphicsof the InformationPyramid. Theselibraries
andtheJava programminglanguagewereexplainedin Chapter3.

The InformationPyramidstechniquewasdiscussedin Chapter4. Chapter5 andChapter6 in-
troducedthe Java PyramidsExplorerandselecteddetailsof the implementationof the application.
Theimprovementsof thenew approachweredescribedandthenew possibilitiesto explorethehier-
archicallystructuredinformationwerepresented.Themain improvementswerethecombinationof
differentvisualisationtechniques,theimproveddisplayof thetextualdescriptionsof thenodesin the
hierarchy, theusageof aplatform-independent graphicslibrary, andtheintroductionof exchangeable
layoutmanagersdueto theimprovedobject-orienteddesignof theapplication.

The thesisconcludedwith an outline of work currently in progressand someideasfor future
research.
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Appendix A

User Guide

A.1 Intr oduction

TheJava PyramidsExplorer(JPE)applicationis usedto visualisethehierarchicalstructureof a file
system. The hierarchyis displayedsimultaneouslyin both a tree view anda pyramid view. The
pyramid view usesthe InformationPyramidstechniqueto visualisethe hierarchy. The pyramid is
visualisedasa simulatedthree-dimensionalobject. TheJPEapplicationcanbe usedto explore the
hierarchyandto efficiently find informationwithin thehierarchy.

Theprogramminglanguagefor theapplicationis Java,andmorepreciselytheJava Development
Kit 1.2 from Sun Microsystems. In order to run the applicationeither the Java DevelopmentKit
1.2, the Java RuntimeEnvironment1.2 or a compatibleruntimeenvironmentis required. To draw
the graphicsthe Java 2D API is used. The Java 2D API is part of the Java 1.2 compatibleruntime
environmentsfrom SunMicrosystemsanddoesnothave to beinstalledasaseparatepackage.

A.2 Installation

BeforerunningtheJPEapplication,a Java 1.2 compatibleruntimeenvironmenthasto be installed.
TheJPEapplicationitself is availableasa jar-file. The jexplore.jar file containsall classesof theJPE
application.To starttheapplicationtheJExplore classis used.Thecommandto starttheJPEis:

java iicm.JExplore.JExplore

The jexplore.jar file hasto bepartof theCLASSPATH environmentvariableto find thenecessary
classes.All imagesneededby the applicationare in the imagesdirectory. Two propertyfiles are
providedto configuretheapplication.TheJExplorer.propertiesfile is usedto setall labelsandmenu
itemsthatarevisible in themainwindow andall otherwindows. It is alsousedto setthepathto the
images.Thesecondpropertyfile Settings.propertiesis usedto storetheoptionsthatcanbesetwithin
theapplication.

Two settingsareimportantto starttheapplicationcorrectly. First, thepathof theapplicationhas
to besetin theJExplorer.propertiesfile. Second,theinitial directoryof theapplicationhasto beset
in theSettings.propertiesfile. If oneof themis invalid theapplicationrefusesto start.
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A.3 Menu Bar

Themenubarprovideseasyaccessto all functionsavailablewithin theJPEapplication.Someof the
menuitemsdependontheusedoptionsandareonly accessibleif theappropriateoptionsareselected.

FigureA.1: Themenubar.

File Menu

Open Opensa dialog box wherea directory can be selected(seeFigure A.2). The
selecteddirectoryis thenew rootdirectoryof thevisualisation.

Update Reloadsthedirectorystructurefrom theharddisk andrefreshesthevisualisa-
tionsof thehierarchy. This is usefulif thecontenton theharddiskhaschanged.

Exit Closestheapplication.

Edit Menu

MakeRoot Makes the selecteddirectory the new root directoryof the visualisations.
Expandeddirectoriesbelow theselecteddirectoryremainexpanded.

OpenAll Childr en Expandsall levelsof childrenbelow aselecteddirectory.

SelectParent Selectstheparentof aselectednode.This is usefulto goup in thehierar-
chy. If theselectednodeis theroot nodeof thevisualisationtheparentdirectoryis
openedandvisualised.

View Menu

Top Changesthecurrentviewpoint of thepyramidview to a viewpoint above thepyra-
mid lookingdown. ThetransitionbetweenthecurrentviewpointandtheTopview-
point is animated.

Front Theviewpoint of thepyramidview is setto aviewpoint in front of thepyramid.

3D Rotatesthepyramid45 degreesaroundtheX-axisandtheZ-axis.

User View Changesthe viewpoint to a userdefinedposition. The positioncanbe set
usingtheSetUserView menuitem.
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FigureA.2: Thedirectoryselectiondialogbox.

Zoom In Zoomsto aselecteddirectory.

Zoom Out Undoesazoomoperationanddisplaysthewholepyramid.

SetUserView Thecurrentpoint of view is takenastheuserdefinedviewpoint.

Layout Menu

Box Layout Changesthelayoutmanagerto theBoxLayoutlayoutmanager. BoxLayout
usesequally-sizedplateausto build thehierarchy.

SizeSortedLayout TheSizeSortedLayoutlayoutmanagerusesplateauswith different
sizesto build thehierarchy. This menuitem setstheusedlayoutmanagerto Size
SortedLayout.

Sort Dir ectories Sortsthe visualiseddirectoriesin differentways. The availablesub-
menuitemsare:

by Name Sortsthedirectoriesby theirname.

by Size Sortsthedirectoriesby their size.
by Childr en Sortsthedirectoriesby thenumberof their children.

Ascending Thesortingof thedirectoriesis doneascending.
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DescendingThesortingof thedirectoriesis donedescending.

Sort Files Thefiles in thechildrenlist canbesortedin someways. Theavailablesub-
menuitemsare:

by Name Sortsthefilesby theirname.

by Size Sortsthefilesby their size.
Ascending Thesortingof thefiles is doneascending.

DescendingThesortingof thefiles is donedescending.

Options Menu
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FigureA.3: TheLook AheadDepthwindow.

FigureA.4: TheCalculationDepthwindow.

Look Ahead Depth... Opensawindow wherethenumberof levelsthatareexpandedif
adirectoryis openedin thevisualisationscanbeset(seeFigureA.3).

Calculation Depth... This menuitem opensa window wherethenumberof levelscan
beset,thatareusedto calculatethesizeandthenumberof childrenof a directory
(seeFigureA.4).

SizeSortedLayout Minimum Size... By using this menu item a window is opened
wheretheminimumrelativesizeof aplateauof theSizeSortedLayoutlayoutman-
agercanbeset.

InverseSplit Panel Thepyramidview canbeeitherto theright or to theleft of thetree
view. Thismenuitem changesthepositionof thepyramidview (seeFigureA.5).

Display Names If this option is set, the namesof the directoriesaredisplayedin the
pyramidview, too.

Antialiasing Thisoptiondefinesif antialiasingis usedto draw thegraphicsin thepyra-
mid view or not.

FadeIn/Out If this optionis set,thetransitionbetweendifferentviews is animated.

Transparent By selectingthismenuitem thepyramidis drawn transparently.

SaveSettings This menuitem storestheoptionson theharddisk. If theapplicationis
restartedthestoredoptionsarereadfrom theharddiskandusedagain.

ResetSettings Setstheoptionsto default values.

Help Menu

About Opensa window that displayssomeinformationaboutthe Java PyramidsEx-
plorerapplication.
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FigureA.5: TheSizeSortedLayoutMinimum Sizewindow.

A.4 Tool Bar

The tool bar providesquick accessto someof the most importantfunctionsof the application.
All functionsthatareaccessiblethroughthetool barareavailableasmenuitemsin themenubar, too.
Theavailablebuttonsarefrom left to right:

OpenFile Opensadialogboxwhereadirectorycanbeselected.Theselecteddirectory
is thenew root directoryof thevisualisation.

SelectParent Selectstheparentof aselectednode.This is usefulto goupthehierarchy.
If the selectednode is the root nodeof the visualisationthe parentdirectory is
opened.

MakeRoot Makes the selecteddirectory the new root directoryof the visualisations.
Directoriesbelow theselecteddirectorythatareexpandedremainexpanded.

OpenAll Childr en Expandsall levelsof childrenof aselecteddirectory.

A.5 Pyramid View

Thepyramidview usestheInformationPyramidstechniqueto visualisethehierarchicalstructureof
thedirectorytree.Thepyramidis visualisedasasimulatedthree-dimensionalobject.It canberotated
aroundtheX-axis andtheZ-axisandit canbezoomedinto thevisualisationto enlarge partsof the
pyramidthatareimportantat themoment.Threeslidersareusedto changetheviewpoint. FigureA.6
shows ascreenshotof themainwindow of theapplication.

A singleclick with the mouseon an unselecteddirectoryselectsit. The directoriescanbe ex-
pandedor collapseedto explorethehierarchy. Interactionis synchronisedbetweenthepyramidview,
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FigureA.6: Themainwindow of theJPEapplication.
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FigureA.7: Thechildrenlist panel.

thetreeview andthechildrenlist. A singleclick with themouseon aselecteddirectoryexpandsit if
wascollapsedandvice versa.

A.6 TreeView

The treeview visualisesthesamehierarchicalstructureasthe InformationPyramidview. The tree
view and the pyramid view aresynchronisedon interaction. If a subdirectoryof the hierarchyis
expandedor collapsedin oneview it is executedin thetreeview andthepyramidview. A selection
of anodeleadsto aselectionin bothviews, too.

A.7 The Childr en List

If a directoryis selectedin thepyramid view or the treeview thechildrenlist displaysthechildren
of it. As both, thepyramidview andthe treeview, do not displaythefiles of a directorythis is the
only possibility to find files. As FigureA.7 shows, boththesubdirectoriesandthefiles of a selected
directoryaredisplayed.To beableto distinguishthesubdirectoriesfrom thefiles,anicon is drawn in
front of thenameof adirectory.

The Filter field of the childrenlist canbe usedto apply a filter for thefiles in thechildrenlist.
The* wildcardcanbeusedto applyusefulfilters. Possiblefilters are:

filename display only files that exactly match "filename"
*filename display all files that end with "filename"
filename* display all files that start with "filename"
*filename* display all files that contain the word "filename"

A.8 The PropertiesPanel

The propertiespaneldisplaysseveral attributesof a selecteddirectory. The attributesthat aredis-
playedin thecurrentversionof theJPEare:
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� Name
TheNamefield displaystheabsolutepathof theselecteddirectory.

� Size
TheSizefield displaysthesizeof theselecteddirectory.

� Childr en
TheChildrenfield displaysthenumberof childrenof theselecteddirectory.
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