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Abstract

Thealundanceof hierarchicallystructurednformationhasleadto the developmeniof numerous
techniquedo visualiseinformationhierarchies.However, mary of thesetechniqueswhile visually
appealingdo not scalewell to very large hierarchies.

This thesispresentghe Java PyramidsExplorer which combinesa compactthree-dimensional
informationpyramidsvisualisatiorwith acorventionaltreebrowser allowing userdo rapidly explore
evenlarge heirarchies.Written in pure Java, the Java PyramidsExploreris portableacrossamultiple
platforms.






Kurzfassung

Hierarchienwerdensehroft dazuverwendetnformationerzu strukturiererundzu gliedern.Aus
diesemGrundwurdenzahlreicheTechnologierentwickelt um diesehierarchiscrstrukturierterinfor-
mationendarzustellen.Obwohl viele dieserTechnologieransprechend¥isualisierungerermidgli-
chensindsiefur sehrgrof3eHierarchienschlechigeeignet.

In dieserDiplomarbeitwird derJava PyramidsExplorer ein neuerAnsatzHierarchienzu visua-
lisieren,beschriebenDer Java PyramidsExplorerverkripft die kompaktedreidimensional&/isua-
lisierungvon InformationsPyramidenmit einerherkdmmlichenBaumstrukturund erlaubtes selbst
sehrgroReHierarchienzu erkunden. Die Verwendungvon reinemJava machtden Java Pyramids
Explorerportabelfiir viele Platformen.
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Chapter 1

Intr oduction

This thesisis going to describethe Java PyramidsExplorerwhich is an applicationthatcanbe used
to visualiseandexplore hierarchiesThe Java PyramidsExplorerusesatechniquecalledinformation
Pyramidgo visualisethehierarchicallystructurednformationin 3D. Thistechniques patentpending
by Hyperwave Inc. [Hyp] andwasintroducedirst at IEEE Visualisatior®7 [AWP97].

The next chapter Chapter2, introducegechniquesvhich have beendevelopedto visualisehier
archies. Most of themwere designedo visualisevery large hierarchiescompactly Someof these
techniquesuse 2D graphicsto display the hierarchy Tree views, Tree-Mapsand the hyperbolic
browseraresuch2D techniquesSeveral 3D visualisatiortechniqueslike ConeTrees areintroduced
and explainedin more detail. The File SystemNavigator which usesa landscapenetaphorand a
2.5-dimensionalechniquecalledMAPA arealsodescribed.

Chapter3 describeghe programminganguageandthe librariesthat have beenusedto develop
the Java PyramidsExplorer application. The first part of this chaptergives a brief introductionto
the Java programmindanguageandits strengthwhendevelopinggraphicaluserinterfaces.The next
sectiongdescribehe clasdibrariesAbstractWindow Toolkit andSwing. Thesdibrarieswereusedto
developthegraphicaluserinterface. TheJava 2D APl is usedto draw the graphicsof the Information
Pyramidandit is describedn this chaptertoo. The chaptercloseswith a discussiorof Java 3D and
JaraOpenGL.

The InformationPyramidstechniqueis explainedin Chapterd. The purposeandthe advantages
of thistechniquearediscusse@ndthe developedvisualisationmethodis described |t is introduced
how the hierarchytogetherwith additionalattributesof the displayedinformationcanbe visualised.
The possiblemethodsto explore the displayedinformation andto navigate throughthe visualised
landscapeareexplained.Two applicationsvhichimplementthe InformationPyramidgsechniquethe
3D Explorerandthe 3D Explorerfor VRML, areintroducedn thelastpartof the chapter

Chapter5 introducesthe newv conceptsbehindthe Java PyramidsExplorer Firstly, the disad-
vantagesf the previous implementation®f the Information Pyramidstechniqueare listed andthe
improvementsof the new approachesre explained. The mainimprovementsof the Java Pyramids
Explorerarethe combinationof differentvisualisationtechniquesthe improved display of the tex-
tual descriptionsf the nodesin the hierarchy the usageof a platform-independedrgraphicslibrary,
andtheintroductionof exchangeabléayoutmanagersSecondlythe choiceof views to visualisethe
hierarchicallystructurednformationareintroduced.The Jara PyramidsExplorerdisplaysthe hier
archyin atreeview, a childrenlist, anda pyramid view. Eachof thesedifferentviews arediscussed
in detail. Finally, the navigational possibilitiesandthe provided navigationalaidsare explained. It
is describechow the usercannavigatethroughthe hierarchy how differentpartscanbe expandedor
collapsedandhow the usercanfocuson particularsubtreeof thevisualisation.

1



2 CHAPTER1. INTRODUCTION

Selecteddetails of the implementationof the Java PyramidsExplorer can be found in Chap-
ter 6. The applicationwas developedusing object-orientedechniquesandthe classhierarchyand
particularlythoseclasseghat are importantto understandhe conceptshehindthe implementation
aredescribedn detail. Furthermorehe visualisationmethodsareintroducedandthe enhancements
to theInformationPyramidsvisualisationareexplained.As the Java PyramidsExplorerdisplaysthe
pyramidin simulated3D the methodghatareusedto drav the pyramidview arealsointroduced.

Finally, Chapter7 discussesurrenttrends,describesvork in progressandoutlinessomeideas
for future extensionsandresearch.

AppendixA is auserguideto the Java PyramidsExplorerapplication.It describeghe hardware
andsoftwareprerequisiteandthe stepsneededo install andrun the program.The differentpartsof
theapplicationwindow aredescribedaswell asthe menuitemsin themenubarandthetool bar. The
appendixalsoexplainsthe navigationalpossibilitiesandaidsprovided by the application.



Chapter 2

Techniquesfor Visualising Lar ge
Hierar chies

2.1 Motivation for Visualising Hierar chies

In the early daysof softwaredevelopmentmuchresearctwasdoneto improve the performanceand
reliability of softwareandthe softwaredevelopmentprocess Softwaredevelopershadto solve mary
problemsand openquestionsandthe usability of their software was not so important. This led to
productswith inconsistenandunintuitive userinterfacesandusershaving to learnhow to work with
eachnew product.

As moreandmoreusersbeganto work with computershardwareandsoftwaredevelopersbegan
to think abouthow userswork with their products.A new field, calledHumanComputernteraction
(HCI), emepged. HCI addressebow userinterfacesshouldlook sothatthey aresimpleandintuitive
to use. During the lastfew yearstherehave beenmary publicationsin this field andhardware and
softwaredevelopershave begunto realisetheimportanceof HCI.

Todaymuchresearchs beingdoneconcerninghe designof graphicaluserinterfacesandthevi-
sualisatiorof information[Shn97 [DFAB98] [CMS99. Therapidly growing amountof information
thatis beingprocessethy computergsequiresnew techniqueso efficiently visualisethis information.
As an example, the World Wide Web (WWW) grows every day by thousandof nev web pages.
Consideringheseweb pagedo be piecesof information, visualisationtechniqueslike a simplelist
of all of thesepageswould fail to be understandablandeasilycomprehensibleln this context one
canspeakof informationoverload.

An often usedtechniguegto structureandorganiseinformationis a hierarchy Examplesof hier
archieswould bethe hierarchicalorganisatiorof emplgoyeesin acompany or thefiles anddirectories
storedon a harddisk in a computer Due to informationoverload,hierarchiesare becominglarger
andlarger Eventhe harddisk of anordinaryhomePC containsthousandof files. Thereforeit is
animportantquestiorhow hierarchieshouldbevisualised.Traditionalvisualisatiortechniqueslike
outlinesor treediagramsarenotidealfor visualisinglarge hierarchies Many old andne~v methods
areperfectfor visualisingsmall, compacthierarchies. Small hierarchiesvhich canbe dravn on one
sheetof paperor onepageon a computerscreencanbe visualisedproperly If the hierarchyis too
large to fit on onepageandthe userhasto scroll to seethe whole hierarchy maybeeven over more
thanonepage thevisualisatiormethodfails to be simpleandunderstandable.

Methodshave beendevelopedto visualisevery large hierarchieswith even hundredsor thou-
sand=f nodes.Someof thesemethodausetwo-dimensionaliisualisationsandsomeof themthree-
dimensional As the graphicalcapabilitiesof personatomputersmprove, three-dimensionalisuali-

3



4 CHAPTERZ2. TECHNIQUESFORVISUALISING LARGE HIERARCHIES

sationsaregainingin importance Userscanwearshutterglasse®r headmounteddisplaysto explore
virtual worldsandinteractwith objectsin thesevirtual ervironments.Within thesethree-dimensional
worldsatwo-dimensionalisualisationof a hierarchydoesnot seento beappropriateln additionto
thesenew visualisationsomemethodsalsovisualiseotherattributesof theinformationtogethemvith
the hierarchy For examplethe Harmory InformationLandscapeisualisedifferentdocumentypes
with differentcoloursor shapes.

Attributeswhich might bevisualisednclude:

type of information

guantityof information

quality of information

ageof information

ownerof information

The remainingpart of this chaptergivesa shortintroductionto someof the visualisationtech-
niques two-dimensionahndthree-dimensionalyhich have beendevelopedto visualisehierarchies.

2.2 TreeViews

Treeviews useanoutlinemethodto visualisehierarchiesThey aresimpleto implementandcanalso
be usedin text basedsystems.Usually if the userstartsto work with a tree,not all subtreeof the
hierarchyareexpanded.Theusercannavigatethroughthetreeby expandingandcollapsingsubtrees.
Thatmeanghe usercandecidehow deeplyor broadlythe hierarchyshouldbedisplayed.

By openingsubtreeghe displayedpart of the hierarchygrows bothin the vertical andthe hor
izontal direction. If thereis not enoughspaceto displayall information, scrollbarsare usedto be
ableto scroll throughthe displayedparts. However, this is also animportantdisadwantageof this
visualisationtechnique The userdoesnot getagoodoverview of the structureof theentirehierarchy
becaus@f theexpanding.collapsingandscrolling.

Nowadaysmostgraphicaluserinterfaces,like the X-Windows basedwindov manageror Mi-
crosoftWindows (seeFigure2.1), provide treeviews asstandardyraphicalcomponentsMany appli-
cationsusethesestandarccomponentandthereforeit is easyfor usersto work with trees.Swing,a
new classlibrary for Javal, providesa treecomponenthatcandisplayall kind of multimediainfor-
mationlik e text, graphicsanimationsgetc (seeFigure2.2).

1Jarais anobject-orientegrrogramminganguagelevelopedby SUN Microsystems.
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Figure2.2: An exampleof thetreecomponenbf the Swingpackage.
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Figure2.3: An exampleof a hierarchyandthe correspondingree-Map. The numbersindicatethe
sizesof thenodesandthe sizeof aninnernodeis the sumof its children.

2.3 Tree-Maps

Tree-Maps,asdescribedn [JS9], arean interactive visualisationmethodwhich map hierarchical
informationto arectangulatwo-dimensionatlisplay Thisis donein aspace-fillingmannermeaning
that 100%of the displayspaces used.Hierarchicalstructuresontainstructuralinformationwhich
is associatedvith the hierarchyand contentinformation which is associatedvith eachtree node.
Tree-Map<canvisualisebothkinds of information.

In orderto visualisethe structureof a hierarchy the Tree-Mapsmethodassignanoreimportant
information more display space. Eachnodein the hierarchyis assigneda weight. The usercan
selectbetweerdifferenttypesof weight, dependingon the type of informationbeingdisplayed(e.g.
disk usagejf adirectorytreeis displayed),aswell asothervisualisationpropertieqge.g. coloursof
differenttypesof nodes).To bemeaningfulto theuser thesizeof anodeis proportionalto its weight.

The displayspaceis partitionedinto rectangulatboundingboxesto representhe tree structure.
Eachnodein the treeis representedby a rectangle. The children of a nodeare dravn within the
rectangleof their parent. To use100% of the display spacethereis no borderarounda node. The
size of a child nodewithin the rectangulaboundaryof its parentis proportionalto its weight (see
Figure2.3).

Tree-Mapsusea recursve drawing algorithmandthe drawing is donebackto front. A parent
nodeis dravn beforeits childrennodes.After eachlevel of the hierarchy the partitioningdirection
changedrom verticalto horizontalor vice versa.Thetime to calculateanddrav a Tree-Mapis O(n).

Tree-Mapsprovide a goodovervien of a hierarchy However, hierarchieswith mary leaf nodes
leadto visualisationswith very smallrectanglesThereforethe userhasonly a roughbut no detailed
overview. The possibilityto zoominto regionswith smallnodescanhelpto solve this problem(see
Figure2.4).
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2.4 Hyperbolic Browser

The hyperbolicbronser [LRP95] usesa focus+contet techniquefor visualisingand manipulating
large hierarchiesFocus+contet meanghattheentirehierarchycanbeseerascontet while focusing
on particularpartsof the hierarchy The relationshipbetweenthe focusedpartandthe hierarchyis
visible. The hyperbolicbrowsertechniques patentedy Xerox CorporationLR97].

The hierarchyis laid out on a hyperbolicplane(seeFigure 2.5) andthis planeis mappedontoa
circulardisplayspace Thehyperbolicplanehasthe advantagehatit is a non-Euclideargeometryin
whichthecircumferencef acircle grovs exponentiallywith its radius. Theconnectiorto hierarchies
is that hierarchiesalsotendto grov exponentiallywith depth. Thereforeif you wantto visualisea
hierarchyin hyperbolicspaceyou have approximatelythe samespaceavailablefor parentschildren
and siblings everywherein the hierarchy To layout a node, a wedgeof the hyperbolic planeis
assignedo it. Thewedgeanglesoutfrom the node. The layoutis donerecursvely andevery node
placests descendanti® the assignedvedge.

For display the hyperbolicplanehasto be mappedto a two-dimensionaplane. A conformal
mapping,calledthe Poincaé model,is used.A conformalmappingpreseresanglesbut linesin the
hyperbolicplanearearcsin theunit disc.

Initially the root of the hierarchyis displayedat the centreof the displayspace.The focuscan
be changeckitherby clicking on ary visible point, bringing the point to the centre,or by dragging
ary point of the visualisationto ary otherposition. Animatedtransitionsareusedto helpthe userto
understandhe changesacrosddifferentviews. The layout of the hierarchyis only performedonce
evenif thefocuschangesThisis possiblebecauserigid transformatioris usedto performchange
of focus.

2.5 Cheops

CheopgdBPV96] is anapproacho visualiseeven hugehierarchieswith millions of nodes.Theidea
behindthe Cheopsmethodis to compresgshe simpletree visualisationasshavn in Figure2.8. A
nodein the hierarchyis visualisedasatriangle.

If a hierarchyis visualisedusinga simpletreeview visualisation,muchspaces wasted.|f the
hierarchyis very deep,the treeview becomesrery wide andthe availabledisplay spaceis not well
used. Cheopstakes care of this problemby compressinghe tree view. This is done usingtwo
techniquesthetrianglesaredravn overlappingandthis reduceghe spaceneededetweersiblings,
andonetriangleis reusedto display the information of more than one nodewithin a level in the
hierarchy These‘overloaded'trianglesbecomeunambiguousvhentheir parentis selected.

Figure 2.6 shaws the simpletreeview visualisationof a fully expanded3x3 deephierarchy To
shawv how Cheopscompresseshis view, Figure 2.7 shavs the Cheopsvisualisationof the same
hierarchy If, in the Cheopspyramid, the leftmosttriangle on the middle level is selectedthe three
leftmosttriangleson the lastlevel representhe nodesA,B andC. Thusby selectingthe parentof a
node the overloadedrianglesgetunambiguouslf anodeis selectedhe pathfrom the selectechode
to theroot nodeof the hierarchyis highlighted.

A trianglecanhave differentcoloursandborders.The colour of atrianglevisualisests relation-
shipto the selectechode.Thefollowing relationshipsarepossible:

e Selectedchode

e Unclenode
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Ferdinand

Figure2.8: The Cheopsvisualisationof a hierarchyusingcolourcodinganddifferentborders.

e Child node
e Singularnode
e Overloadedhode

e Unusednode

A singularnodeindicates thatthe triangleis not overloaded.The colour of the borderof a triangle
indicategthe currentfocuspoint.

If, viaamouseclick, anodeis selectedall triangleswhicharenotaffiliated with theselectedhode
aregiventhevisualrepresentationf anunusedode.This hasthe advantagethatthe global contet
of thehierarchyis notlost. If theusermovesthe mousepointerover atrianglewithout clicking onit,
the branchof theunderlyingnodeis highlighted. Therebythe usercanexplore partsof the hierarchy
which arenot selectedvithout losingthe currentselection.

2.6 Information Slices

Information slices[AH98] are anothertwo-dimensionatechniqueto compactlyvisualiselarge hi-
erarchies. They useone or more semi-circulardiscsand eachdisc representsnultiple levels of a
hierarchy If morelevels have to be shavn thanonedisc canhold, a cascadingseriesof discsare
used.At eachlevel in the hierarchythe spaceusedfor achild is proportionalto its total size.

Figure 2.9 shaws the visualisationof a hierarchyusinginformationslices. The left disc shavs
somelevels of the hierarchy If morelevels of the hierarchyare openedthe right discis alsoused
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Figure2.9: The DataDiggerapplicationusingthe InformationSlicestechnology

to displayall openedevels. If still morelevels areopenedihe leftmostdiscis iconified, the levels
of theright discaremovedto theleft discandtheright discdisplaysthe new levels. The numberof
levels perdiscis userconfigurableandtypically betweerb and10.

Early experienceshaved that information slicesare well-suitedto navigating very deephierar
chies.They arealsousefulto getafeelingfor therelative sizesof differentpartsof a hierarchy

2.7 ConeTrees

Three-dimensionalisualisationf hierarchiesare usedto maximisethe usageof availabledisplay
spaceandto visualisethewhole structureof a hierarchy ConeTrees(seeFigure2.10)[RMC91] are
onemethodto lay out hierarchiesn threedimensions Every nodeof the hierarchyis visualisedike
anindex cardandis theape& of acone.A conein aConeTreeis thesameasawedgein atreeview.

Theroot nodeof the hierarchyis placednearthe top of the three-dimensionalisplay space.It
is the ape of a coneandthe childrenof the node,leaf nodesaswell asnon-leafnodes,are evenly
spacedhlongits base.Thenext layerof nodess dravn belav thefirst layer Thisis donerecursvely
until thewhole hierarchyis dravn. Eachconehasthe sameheight,thatis the heightof the available
displayspacedivided by the depthof thetree. The size of eachnodeis calculatedn away thatthe
whole hierarchyfits into theroom. The diameterof the conebases reducedeachlevel. Thisinsures



14 CHAPTERZ2. TECHNIQUESFORVISUALISING LARGE HIERARCHIES

oo R e T PO O ey 1

Figure2.10: Thevisualisationof a hierarchyusingConeTrees.

thatthe bottomlayerfits in thewidth of the availabledisplayspace Thetext of anodeis only dravn
if the nodeis highlighted. Due to the aspectratio of the cardsthe text doesnot fit very well in the
availablespace.An approacho solwe this problemareCamTrees(seeFigure2.11). CamTreesare
ConeTreesthatgrow from left to right andnot from top to bottom.

Whenthe userselectsa node,the ConeTreerotatesandthe selectechode,aswell aseachnode
on the pathfrom the root to the selectechode,is broughtto front and highlighted. The rotationis
animatedso that the humanperceptuakystemcantrack it. The rotationof all necessargonesis
donein parallelandis deliberatelydesignedo take aboutonesecond.Thistime seemgo be enough
for the userto understandvhatis goingon. Thereis alsothe possibility thatthe ConeTreerotates
continuously This shouldhelpto visualisethe structureof the hierarchyto theuser A coneis shaded
transparentlyso thatit doesnot block the view of conesbehindit. As somepartsof the hierarchy

are often not usedduring navigation and exploration, the usercan expandor collapsepartsof the
hierarchy

To enhancehe userperceptiorof three-dimensionapace somefurthertechniquesareused.A
three-dimensionglerspectie transformatiorresultsin sizechange®f nodesdependingntheir dis-
tanceto the user Thereforenodesthataremorefareaway from theuseraredravn smaller Lighting
effectsare usedto make the whole scenemore natural. Thus nodesin the backgroundare dravn
darker thannodesin the foreground. Shadavs of conesandnodesalsoprovide extra informationto
theuser Thedarker the shadav undera particularpartof the hierarchybecomesthe morenodesare
in this partof the hierarchy
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Figure2.11: Thevisualisationof a hierarchyusingCamTrees.

2.8 File SystemNavigator

The File SystemNavigator (FSN)is a three-dimensionallirectorybrowserfor the UNIX operating
system.ThetechnologybehindFSNwasdevelopedandpatentedy SGI[ST964 [ST96b]. FSNuses
alandscapenetaphoto lay outahierarchy

A hierarchyis laid out on alandscapeisinga corventionaloutline method.A directoryis visua-
lisedasa squarepedestalLinesconnectinghe pedestalsisualisethe structureof the hierarchy The
width andtheheightof a pedestatiepend®n the numberof filesin thecorrespondinglirectory The
files of adirectoryarelaid out on thetop of the pedestalA file is displayedasa column. The height
of acolumnrepresentshesizeof afile. A minimumsizeis usedto preventtoo smallcolumns.The
colourof acolumndependsn the ageof its file. An icon on thetop of a columnshaows thetype of
the displayedfile. The namesof the directoriesaredrawn in front of the pedestalaslabelson the
landscapdseeFigure2.12).

To navigatethroughthedisplayedscenedifferentmethodscanbeused.Theuserhasthe possibil-
ity to freely fly aroundin the sceneusingthemouse.If theuserselectsanobject,azoommethodcan
be usedto fly to the selection.Interestingplacesandviewpointscanbe marked. The marked places
aredisplayedin a listbox andcanbe visited againby selecting.A backbutton malkesit possibleto
undonavigationalsteps.To make selectionsvisible, a selectedbjectis highlightedwith a spotlight.
An overviev window canbe openedo shav a two-dimensionabutline of the entire hierarchy(see
Figure2.13).

In spiteof thefactthat FSN usesthreedimensiongo visualisea hierarchy this methoddoesnot
have mary advantagesver a two-dimensionavisualisation. This is becauséhe third dimensionis
usedto displaythe pedestaland columnsof the directoriesandthe files only. The structureof the
hierarchyis just atwo-dimensionabutline dravn on thelandscape.

Anothervisualisationtechniquethat usessimilar display methodsis the Harmory Information
Landscape.lt was partof the Harmory projectat the ICM. The Harmory InformationLandscape
[Eyl95] [Wol96] is usedto visualisethe hierarchyof a Hyperwave sener.
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Figure2.12: The FSNapplicationwindow.

Figure2.13: The overvienv window of the FSNapplication.
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2.9 MAPA

MAPA [DK98] is awebmappingserviceof DynamicDiagrams,nc. It providesenhancedacilities
to navigatethroughlarge web sitesandit canbe usedto visualisea hierarchicaktructureof the site.

The MAPA systemextractsthe hierarchicalstructurefrom an arbitrary web site, storesit in a
databasandprovidesvisualisationabndnavigationalfacilities. The designof MAPA malkesit most
usefulfor websitesfrom 500to 50,000webpages.

MAPA consistf four mainmodules:

e WebWalker
Thewebwalker is usedto gatherink informationfrom awebsite.

e Organizer
Theorganizercreates hierarchicaktructureof thelink informationgatheredy thewebwalker
andstoreghe hierarchyandthelink andmeta-informatiorin a centraldatabase.

e Link List
Thelink list is a CGl-generatedveb pagethat shavs a summaryof all the links relatingto a
particulardocumentThelink list getsthelinks from the centraldatabase.

¢ Visualisation Applet
The visualisationappletis a Java appletthat visualisesthe hierarchy which is storedin the
databaseasamap.

Themap,generatedby thevisualisationapplet,is alocal map(seeFigure2.14). It alwaysshavs
thelocationof a singlefocuspagewithin the overall structureof the hierarchy The visualisationof
the mapconsistf thefollowing parts:

e The focuspage
Thefocuspageis in the centerof the mapandshaws the currentactive document.Positioned
in the centerof the map, it shouldhelpto visualisethe currentpositionof the userwithin the
hierarchy

e The ancestryof the focuspage
Theorangepagesplacedon thelower left of the map,arethe parentpagesof the focuspage.
They visualisethe pathto theroot pageof the hierarchy

e The child pages
The child pagesof the focuspagehave a greencolour All child pagesareshavn. To be able
to draw themwithout an overlay, they are placedbehindthe focus pagealongthe horizontal
diagonalof theisometricprojection.

e The grandchild pages
Theblue colouredgrandchildpagesareplacedbehindthe child pagesijn parallelrows. They
areshavn to be ableto go directly to a grandchildpageof the focuspageandto have a visual
indicationof the extentsof the currentpartof the hierarchy

Navigationin MAPA canbe doneby usingtwo differenttechniques Eitherthe userselectsone
of the pageson the mapandthis pageis goingto bethenew focuspage(mapnavigation),or theuser
cangoto ary otherwebsite (site navigation). To seethe nameof a pagethe usercanmaove themouse
pointerover it andthe nameis shavn above the page.If theusermovesover achild page thenames
of all child pagesappear
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Chapter 3

Graphical User Interfaceswith Java

3.1 Intr oduction to Java

Javais anobject-orientegorogramminganguagealevelopedby SunMicrosystemswvhich emegedin
the early 19905 [AG9q [Javc]. Java hasmary similaritieswith older programminganguagedike
C, C++andSmalltalk,but its designmalesit easyto develop platform-independdnobject-oriented
software.As KenArnold andJamesGoslinghave notedin [AG94]:

“The Java programminganguagdhereatftercalledsimply “Java”) hasbeenwarmly re-
ceived by the world communityof software developersand Internetcontentproviders.
Usersof the Internetand World Wide Web benefitfrom accessto secureplatform-
independentapplicationsthat cancomefrom anywhereon the Internet. Software de-
veloperscreatingapplicationsin Java benefitby developing codeonly once,with no
needto “port” their applicationgo every softwareandhardwareplatform.

For mary, Java is known primarily asa tool to createappletsfor the World Wide Weh
“Applet” is the term Java usesfor a mini-applicationthat runsinside a web page. An
appletcanperformtasksandinteractwith the useron their brovserpagewithout using
resourcedgrom the Web sener after beingdowvnloaded. Someappletsmay, of course,
interactwith the sener for their own purposesbut that's their business.

Javais indeedvaluablefor distributednetwork environmentdiketheWeh However, Java
goeswell beyondthis domainto provide a powerful general-purposprogrammingan-
guagesuitablefor building avarietyof applicationghateitherdo notdepencon network
features,or wantthemfor differentreasons.Java’s ability to executecodeon remote
hostsin a securananneiis a critical requirementor mary organisations.

OthergroupsuseJava as a general-purposerogramminglanguagefor projectswhere
machinendependences lessimportant.Java’s easeof programmingandsafetyfeatures
help producedelhuggedcodequickly. Somecommonprogrammingerrorsnever occur
becausef featuredike garbagecollectionandtype-safereferencesModernnetwork-
basedandgraphicaluserinterface-base@pplicationghat mustattendto multiple tasks
simultaneousharecateredo by Java’s supportfor multithreadingwhile themechanisms
of exceptionhandling,easethe task of dealingwith error conditions. While its built-in
tools are powerful, Jara the languagés itself a simplelanguagen which programmers
canquickly becomeproficient.

Themostsignificantdifferenceto programmindanguagesike C or C++is theplatformindepen-
denceof Java. The compilercompilesprogramswritten in Java into a bytecodewhich is translated

19
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into machinecodeduring runtime. The Java Virtual Machineis the interpreterwhich performsthe
translation.Bytecodefor the Java Virtual Machineis equivalentto the machinecodefor aprocessor
Theonly partof Java thatis not platform-independdris the Java Virtual Machine. Sincemary dif-
ferentvirtual machinedor the mostimportantoperatingsystemsexist this is no disadwantage.The
programmetusingJava doesnot have to think aboutthis at all. Programmindanguageshatusean
interpreter(think aboutthe old andfamousBASIC) tendto be slow but Java programsarealmostas
fastasprogramswrittenin C or C++. Theobjectorienteddesignof thewritten softwareletsprograms
oftenperformevenfaster

Maybe platform independencés the mostimportantadvantageof Java but a lot of otherthings
make this programminglanguagealsovery interesting. Using Java, the programmedoesnot have
to take careaboutthe storagemanagemensf his software. Jasa providesautomaticstoragananage-
ment,calledthegarbagecollector Memoryis automaticallyallocatedanddisallocatedor theobjects
thatareused. Simpleto useexceptionhandlingis alsoprovided aswell assupportfor threads.As
concurrenfprogramminggainsimportancethis seemgo be very useful. A rich setof classlibraries
andthe integratedAPI for graphicaluserinterfacesarefurther advantageof Java. All thesethings
togethemalke the Java programmingdanguagevery interestingio expertandnovice usersalike.

With Java a programmercanwrite every programthat could be written with ary otherlanguage.
The capabilityto run within a virtual machinemakes systemspossiblethat go beyond the scopeof
traditionalapproacheslava programscanrun asdifferenttypesof applications Examplednclude:

e Stand-aloneApplication
A stand-aloneapplicationis the sameas a traditional application. The bytecodeis usually
loadedfrom a local disc andexecutedby a Java Virtual Machine. A stand-alonepplication
canuselocal andremoteresourcesindhasno securityrestrictions.

e Applet
An appletis a Java programthatis executedwithin the Java Virtual Machineof a webbravser
The bytecodeof the appletis loadedfrom a remotesener. Appletsareoften usedfor visual-
isations,animationsor enhancediserinput that would not be possiblewith HTML. Sincean
appletis executedon the computerof the userspecialsecurityconsiderationfave to bemade.
An appletis, by default, not allowed to accesshelocal file systemandcannotmalke network
connectiongo senersotherthantheoneit wasloadedfrom.

e Sewlet
Servletsare Jara programsthat run within the Java Virtual Machineof a sener. The kind of
seneris notfurtherspecifiedandmightbeawebserer, aftp-sener, amail-sener or ary other
type of sener. Nowadaysservletsare mostoften usedto dynamicallygeneratenveb content.
Similarto CGl-scriptsthey produceHTML outputby arequesbf auser By default, aservlet
hasno securityrestrictions.They have the samerights asstand-alonepplications.Only if the
bytecodeof a servletis loadedfrom aremotesener aresecurityrestrictionsapplied.

e EmbeddedSystem
Java canbe usedto write programsfor embeddedsystems.|If the embeddedsystem,e.g. a
smallchip on a creditcard, providesa virtual machine bytecodecanbe loadedandexecuted.
Who knows, maybethe microvave ovenof the futureusesJazato warmour meals.

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

Eventhefirst versionof the Jara DevelopmenKit (JDK) providedalibrary to build graphicaluserin-
terfaces.Thislibrary is calledthe AbstractWindow Toolkit (AWT). As Javais aplatform-independen
programminglanguagethe AWT hasalsoto be platform-independenand the developedgraphi-
cal userinterfacesshouldlook good and consistenon all platforms. Thesedesigngoalswere not
achieredin Java 1.0. Theproducediserinterfacedook equallymediocreon all systemsandthereare
mary bugs,evenin thenewvestversionof Java 1.0. Althoughthecoreclasdlibrariesof versionl.0are
very well designedthe AWT programmingmodelis notreally object-orientedindis alsoawkward.

With Java 1.1anew versionof the AWT camealong. The mostimportantmodificationin the new
versionof the AWT wasthe new eventmodel. It is muchclearerandit is object-orientedlesigned.
Thedesignof graphicaluserinterfacesbecamanucheasierandmostof the bugsof versionl.0were
eliminated. The AWT version,describechereafteris the oneusedin Jara 1.1. Exceptof the event
handlingtherearemary similaritiesbetweerthe AWT’s of Java1.0and1.1.

The userinterfaceof a programnot only consistsof the graphicalobjectsa usercanseeon the
display Soundsfeelingsandothermethodso communicatevith the userarealsopartsof the user
interface. Sincethis thesisis aboutthe visualisationof information, this sectiondescribesonly the
graphicalcomponent®f the AWT. It shouldbe mentionedthatthe AWT providesmechanismsgor
othertypesof interaction e.g. playingsoundstoo.

The BasicComponentsof the AWT

The AWT providesmary basiccomponentshataremostoftenusedto build graphicaluserinterfaces.
AWT componentsiot only include standardcomponentdike buttons and labels, but also higher
level componentdike a file dialogwindow. Eachbasiccomponenhasthelook-and-feelof the used
window manager For example, a button doesnot look the sameif a Macintoshsystemis used
insteadof a Windows basedsystem.All of the componentprovide eventsto reacton userinput or
modifications.

The componentprovidedfor userinputare:

e Buttons

e Carvas

e Checkbors
e Choices

e Labels

e Lists

e Menus

e TextFields
o TextAreas

e Scrollbars
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Figure3.1: Thebasiccomponent®f the AWT.

Figure 3.1 shaws thesecomponentsinderthe Windows ernvironment. It shouldbe mentionedthat
the componentsby default, provide basicfeaturesonly. For example,a TextField doesnot provide
mechanismgo checkthe userinput. This hasto be doneby the programmer Eachof thesecom-
ponentsexceptMenus,are derived from the Componentlass. The Componentlasscontainsthe
functionality neededor drawing, layoutandeventhandlingof a component.The Carvasclasscan
be usedto write customcomponentsFor example,a classthatis a subclassof Carnvascould draw
imagesor analternatve buttonwith ary kind of eventhandling.

Furthermorehereexist containerclassesn which the componentsanbe groupedanddravn.
Thesecontainersare subclassesf the classContainer Containeris derived from Componengand
thereforeevery Containerobjectcanalsobe usedasa Componenbbject. The containerclassesre:

e Subclassesf Window
Frame Dialog and FileDialog are subclassesf Window. Frameobjectsare usedto create
full-fledgedwindows. They areindependenbn otherwindows. Dialog objectsin contrastto
Frameobjectsdo have a parentwindow andcanbe modalor non-modal.

e Panel
Panel objectsgroup componentswithin a container Componentsan be addedor removed
from apanel.A componenthatis partof a panelis displayedwithin theboundarie®f it.

e ScrollPanes
A ScollPaneis a specialkind of panel. The purposeof a SciollPaneis to provide a scrolling
possibility for a partof a window. The usercanscroll in a SciollPane usingscrollbars. The
way informationis visualisedandscrolleddependsn the componentshatareinsertedinto a
ScollPane
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Figure3.2: A panelthatusesFlowLayout

The Layout of Components

If componentsireaddedinto a containerandthe containeris dravn, the positionsandsizesof the
componentare calculatedby a layoutmanager Every containerhasits layoutmanagemandevenif
no layoutmanagers explicitely assigned defaultlayoutmanagers used.The sizesandpositionsof
the componentslependon the dimensionof the draving areaof their container If the dimensionof
the containerchangese.g. if awindow if resizedthe componentsrelaid out again. The sizesand
positionscanbe differentafterthe new layout. Next, someof the mostimportantlayout managers
thatarepartof the AWT aredescribed.

FlowLayout

FlowLayoutusesa simplealgorithmto arrangehe componentsThe componentsrepositionedine
by line from top left to bottomright and are compactedo their smallestsize. The orderin which
the componentsre positioneddependon the orderin which they are addedto the container The
following exampleaddsthreebuttonsto a panelthatusesFlowLayout Figure3.2 shavs theresulting
screenshot.

Button buttonl
But t on button2
Butt on button3

new Button("Button 1");
new Button("Button 2");
new Button("Button 3");

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

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

BorderLayout

BorderLayoutis thedefaultlayoutmanagefor all Windowobjects.A containethatusesBorderLay-
out canhold up to five components.The five regionsin a BorderLayoutcontainerare north, south,
east,westandcenter The centerregion getsthe mostspaceavailable. The north andthe southpart
have the samewidth asthe completedraving areabut they areonly ashigh astheirminimumheight.
The eastandthe westpart arefilled vertically but are only aswide astheir minimum width. If a
componenis addedto a BorderLayoutcontainerthe nameof theregion is the first agumentof the
add()method.BorderLayoutsuitswell for applicationswith amenu,a statusbaranda centerregion,
e.g. aneditor Following exampleusesa BorderLayoutlayoutmanagelandthe resultingscreenshot
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. set Layout (new Border Layout ()) ;

p. add("North", buttonNorth);

p. add(" Sout h", buttonSouth);

p.add("East", buttonEast);

p. add("West", buttonWst);

p.add("Center", buttonCenter);
CardLayout

Thefunctionalityof the CardLayoutlayoutmanagercanbebestimaginedik e a pile of cards.Froma
pile of cardsonly thefaceof thetopmostcardcanbe seen.f anothercardis takenandlaid on top of
thepile, only thefaceof thisnew cardis visible. Usingthesameechniquea panelusingCardLayout
canhold morethanone componentike a pile of cards. Only the topmostcomponentanbe seen.
CardLayoutprovidesfunctionalityto changehe componenthatlies onthetop of thepile.

GridLay out

With the GridLayoutlayoutmanagecomponentganbe positionedn a tatular manner Arguments
to the constructorof a GridLayoutobjectarethe numberof rows and columnsthat shouldbe used.
Every componentn thetablehasthe samesize. Thepositionof acomponenin thetabledepend®n
the orderin which the components@readdedinto the container Like FlowLayout the components
areaddedfrom top left to bottomright. Thelastrow of thetabledoesnot have to befully filled. The
remainingpartof thetableis simply empty
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GridBagLayout

GridBagLayoutpositionsthe addedcomponentslsoin a takular manner The differenceto Grid-

Layoutis, that the componentslo not have to have the samesize andtheredo not have to be the
samenumberof columnsperrow. Eachcomponenis referencediy a GridBagConstraintgbject.
The GridBagConstraintsbjectis responsibldor thelayoutof thecomponentithin thetable. Grid-

BagLayoutis the mostsophisticatedayoutmanagethatcomeswith the AWT. As it is very sophis-
ticatedit is alsovery difficult to understandA completedescriptionwould go far beyondthis brief
overview of the AWT.

Absolute positioning

Absolutepositioningof componentsvithin containerds alsopossible.lt shouldbe avoidedbecause
of the differentplatformsa Java applicationcanrun on. Absolutepositioningis usefulif the taget
platformis known but differencesn the sizesof e.g.fontsmake it very hardto positioncomponents
for morethanonetargetsystem.

Combination of Layouts

For mostapplicationsonelayout managewill not be enoughto fulfil all layout problems,If more
thanonelayoutmanagemhasto be usedwithin a window, Panelobjectscanbe used.As mentioned
earlier panelsare usedto groupcomponents.As a Panel objectis a subclasof Containerit hasa
layout manager Of course differentpanelscanhave differenttypesof layout managers.Thusthe
combinatiorof layoutmanagersvithin onewindow is no problematall. Thenext exampleshavsthe
usageof BorderLayoutandGridLayoutin onewindow andFigure3.4shavstheresultingscreenshot.

Button buttonNorth = new Button("North");
Butt on buttonSout h new Button(" Sout h");
Button buttonEast = new Button("East");

Button buttonWest = new Button("West");

Button buttonCenterl = new Button("Center 1")
Button buttonCenter2 = new Button("Center 2");
Button buttonCenter3 new Button("Center 3")

Panel p = new Panel ();
p. set Layout (new Bor der Layout ());

Panel pl = new Panel ();

pl. set Layout (new Gi dLayout (3,1));
pl. add( buttonCenterl);

pl. add( butt onCent er 2) ;

pl. add( buttonCenter 3);

p. add("North", buttonNorth);
p. add(" Sout h", buttonSouth);
p. add("East", buttonEast);
p. add("West", buttonWest);
p. add("Center", pl);
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Figure3.4: A panelthatusesa combinationof BorderLayoutandGridLayout
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Figure3.5: Thedrawing hierarchyof the FlowLayoutwindow.

The Drawing of Components

After the componentsrelaid out within their containerghey have to be dravn. Drawing requests
occur for example,if the userinterfaceappeardor the first time or if a window hasbeenresized.
Thedrawving beginswith the componentst the backandendswith thoseat the front. Thinking of a
container the containeris dravn beforeits componentsaredravn. The orderin which components
aredrawvn lookslike a hierarchy(seeFigure3.5). Thedraving of acomponentn onelevel hasto be
finishedbeforecomponent®f the next level aredravn. Otherwiseit could happenthatcomponents
arenotdisplayedproperly Thecorrectorderis guaranteedby the AWT drawing system.

A componenbnly draws itself if the AWT drawing systemtells it to do so. The AWT creates
threadsto order drawing requests. There are threeimportant methodsthat are usedfor draving
operationsAll of themaremethodsof the classComponent

e update()
Theupdate()methodis calledby the AWT drawing systemto tell the componenthatit should

draw itself. If not overwritten, update()clearsthe backgroundof the componentand then
invokesthe paint() methodwhichis responsibldor the draving.

e repaint()
Whenthe repaint() methodof a componenis called, the componenis scheduledor an up-
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date()by the AWT drawing system.

e paint()
The paint() methoddrawvs the component.By default it doesnothing. Most often the paint()
methodis the only drawing methodthatis overwrittenby subclassesf Component

Therepaint()methodhasho agumentsandtheupdate(Jandpaint() methodshave only oneargu-
ment,the Graphicsobject. The Graphicsobjectrepresentshe draving context of the application.If
the paint() methodwantsto drav somethingt usesthe functionality of the Graphicsobject. There-
fore the Graphicsobjecthidesthe platformdependenbperationsrom theapplication.Thegraphical
primitivesthatcanbedrawvn are:

e Lines

Polygons

Rectangles
e Arcs

Ovals

o Text

Images

The Graphicsobjectalsoprovides methodsfor filling theseprimitiveswith a specifiedcolout The
coloursandfontscanbe changedaswell asthedraving mode(XOR or paint).

Event Handling

Theeventmodelof the Java 1.1 AWT usesakind of obserer designpattern[GHJT95]. If somekind
of actionhappengo a componentg.g. the userclicks with the mouseon a button, the component
initiatesanevent. It is saidthatthe componentfires” anevent. Oneor moreobjects calledlisteners,
canregisterto benotifiedif acomponenfiresanevent. This modelhasthe advantagethatthe place
whereaneventis createdandthe placewherethe eventis handledcanbe separated.

Thereare several differenttypesof event objects. The type of the event objectdependson the
componenthathasfired it andthetype of actionthatoccured.Customcomponentganhave custom
eventclassesTheeventlistenershave to implementa particulartype of listenerinterfacedepending
onthekind of eventsthey wantto listenfor. To registeralistenerto eventsof a particularcomponent
thelistenerhasto beaddedo alist of listenerausingtheaddXXXListener(inethodof thecomponent.
XXX representshe type of eventthe listenerwantsto listen for. Examplesof adddXXXListener()
methodsareaddKeyListener()or addMouseListener()

The next exampleshaws the usageof the addActionListener(jnethod.Eventlistenerscanbe of
ary classbut inner classesarevery often usedfor event handling. Inner classeave the advantage
thatthey have accesgo thevariablesandmethodsof their parentclass.

Button button = new Button("H folks, let’s beep");
but t on. addAct i onLi st ener (new MyButt onLi st ener ());
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cl ass MyButtonLi stener inplenents ActionListener {
public void actionPerfornmed(Acti onEvent e) {
Tool ki t. get Def aul t Tool kit (). beep();

}
}

For listenerinterfacesthathave morethanonemethod,adapterclassesare provided to simplify
the usageof the interfaces. The adapterdamplementthe interface methodsusing default methods.
Most of thesedefault methodsare empty and do nothing. Thereforethe programmerhasonly to
derive thelistenerclassfrom the correspondingdapterclass.Only the necessarynethodshave to be
overwrittenandnot all of themhave to beimplemented.An exampleof a listenerinterfaceandthe
correspondin@dapteiis theWindowListenelinterfaceandthe WindowAdapterclass.

3.3 Swing

Swingis the nevestgraphicaluserinterfacetoolkit for Java. It is a classlibrary thatis availablefor
Javal.landJava l.2. While it is anextra packagdor Java 1.1it is alreadyincludedin Java 1.2 and
thereforealsopartof the Java DevelopmentKit 1.2. Mark Andrewns wrote several very goodarticles
aboutanintroductionto Swingandthatis the reasonwhy partsof this sectionarebasedon his work
[Anda] [Andb].As henotedin [Andal:

“The Swingcomponensetis anew graphicaluserinterface(GUI) toolkit thatsimplifies
andstreamlineghe developmentof windowing components- thatis, thevisualcompo-
nents(suchasmenus ool bars,dialogsandthelike) thatareusedin graphicallybased
programs.

With Swing, you candevelop powerful andscalableGUIs that have preciselythe “look

andfeel” thatyou specify Thatmeanghatwhenyou write a programusingSwingcom-
ponentsausercanexecuteyour programwithout modificationon ary kind of computer
andit will alwayslook andfeeljustlike a programwritten specificallyfor the particular
computeronwhichit is running.

Furthermore Swing componentsare saidto be lightweight becauseahey don't rely on
userinterface codethat’s native to whatever operatingsystemthey’re runningon. Con-
sequentlythey canusuallybe implementedusinglesscodethanearlier“hearyweight”
componentsequire’

Swingand AWT

Whenthe new versionof the AWT 1.1 replacedthe older version 1.0 mary 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
original designgoal,theability to write userinterfacesthatlook goodandconsistenbn all supported
platforms,atlastbecameeality.

The Swing setcontainsmorecomponentshanthe AWT andmary enhancementsiake it easier
to write moderngraphicaluserinterfaces. Swing componentsre lightweight, that meansthey do
not rely on native code. Marny of the old AWT componentare replacedby new, 100% pure Java,
versions.Examplesof old AWT componentshatarereplacedy newer, lightweightcomponentsare:

e Buttons
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e Labels
e Menus
e Textfieldsetc.

Componentshatdo not exist in the AWT andarethereforenew in the Swingsetare:

e Trees
e Tables
e Tabbed-Rnesetc.

Figure 3.6 shavs someof the new componentdrom Swing. For the programmeiit is very easyto
recogniseéhesenen componentbecausenostof theirnamesstartwith aJ andtherestof thenames
areequalto the old AWT names.For examplethe nameof a buttonin Swingis JButtonandthe old
AWT nameis only Button In spiteof the new versionsof the componentshe old componentgan
still be usedtogethemwith the new versionswithin oneapplication. The eventhandlingmechanism
is still the same.Swingcomponentgrealsomuchmoresophisticatedhantheir AWT counterparts.
Threeexamplesof why thisis trueare:

e Swingbuttonscandisplaybothtext andimages.
¢ Mostof the Swingcomponentgrovide borderghatcanbedravn.

¢ A Swingcomponentoesnothave to berectangularFor examplea buttoncouldalsoberound
ortriangular

Java Foundation Classes

The Java FoundationClassegJFC)[Gea99 area setof classlibrariesthatare usedto develop user
interfacesfor enterprise-readgpplications.As Figure 3.7 shaws is Swing a part of the JFClibrary
set. It maybealittle bit confusingthatthe Jara 2D API andthe DragandDrop API arenot part of
the Swing package.This is becauséoth APIs usenative codeto performsomeof their operations
and Swing componentsiever usenative calls becausetherwisethey would not be 100%pureJava.
As notedin [ELW9S]:

“In April of 1997,JavaSoftannouncedhe Java FoundationClassespr JFC,which su-

persedegand includes)AWT. A major part of the JFCis a new setof userinterface

componentshatis muchmorecomplete flexible, andportable. Thesenew components
arecalled“Swing.” (The JFCalsoincludesa comprehense facility for 2D graphics,
printing, and“drag-and-drog) With Swing,you candesigninterfaceswith treecompo-

nents tablestabbeddialogs,tooltips,andmary otherfeaturegshatcomputerusershave

grown accustomedo.”

As describedn the previous section,Figure 3.7 shavs that the Swing library really doesnot
replacethe AWT but sitsatoppartsof the AWT set. BesideSwingtherearethreemajor partsof the
JFC:

e Accessibility API
TheAccessibilitylibrary canbeusedto developsoftwarefor handicappegeople.For example
anapplicationcould useotherfontsandcoloursfor peoplewith vision defects.



30

CHAPTER3. GRAPHICAL USERINTERFACESWITH JAVA

Trea
3 Music
Tabbed-Pane @ |j Classical
ComhboBox ’/ DebugGraphics ’/ Internal Frame 9 gl%eéhno:f:nns
SWiﬂg! |Buttuns ’/RadiuButtuns ’/TuggleButtuns @ [ cuanets
& [ Sonatas
Toolbar @ [ Symphanies
— = & [ Brahms
(= g EX:' @ [ Mozart
@ [ Schubert

& [J.laz=

@ [ Rack
Tahle

First Hame | Last Mame | Favorite Colar | Favorite Sport | Favorite Number | Favaorite Food |

Mike Alhers Soccer 44 . B
Mark Andrews 255, 0, 0| Baseball 2 g
Tam Ball 0,0, 255|Foothall e Le] .
Alan Chung Baseball gis| (MR
Jeft Dinkins 255, 0, 255|Foothall T .
Army Fowler Hockey 3 _3
Brian Gerhaold Rughy 7 {,'H
James Gosling Tennis 1 : ;ﬂ,-.;;-:
Earl Jabinsan Bicyeling a Lg
David Kariton 255, 0, 0| Baseball 1 -
Dave Kloba Foathall 14 7
Pater Korn 100,100, 755 | Scuba Diving 12) ol 5

Figure3.6: Someof thenen component®f the Swingpackage.
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Figure3.7: Thedifferentpartsof the Java FoundationClasses.
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Figure3.8: A window usingJavalook-and-feel.

e Java 2D API
TheJava 2D APl is usedfor advanceddraving purposesThenext sectionis goingto describe
theJava 2D API in detail.

e Drag and Drop API
TheDragandDrop API providesstandardizednechanismso exchangedatabetweera devel-
opedapplicationandother native or Java, applications.

PluggableLook-and-Feel

Whatis thelook-and-feelof a graphicaluserinterface?This questioncaneasilybe answeredf user
interfacesof differentoperatingsystemsare compared.Usersof Microsoft Windows know how a
textfield, a button or ary other componentiooks 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

the userinterfaceof anapplicationunderthe UNIX operatingsystemthe componentsvill look and
behae different. Thusthe look-and-feelof a userinterfaceis how componentdook alike andhow

they behae on useractions.

Applicationsusing Swing have a pluggablelook-and-feel. An applicationusesa look-and-feel
modulethatis responsibldor the look andbehaiour of its componentsThe look-and-feelmodule
is selectedduring initialization of the applicationbut can also be exchangedduring runtime. All
Swing componentsre designedfor a pluggablelook-and-feel. The ability of the componentgo
usea pluggablelook-and-feelis only possiblebecausehey are lightweightedand have no native
counterpartlf a Swingcomponentvould rely on a natve componentt would neitherbe possibleto
changethelook of acomponenhor to changethe behaiour of it.

Thereforethe Swing componentsio not have to look like their theoreticalnative counterparts.
Thereareseverallook-and-feemodulesthatcomewith the Swing package For mostoperatingsys-
temsa native look-and-feelis available. This makes sensebecausaisersmight wantto work with
the look-and-feelthey alreadyknow. The default look-and-feelthatis usedif no otheroneis ex-
plicitely selecteds the Javalook-and-feel. The Java look-and-feels anew look-and-feeldeveloped
by SunMicrosystems.A programmercan also createcustomlook-and-feelsandthereare already
mary customlook-and-feeimodulesavailable.

Figure 3.8 is a screenshobf a window usingthe Java look-and-feel. Figure 3.9 is the same
window but the Windows look-and-feeis used.
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Figure3.9: A window usingWindows look-and-feel.

Lightweight Components

In the last few sectionsthe namelightweight componentasvery often beenusedandit hasbeen
said that lightweight componentsare an advantageof the Swing library. So what are lightweight
componentsTheexplanationis very simple.

A lightweightcomponents acomponentvrittenin 100%pureJava andit doesnotuseary natve
methoddor its operationsln contrasto a lightweightcomponenthearyweightcomponentsisena-
tive methodsandarethereforenot platform-independentin the AWT every componenhasa hative
peercomponentandthusthe functionality of an AWT componenis limited by the functionality of
the natve component.Lightweightcomponentslo not have suchlimitations. Thereforefunctional-
ity like a pluggablelook-and-feelis possible.As it is possibleto mix lightweight componentand
hearyweightcomponentsvithin oneJasa applicationthis doesnot meanary limitations.

SeperableModel Ar chitecture

The componentof the Swing library usea modified versionof the model-viav-controller design
pattern(MCV) [GHJ"95]. TheMVC architecturalividesacomponentinto threecollaboratingparts.
The partsarethe model,theview and(whata surprisehecontroller

e Model
Themodelholdsthe dataitemsthatareusedby the component.

e View
Theview is responsibléo drav thecomponenandthatthevisualisedtemsalwayscorrespond
to theitemsin themodel.

e Controller
Thecontrollerreactson interactionsof the userwith the component.

If the modelchangesit informs the view thata changeoccured. Thenthe view is responsible
to refreshthe visualisationof the component.This techniquehasthe advantage thatmorethanone
view canbeboundto onemodel.If themodelchangesthe views areautomaticallychangedtoo.

The Swing componentauusea somehw different versionof the MVC architecture. As Mark
Andrews wrotein [Andb]:
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Figure3.10: Theseparablenodeldesignof Swing.

“ClassicMVC architecturds simpleandelegant,andthe Swingteamstarteddesigning
the Swing componenset,they experimentedwith usinga pureMVC design. But they
soondiscoveredthatclassicMVC architecturadidntwork verywell in real-world Swing
application. So they wound up basingSwing architectureon a modified adaptationof
thetraditionalMVC design.To implementSwing componentsthe Swingteamcreated
amodifiedMVC design. The componentdesignthat the Swingteameventuallysettled
onis sometimeseferredto a separablenodelarchitecture.

In Swing's separablenodeldesignthemodelpartof acomponentis treatedasaseparate
elementjustasthe MVC designdoes.But Swingcollapsegheview andcontrollerparts

of eachcomponeninto a singleU! (userinterface)object. The resultis anarchitecture
thatlookslike Figure3.10.

Swingsseparablenodelarchitecturavasdevelopedbecausehe creatorsof Swingfound
thatthetraditionalMVC designdidn’t work well in practicaltermsin Swing-stylecom-
ponents.Why not? Becausehe view andcontrollerpartsof a traditionalMVC-based
componentequirea tight coupling that is sometimedifficult to achieve in practical
terms.For example traditionalMVC architecturanalkesit very hardto createa generic
controllerthatdoesnt know at designtime whatkind of view will eventuallybe usedto
displayit.”

TheUIManagerin Figure3.10is responsibléo handlethe look-and-feebf the givencomponent.

3.4 Java?2D

The Java 2D API [Knu99] [Javd] is anenhancementb the AbstractWindow Toolkit (AWT). It was
designedo improve the 2D graphicsand print capabilitiesof Jara programs. Although the AWT
providesdranving methodsthey do not really fulfil the needsof todays programmersAs the Java
2D API is anenhancemerib the AWT thedraving methodsof the AWT canstill beused.In factthe
Java 2D API is closelyintegratedwith the AWT.

TheJava 2D API providesmethoddo:

e draw lineswith differentthicknessgcolours,endcapstyles,join stylesandstrole styles.
o fill arbitraryshapewith solid colour, texturesor gradients.

e applytransformationgo objects

e performfilter operation®nimages.
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e draw text with differentfontsandstyles.

The Rendering Mechanism

The AWT drawing systemcalls the update()methodof a componento tell it thatit shoulddrav
itself. AstheJava 2D API is integratedwith the AWT, the samedrawing systemis used.In the AWT
aGraphicsobjectis usedto representhedraving contet. TheJava2D API usesa Graphics2Dobject
for this purpose.The classGraphics2Dis a subclas®f Graphics Graphics2Dcontainsmethodso
accessheenhancedraving capabilitiesof Java2D. A simplepaint() methodthatusesa Graphics2D
objectcouldlook like the following example:

public void paint(Gaphics g) {

G aphi cs2D g2D = (Graphics2D) g;

}

A programmesimpletypecastshe Graphicsobjectto Graphics2Dandhasaccesdo the advanced
Java 2D methodsyet.

ThustheGraphics2Dobjectprovidesmethodgo gainaccesso theadvanceddraving capabilities
of Java 2D. It alsoholdsa setof stateattributesthat are usedto definethe way how drawing and
renderingoperationsare performed. The setof stateattributesis calledthe Graphics2Drendering
contet. Thisrenderingcontet consistf thefollowing attributes:

e The stroke attrib ute
It is usedto definethe drawing stylesof lines. The drawing stylesthatcanbe definedarethe
line thicknessthe dashingpatternthejoin styleandtheendcaystyle.

e The paint attrib ute
This attribute defineshow shapesrefilled with solid colours,gradientsor textures.

e The compositestyle
The compositestyle canbe usedto groupsereral objectsinto oneobject.

e Thefont
This attribute representshe font thatis beingusedif text is drawvn.

e The transformation
Thisattributecanbeusedo performaffine transformationsFor exampleobjectscanberotated,
scaledandtranslated.

e The clipping path
Theclipping pathdefineswhich partsof the dravn objectsarevisible to theuser

e The rendering hints
With this attribute, the programmecanspecifypreferences thetrade-ofs betweerspeedand
quality of thedrawings, e.g.it canbespecifiedf antialiasingshouldbeusedor not.

The methodsusedto setthe attributesof the renderingstyle are part of the Graphics2Dobject.
Thenamesf thesemethodsare:

e setStoke()
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Figure3.11: The userspacecoordinatesystem.

e setRint()

e setComposite()
e setfont()

e setTansform()
e setClip()

e setRenderingHints()

As the Graphics2Dclassenhanceshe Graphicsclass,thereare somenen methodsthat canbe
usedfor drawing. Thesemethodsare:

e draw()
o fill()
e drawsString()

e drawimage()

Coordinate Systems

TheJava 2D API distinguishedbetweertwo differentcoordinatesystems:

e Userspace

¢ Devicespace

The userspaceis a logical coordinatesystem. Becauseof the userspace,which is device-
independentthe programmerdoesnot hasto write differentprogramsor methodsfor differentde-
vices. Theorigin of theuserspacecoordinatesystemis in theupperleft cornerof thedrawing areaof
acomponentThevaluesof thex-coordinatesncreasdo theright andthevaluesof they-coordinates
increasadlownwards.Figure3.11lillustratestheuserspaceandthetwo axesof this coordinatesystem.

The device spaceis a device-dependentoordinatesystem. Eachdevice hasits own coordinate
systemge.g. ascreerhasanothercoordinatesystemthana printer The mappingbetweeruserspace
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anddevice spacds doneautomaticallyduringrendering.Transformationshatareappliedto objects
arealsocomputedduringthe corversionof the coordinategrom userspaceo device space.

TheJava 2D API doesthe corversionfrom userspaceo device spaceautomatically Threelevels
of configurationinformationare usedto accomplishthis andtheselevels are encapsulateth three
classes:

e GraphicsEnvironment
This objectis usedto provide a collection of renderingdevices that can be usedby a Java
applicationon the actualplatform.
e GraphicsDevice
Eachrenderingdevice in the collectionof the GraphicsErironmentobjectis representethy a
GraphicsDeice object.
e GraphicsConfiguration
Every possibleconfiguratiorof aGraphicsDeiceis storedn aseparaté&raphicsConfiguation
object.
Drawing Shapes
With the Java 2D API virtually ary geometricshapecan be rendered. To do this the draw() and
fill) methodsof Graphics2Dare used. draw() is usedto draw lines, arcsetc. andfill() is usedto

draw filled shapes.To definethe shapeghatshouldbe renderedhe java.avt.geompackagedefines
commongraphicsprimitives. The availablegraphicsprimitivesare:

e Arc2D

e Area

e CubicCurce2D
e Dimension2D
e Ellipse2D

e GeneralRth

e Line2D

e Point2D

e QuadCure2D
e Rectangle2D
e RectangularShape

e RoundRectangle2D
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Transforming Objects

The renderingcontext of the Graphics2Dobjectcanbe modifiedin a way that a transformationis
appliedto the drawvn objects. Possiblaéransformationsretranslationsrotations,scalingandshear
ing operations. All usedtransformationsare affine transformations.An affine transformationis a
transformatiorin which straightlinesarealwaystransformednto straightlinesandparallellinesinto
parallellines. An affine transformationcansimply be performedby a matrix multiplication of the
coordinate®f anobjectwith atransformatiormatrix.

Theattribute of therenderingcontext for thetransformations aninstanceof the AffineTransform
class.Thereareseveralpossibilitiesto changehetransformattribute. Onepossibilitywould beto call
the setTansform()methodof the Graphics2Dobjectdirectly. Anotherpossibility is to concatenate
the active transformatiorwith anothertransformation.The Graphics2Dobjecthassomemethodso
directly concatenatéhe currenttransformatiorwith a newv one. Thesemethodsare:

e rotate()
e scale()
¢ shear()

e translate()

If the programmemantsto defineown AffineTransformobjects,the AffineTransformclasspro-
videsseveralmethodghatmake this easy Thefollowing methodgeturnAffineTransformobjectsthat
canbeused:

¢ getRotatelnstance()
e getScalelnstance()
e getShearlnstance()

¢ getTranslatelnstance()

Rendering Quality

The renderingquality of dravings hasa big influenceon the speedof the renderingprocess.If the
renderingquality hasto be high the renderingspeedgetsslon andthe otherway round. On a high-
performancegraphicalworkstationthis maybeno problembut usingan ordinarycomputetthe speed
may beslow. Thereforethe renderingguality canbe adjusted.

Thisis accomplishedby settingtherenderinghintsattribute of the Graphics2Dobject. Examples
of renderinghintsareantialiasing alphainterpolationanddithering. It is possiblethatnotall render
ing hints are supportedy the platform the programrunson. Thereforeit is not guaranteedby the
Java 2D API thateachrenderinghint is goingto be usedon every platform.

Therenderinghints attribute canbe setin two differentways. Eithera RenderingHintobjectis
instantiatedand passedver to the Graphics2Dobjectusingits setRenderingHints@nethod,or the
setRenderingHint(inethodof Graphics2Dcanbeused.
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3.5 Java3D

TheJava 3D API [Javb] is a three-dimensionaplatform-independergraphicdlibrary developedby
SunMicrosystemst is writtenin 100% pureJava usingobject-orientedechniquesandit draws its
ideasfrom existing graphicdibrariesandfrom new technologiesAs notedin [Javb]:

“The Java 3D API is an application programminginterface usedfor writing three-
dimensionalgraphicsapplicationsand applets. It givesthe developershigh-level con-

structsfor creatingand manipulating3D geometryandfor constructingthe structures
usedin renderingthat geometry Application developerscandescribevery large virtual

worldsusingtheseconstructsyhich provide Java 3D with enoughinformationto render
theseworldsefficiently.

Java 3D deliversJava’s “write once,run arywhere”benefitto developersof 3D graphics
applications.Java 3D is part of the JavtaMediasuite of APIs, makingit availableon a
wide rangeof platforms. It alsointegrateswell with the Internetbecausepplications
andappletswritten usingthe Java 3D API have accesdo the entiresetof Java classes.

The Java 3D API draws its ideasfrom existing graphicsAPIs andfrom new technolo-
gies.Jara3D’slow-level graphicsconstructsynthesizeéhebestideasfoundin low-level

APIs suchasDirect3D, OpenGL,QuickDrav3D, and XGL. Similarly, its higherlevel

constructsynthesizeéhebestideasfoundin severalscenegraph-basedystemsJara 3D

introducessomeconceptanot commonlyconsideredoart of the graphicsernvironment,
suchas3D spatialsound.Java 3D’s soundcapabilitieshelpto provide amoreimmersve
experiencefor theuser”’

TheJava 3D APl wasdesignedo provide a sophisticate@dasyto usethree-dimensionajraphics
library to the programmersndto deliver the highestievel of performanceo applicationusers.Since
the renderingof three-dimensionasceneds a complex operation,poor implementationor design
of the graphicslibrary leadsto slow runtime behaiour of developedapplications. Therefore high
performancevasalwaysthe main designgoal of the Java 3D API developers. The mostimportant
Java 3D goalsareto:

¢ deliverthe highestlevel of performanceo applicationusers.
e provide arich setof featuredor creatinginteresting3D worldsto the programmers.

e provide ahigh-level object-orientegorogrammingparadigmthatenablesieveloperso develop
sophisticate@pplications.

The SceneGraph Programming Model

The developersof the Jara 3D API developeda scenegraph-basegrogrammingmodel which is

simpleto useandflexible enoughto build comple three-dimensionadcenes An adwantageof this
programmingmnodelis thatthe programmercanconcentrat®n the objectsin the sceneandthecom-
bination of theseobjectsinsteadof thinking abouttriangleswhich build the objectsin the sceneor

aboutrenderingcodefor displayingthe scene.The graphicselementsn the sceneare separatab-
jectsand canbe manipulatedby the predefinedaccessgrmutator and node-linkingmethods. The
separat®bjectsareconnectedogethetlin atreelike sructurecalledthe scenggraph.The scenegraph
is adescriptionof theentiresceneandstoresall graphicalelementghatarewithin thegivenscenelt

is build by the applicationduring runtime. In Java 3D the entirescends calledthe virtual universe.
Every virtual universehasits own scenegraph. The sceneggraphcontainsthe necessarynformation
to renderthe givenscendrom ary particularpoint of view (seeFigure3.12).
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Figure3.12: An exampleof ascenggraph.

The Rendering Modes

TheJara3D API providesthreedifferentmodego renderthegivenvirtual universe:immediatemode,
retainedmode,and compiled-retaineanode. The differencebetweenthesemodesis the possibility
to optimisethe executionof the renderingof the actualscene.Eachsuccessie modeprovidesmore
freedomfor optimisations Thethreemodesarein moredetail:

e Immediate Mode
Immediatemode providesthe lowestlevel for optimisations. The applicationdoesnot build
a scenegraphbut providesa Java 3D drav methodwith all points,lines, andtriangleswhich
shouldbedisplayedn theselectedcene Thesegraphicalobjectsarethenrenderedy the Java
3D renderer

e RetainedMode
Within retainedmodethe applicationhasto build a scenegraphwhich describeshe complete
scene.To optimisetheexecutionof therenderingheapplicationhasto specifywhich elements
of thescenemay changeduringruntime.

e Compiled-RetainedMode
Compiled-retaineanodeprovidesthe highestlevel for optimisationsat the scenegraphlevel.
Likeretainednode theapplicationhasto build ascenegraphandhasto specifywhichelements
of thescenanaychange.To optimisethe executionof the renderingprocessomepartsof the
scenggraphcanbecompiledinto aJava 3D internalformat.
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Figure3.13: Thebindingbetweeranapplicationwrittenin Java andthe OpenGLgraphicdibrary.

3.6 Javaand OpenGL

OpenGL[NDW93] [Op¢d], introducedin 1992,is the mostwidely adaptedyraphicdlibrary for deve-
loping interactve, portabletwo-dimensionahndthree-dimensionajraphicsapplications.The high-
quality, high-performancegraphicalcapabilitiesof OpenGLprovidesa broadsetof rendering,tex-
ture mapping,and other powerful visualisationfunctions. OpenGLhasbeenportedto all popular
platformsandenableslevelopersto develop portablegraphicalapplications.

SinceJavabecamea popularprogrammindanguagebindingsbetweertheplatform-independent
Java programminganguageandthe platform-depender®penGLlibrary emeged. An exampleof
sucha binding betweenJava andOpenGLis Jogl[Jog. OpenGLbindingsfor Java try to provide a
completesetof Java bindingsto the OpenGLgraphicslibrary. As Figure 3.13 shaws forwardsthe
OpenGLfor Java binding the graphicalmethodsfrom the Java applicationto natve methodsof the
OpenGLgraphicdibrary.



Chapter 4

Information Pyramids

4.1 Intr oduction

The visualisationof informationis an importantpart of the field of humancomputerinteraction.
Moderncomputersystemsave to dealwith hugeamountsof informationandthis informationmust
somehw be visualised. The humanbrain is not capableof storing large amountsof information
in its shortterm memory[Mil56]. Thereforethe designersf userinterfaceshave to find waysto
visualiseinformationsothatthe usercandealwith it. As hierarchiesarevery oftenusedto structure
information,theintuitive visualisationof hierarchiess averyimportantquestionn humancomputer
interaction. Chapter2 gave a brief introductionto someof the numeroustechniquego visualise
hierarchies.As it is easyto visualisesmall, compacthierarchiesmostof the describedechniques
considerthe questionof visualisingvery large hierarchies Althoughthereareexisting techniquego
visualiselarge hierarchiesit is interestingthateventodayatreerepresentatiois mostoftenused.

InformationPyramidsasdescribedn [AWP97][Wol98], area new approactor visualisingand
manipulatingvery large hierarchies.The main designgoal of the Information Pyramidstechnique
wasto provide a simpleandintuitive methodto dealwith large hierarchiesHierarchiesaredisplayed
as pyramidical buildings in a three-dimensionalandscapgseeFigure 4.1). As mentionedearlier
small hierarchiesare easyto visualise. Information Pyramidswere designedo efficiently visualise
even very large hierarchies. Hierarchicalinformation structurescontaintwo kinds of information.
Firstthereis the contentinformationthatis associateavith eachnode.Secondhereis the structural
informationthatis associatedvith the hierarchy Information Pyramidsare capableof visualising
both the contentinformation aswell asthe structuralinformation. In orderto efficiently usethe
visualisationof a hierarchyit is necessaryhat a usercanfocuson different partsof the hierarchy
While doingthis, the global context mustnot belost. The InformationPyramidstechniqueprovides
mechanismso focuson particularpartsof the hierarchywithout losingthe global context.

InformationPyramidshave somesimilaritiesto the File SystemNavigatorandthe Tree-Mapgle-
scribedin Chapter2. Like theFile SystemNavigator, InformationPyramidsuseathree-dimensional
landscapdo visualisea hierarchy The advantagds thatthereis betterusageof thethird dimension.
Unlike the File SystemNavigator, which displaysonly contentinformationasthree-dimensionadb-
jects,Information Pyramidsvisualisethe contentinformationandthe structuralinformationin three
dimensions.The similarity to Tree-Mapsds thatthe available displayspacefor childrendependon
the positionandsizeof their parent(seeFigure4.2). Childrenarenot visualisedwithin theboundary
of their parentshut on top of them.

Information Pyramidsusethe three-dimensionapaceto displaya hierarchy Thereareseveral
reasonsvhy 3D graphicswerechosen.Onereasornwasthat, comparedo two-dimensionavisuali-
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Figure4.1: Themainwindow of the 3D Explorerapplication.
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sationsthe usageof the availabledisplayspacds muchbetter As the hierarchycanbedisplayedas
awholethe usergetsa betteroverview of the structureof the hierarchy Anotheradvantageis thatit
is easietto displaynotonly the hierarchybut alsoothertype of contentinformation,e.g.thesizeof a
file on aharddisk. Three-dimensionalisualisationsaremoreintuitive for the useranddo not seem
to beasabstrachssometwo-dimensionabpproaches.

The remainingpart of this chapteris going to describethe Information Pyramidstechniquein
moredetail. The examplehierarchiesaredirectorytreesof a harddisk.

4.2 The Pyramid

The Information Pyramidstechniquecan be usedto drawv hierarchiesas pyramidical objects. The
main adwantageis thatevenvery large hierarchiexanbe compactlyvisualisedasalandscapeThis
sectiondescribeghe layout of the differentnodeswithin the pyramid. The namelnformationPyra-
mids comedrom the overall visualimpressiorof thevisualisationwhich is thatof a pyramid.

Theroot of the hierarchyis positionedat the bottomof the pyramid. Descendinghe hierarchy
causeghe pyramidto grow upwards. Theroot nodeis representethy a square-shapeplateau.The
childrenof the root nodeare positionedatop of this plateau. If a child is aninner node(an empty
directoryof afile systemis alsoaninnernode!),it is alsorepresentedsa plateau.Leaf nodesare
representetby smallerthree-dimensionabbjects. Thereforeleaf nodescan easily be distinguished
from inner nodes. This supportsthe userto gain a betterovervien of the hierarchyandto find
informationfaster Inner nodesare placedstartingfrom the top left cornerof their parents plateau
while leaf nodesarearrangedat the bottomleft cornerof it. Startingattheroot nodeandgoingdown
the hierarchythe samédayoutmethodis usedrecursvely.

Thesizeof thebaseplateaus thesaméor all hierarchiesThatmeanst is independentf thesize
of thehierarchy As only the heightof thepyramidgrows, thetotal sizeof it depend®nthenumberof
levelsin thehierarchyonly. With thistechniqueawo hierarchiedaving the samenumberof levelsbut
a completelydifferentnumberof nodeshave approximatelythe samesizein the three-dimensional
space.

Goingdown the hierarchythe representationsf the nodesbecomesmallerandsmaller Thesize
of childrenrelative to the size of their parentsis more or lessalwaysthe same. As the numberof
childrenis not the samefor all nodes,the real size of a nodeis calculatedsuchthat the resulting
visualisationis visually appealing.As nodesbecomesmallerif they aredeeperin the hierarchy a
zoomingmechanisms provided.

Thereare mary possibilitiesfor arrangingthe children of a nodeatop their baseplateau. The
orderof theirarrangementanbeusedto visualisesomeotherpropertiesof theirinformationcontent.
For example,the childrencould be sortedandthe arrangementould visualisethis sorting. Another
possibilityto visualisemoreinformationthanonly the hierarchyis to usedifferentcoloursandsizes
of the nodes.Differentcolourscould visualisedifferenttypesof information. A nodethathasmore
informationcontentthananothemodecouldbevisualisedarger More informationcontentcouldfor
examplemeanthata nodehasmorechildrenthananothemode. Therearetwo adwantagesf a node
with moreinformation contentis visualisedlarger thana nodewith lessone. First the usereasily
recogniseghe differentsizesand secondthereis more spaceavailable to displaythe childrenof a
largernode.
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4.3 Visualisation of an Inner Node

Theroot nodeandevery innernodeof a hierarchyis representedy a square-shapeplateau.Inner
nodesarepositionedatopthe plateauof their parentsstartingfrom thetop left cornerof the plateau.
The areaon thetop of a plateauwhich is availablefor the placemenbf innernodechildrendepends
on the numberof childrenthatareleaf nodes.If thereexist innernodesthe maximumareawhichis
availablefor leaf nodesis the bottomhalf of the completearea.If the leaf nodesdo notfill this half
areacompletelytheremainingpartis alsoavailablefor the placemenbf innernodes.Thatmeanghe
available areafor inner nodesis the completetop areaof the plateauof their parentminusthe area
availablefor leaf nodesthataretheir siblings.

Theareawhichis availablefor the placemenbf innernodesmustbedividedin areasonablevay
to containall innernodechildren. It is not necessarilysefulto representll thosenodesby equally
sizedplateausThesizeof aplateaucanbe usedto visualisemoreinformationthanjust the structure
of thehierarchy If plateauswith differentsizesshouldbe used every nodehasto beassignedivalue
thatrepresentgs size. Theavailableinformationwhich couldbeusedfor this purposes for example:

e thenumberof children,
¢ thenumberof all leaf nodesof a subhierarchy

e orthesizeof adirectoryif adirectorytreeis visualised.

Thereare someadwantagesf different sizesare usedfor the plateaus. The usergetsa better
overview of the structureof the completehierarchyif different sizesare used. The partsof the
hierarchythatcontainmoreinformationarevisualisedargerthanthosewhereonly someinformation
canbefound. It is thereforeeasierfor the userto find information. Of course,it is only possibleto
comparethe absolutesizesof siblingsbecausehe sizeof a plateauis calculatedocally anddepends
onthesizeof its baseplateau lt is notguaranteedhatthosepartsof thehierarchycontaintheneeded
informationbut thereis anotheradvantageof this approach.The morenodesarewithin onepartof
the hierarchythe morespaces neededo drav them. If equallysizedplateausvould be useda node
with just onechild would have the samesizeasa nodewith mary children. Onedesigngoal of the
InformationPyramidswvasto maximisetheusageof theavailabledisplayspace Differentsizesmake
this possible.

To lay out the plateaudifferentalgorithmscanbe used. The available areafor the childrenof a
nodeis eitherasquarejf no childrenof anodeareleaf nodesor arectangle The problemof placing
the square-shapeplateausinto a rectangulamareais non-trvial. The layout of the plateauscanbe
usedto visualisesomekind of sortingof the children. A layoutalgorithmshouldfulfil thefollowing
criteria:

e Asevenverylargehierarchieshouldbevisualisedheperformancef thealgorithmshouldbe
sufficient enoughto lay outthe hierarchiesn areasonabléime.

¢ Theavailabledisplayspaceshouldbe usedasoptimalaspossible.

¢ Thelayoutof the plateaushouldhelptheuserto find informationfaster

4.4 Visualisation of a Leaf Node

All the leaf nodesof the hierarchyare visualisedas small objects. The screenshot this chapter
shav the leaf nodesassmall squarepedestaldut othervisualisationsarealsopossible. The reason
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why leaf nodeshave anothervisual appearancéhaninner nodesis thata usercaneasilydistinguish
them.

Thesizeof aleaf nodeis calculatedrelative to the size of its parent.Inner nodesarevisualised
assquare-shapeplateaus.The sizeof a plateaudepend®n its positionin the hierarchy The deeper
aninner nodeis in the hierarchythe smalleris its visual representation.The sameis true for leaf
nodes.The sizeof aleaf nodeis alwayscalculatedn away thatit still canbe recognisedndit still
looksgoodrelative to the sizeof its baseplateau.The spacebetweentwo neighbouringeafnodesis
selectedn away thatthey caneasilybe distinguished.

If thereare no siblings that are inner nodesthe whole top areaof the plateaucan be usedto
arrangethe leaf nodes.If thereexists at leastonesibling thatis aninner nodeonly half of this area
is goingto be used.The numberof leaf nodesiblingsis notknown in advance.Therefore their size
hasto be calculatedn away thatall of themcanbe positionedn theavailablearea.Therearemary
possibilitiesto arrangethe leaf nodesin the available area. The simplestway is to arrangethein a
matrix. Anotherpossibilitywould beto sorttheleaf nodesandarrangghemin rows andcolumns.

The representatiof the leaf nodescanbe usedto visualisedifferent attributesof them. This
shouldhelp the userto find informationandto get a betterovervien of the hierarchyduring navi-
gation. The differentattributesof the leaf nodesthat canbe displayeddependon the contentof the
visualisedhierarchy Figure4.3 shavs a screenshodf a pyramidthatusescolourcodingto visualise
differentfile types.Attributesof the smallobjectsthatcouldbeusedto visualiseattributesof theleaf
nodesare:

e Thecolour
e Theheightor absolutesize

e Usageof aniconinsteadof asimpleobject

4.5 Navigation

Not only the visual presentatioris important, but alsothe navigation and exploration of an infor-
mationhierarchyis very important. The compacthree-dimensionalisualisationof the Information
Pyramidstechniqueenablesthe designerof a userinterfaceto provide mary different navigation
methods Figure4.4 shavs the screenshabf a pyramidwherethe userzoomednto thevisualisation.
As JosefWolte notedin [Wol98]:

“The main purposeof a visualisationis to facilitatethe explorationof information. Vi-
sualisationghereforehave to provide navigationaltools. The 3D landscapef the In-
formation Pyramidsis very flexible, so mary differentnavigation methodscanbe im-
plemented.However, theinput devicesof an averagePC are not designedor usewith
three-dimensionahterface. So greatefforts have to be madeto designa userinterface
for the3D visualisationwhich canbeeasilyusedwith themouseandkeyboard.Possible
navigationaidsinclude:

e A navigation modeto move freely through3D space. Sucha navigation mode
ensureghe usergainsanovervien over the hierarchicstructure.

e The usershouldbe able to easily navigate to the interestinginformation. This
meansproviding mechanisms$o move easilyto child nodesor to the parentnode,
sotheusernavigatesrapidly to thedesiredevel of the hierarchy
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e Specialviews of the landscapesuchasa top view shouldbe reachableguickly. A
top view displaysthe groundplan of a plateau.This shouldnot only work for the
root plateau put alsofor every otherplateau.

e Oftenusedviews of the hierarchyshouldbe reachedvithout muchnavigation. A
simplemouseclick or akey shortcutshouldbe enoughto move to suchviewpoints
of the hierarchy Also, facilities to defineandmanagesuchviewpoints shouldbe
provided.

e SearcHunctionalitycanbeusedto navigatequickly throughtheinformationspace.
Thesearchresultscould be highlightedandsomeeasyto usefacility shouldmove
theuserbetweertheseobjects.

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

During navigationthe motionfrom onepositionto anothershouldbe smoothlyanimated As the
userbuilds contextual informationduring navigation simply switchingfrom one positionto another
would distractthe user It is even possiblethat the userloosesthe global context completelyand
hasto startexploring the information spaceagain. It would also prevent the userfrom getting a
goodoverview of the whole hierarchy The speedof the animationshasto be consideredtoo. If
the animationis too fastit hasthe samenegative effect thansimply switchingfrom onepositionto
another If it is too slow it is annging to the userand preventscontinuouswork. A suggestiorof
humancomputelinterfaceresearchs thatananimationshouldtake aboutonesecondRCM93].

It isimportantthatthe useris ableto recogniséhierarchieor partsof hierarchiesvenif notseen
for alongtime. If the visualisationsverenot consistenbver time, it would be impossibleto getan
overview of the hierarchicalstructure. This doesnot meanthat differentmethodsto lay out or sort
nodesshouldnotbeimplementedlt is eveneasieffor theuserto find specificinformationif different
layoutandsortingpossibilitiesareprovided.

It is not alwaysusefulto displaythe hierarchyasa whole, but sometimegpreferabldet the user
decidewhich partsof the hierarchyshouldbe displayed.The userinterfaceshouldthereforeprovide
navigationalaidsto expandor collapsedifferentpartsof the hierarchy If the userexpandsa subtree
of thehierarchyonly severallevelsshouldbeexpandedandnotthewholesubtree This helpstheuser
to understandvhathappene@ndto getabetterfeeling for the structureof the hierarchy

Sometimesheuserfindsaspecificpartof thehierarchyanddecidegshatonly this partis of further
interest.Thusa pruningmechanisnshouldbe provided. The selectedlateadis goingto bethe new
baseplateauof the visualisation.Only its childrenaredisplayedandall otherpartsof the hierarchy
disappear

4.6 3D Explorer

The 3D Explorer[Wol98] wasthe first applicationto implementinformation Pyramids. It is com-
pletely written in Java but it usesOpenGL,a platform-dependergraphicslibrary. The intentionof
the developersof the 3D Explorerwasto develop anapplicationthatcanbe usedasa “proof of con-
cept” for the InformationPyramidstechnique As the 3D Explorerhasbeendevelopedin a periodof
time wherenot all of the possibilitiesof the InformationPyramidstechniquewvereknown, not all of
themwereimplementedNeverthelessnary very interestingexperimentafeaturesandoptionshave
beenimplemented.The applicationhasbeenusedfor usabilitytestingpurposesandmary important
featuresf the InformationPyramidshave beenfound.
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The 3D Exploreris a visual explorationtool for file systems. This hasthe adwantagethat not
mary prerequisiteshave to be fulfilled to run the program. The mostimportantfeaturesthat have
beenimplementedare:

e Theusercanselectbetweendifferenttypesof layoutalgorithms. Thereexists a layout algo-
rithm to lay out equally-sizedplateausand anotheroneto lay out plateaughat have different
sizes.Thelayoutalgorithmstry to maximisethe usageof the availabledisplayspace.

e Thevisualrepresentationef the files display someattributesof them. The colour is usedto
visualisethetypeof thefile andtheheightis proportionalto its size.

e Theusercanselectbetweerdifferenttypesof sortingmethoddor thefiles anddirectories.
e Therearesophisticatedacilitiesto enablea simplenavigationthroughthevisualisedandscape.

e Greatefforts have beenmadeto find valuesandalgorithmsto calculateheabsolutesizesof the
plateausthatrepresentheinnernodes andsmallobjects thatrepresentheleaf nodes.

e Theobject-orientedhpproactof the applicationmakesit easyto develop furtherversionsthat
visualisehierarchiesotherthanafile system.

4.7 3D Explorer for VRML

The3D Explorerfor VRML ! wasthe secondapplicationthatimplementedhe InformationPyramids
technique.The programminganguagethat hasbeenusedwas Java. The main differencebetween
the 3D Explorerandthe 3D Explorerfor VRML is thatthe versionfor VRML doesnotuseOpenGL.
InsteadaVRML browseris usedo visualisethelnformationPyramids A standardizegrogramming
interface, the External Authoring Interface (EAI), is usedfor the communicationbetweenthe 3D
Explorer for Java applicationandthe VRML browser (seeFigure 4.6). The applicationproduces
VRML scenggraphgCB97] which aretransportedhroughthe EAI to the VRML browserfor display
(seeFigure4.5).

All userinteractionis handledby eventlistenerswrittenin Java. Theeventlistenersareinformed
by the VRML browserof useractvities. Thenthe eventlistenersreactto the userinteractionand
producenew scenegraphsor partsof themto sendto the VRML browserover the EAI. Thusthe
possibilitiesto reacton userinteractiondependon the implementatiorof the usedVRML browset
This approachhasthe disadwantagethat the visualisationand interactionwith the usercannotbe
implementedrery flexibly. By usingagraphicdibrary, suchasJava 2D or Java 3D, it is possibleboth
to write applicationsthat producemore sophisticatedvisualisationsandto make the userinterface
morecorvenientfor theuser

WRML standsfor Virtual RealityModelling Language
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Chapter 5

The Java Pyramids Explorer

5.1 Intr oduction

The InformationPyramidstechniqueseemgo be a goodsolutionto visualisehierarchiesEvenvery

large hierarchieswith thousand®f nodescanbe visualisedcompactlyandmanageabléor the user

Thefirst applicationghatusedthe InformationPyramidstechniquenerethe 3D Explorerandthe 3D

Explorerfor VRML. They have beendevelopedto be usedasa proof of conceptfor this technique.
In spiteof the advantagef the InformationPyramidstechnigue theseapplicationshave still some
disadwantagesThemainproblemsare:

e Thevisualisationgivesa goodoverviev of the hierarchicalstructurebut it is still not easyto
find informationfastandefficiently.

e Most usersare not really familiar with navigation throughthree-dimensiondlndscapesin
spiteof the navigationalaids,they oftenloosethe globalcontext of their currentposition. This
meansalsothatit takeslongerto getanovervien of thewholehierarchy

e Thereis still no goodsolutionon how to displaytextual informationwithin the visualisation
of the hierarchy Using differentarrangementssizes,shapesand coloursmary attributes of
the hierarchicalinformationcanbe displayed.Neverthelessto find information,a textual de-
scriptionof the nodesis importantto the user The compactvisualisationof the Information
Pyramidsmakesit impossibleto displaya textual descriptionof every nodeof the hierarchy

e The 3D Explorerand3D Explorerfor VRML weredevelopedusingJava but theirimplemen-
tationsare not 100% pure Java. 3D ExplorerusesOpnGL andthe 3D Explorerfor VRML
assumeshe availability of a VRML browser As 100% pure Java graphicslibraries exist, it
seemsnoreportableto developapplicationsusingthesdibraries.

The main purposebehindthe Java PyramidsExplorerwasto find solutionsfor theseproblems.
The Java PyramidsExplorer (JPE)is an applicationwhich visualisesthe hierarchicalstructureof a
file system.It wasdevelopedusing100% pure Java andthe techniquesiescribedn Chapter3. The
Java DevelopmentKit usedis the JDK 1.2, alsocalledJava 2. The Swing packageandthe Java 2D
API arealreadyincludedin this versionof the DevelopmentKit. In orderto visualisehierarchieghe
Information Pyramidstechniques usedin combinationwith traditionalapproache$ike atreeanda
list. The directoriesof the file systemarevisualisedthroughthe Information Pyramidandthe tree.
Thefiles containedn the selectedlirectoryaredisplayedn thelist.

Thedecisionwhich visualisationis usedfor navigation depend®nthe useronly. The navigation
within onevisualisatiormethodaffectsthe otherviews, too. Thethreeviews aresynchronisedall the
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time. Thereareseveralreasonsvhy the usageof InformationPyramidsogethemwith atreeandalist
areanadwantageto theuser including:

e Usersare familiar with working with treesand lists. Thusthe usercan decideto navigate
throughthe hierarchyby usingtheseviews but hasalsoall the advantagef the visualisation
of an InformationPyramid. If it is neededthereis alwaysthe possibility to switch between
navigationmethods.

o A textual descriptionof the nodesis visible in thetreeandthelist. Thusit is easierandfaster
to find the desirednformation.

e The Information Pyramiddoesnot display the files of the file systembut only the directory
tree. Thereforethereis more spaceavailable to display the hierarchicalstructure. To find
files it is essentiato seetheir names.As it is not possibleto drav the namesof thefiles in
the Information Pyramid,the files arenot dravn at all. Instead,a simplelist is usedfor this
purpoself auserselectsadirectoryin thelnformationPyramidor thetree,thelist displaysthe
files containedn it.

InformationPyramidsareathree-dimensionalisualisatiortechnique . The JPEdoesnot produce
afull three-dimensiondiut asimulatedhree-dimensionalisualisatiorof thepyramids.Not all sides
of the pyramid aredravn andthe usercannotseethe pyramidfrom belowv. Therefore this simulated
three-dimensionalisualisationalsolimits the navigationalpossibilitiesfor theuser This seemgo be
adisadwantagebut the purposds thatthe navigationcanbe simplified. It is harderto getlostin space
andto loosethe globalcontet of the currentpositionin thelandscape.

The JPE usesthe Java 2D API to display the pyramids. There are two reasonswhy a two-
dimensionagraphicdibrary hasbeenusednsteadf athree-dimensionaine.First,theJPEproduces
only a simulatedthree-dimensionabisualisationof the pyramid and even with a two-dimensional
graphicdibrary this caneasilybe accomplishedSecondthe Java 2D APl is alreadypartof the JIDK
1.2 andthereforeno otherpackagds neededo runtheapplication.

5.2 The UserInterface of the Application

The userinterface of the JPEwas designedo fulfil the needsof modernapplications. To give the
usereasyaccesgo the functionality of the applicationa menubarandatool barareused. The user
interface containsthreedifferent views to visualisethe hierarchicalinformation. Furthermoreone
panelis usedto displayadditionalattributesof selectechodes.Figure5.1 displaysthe differentparts
of theapplicationwindow. The purposeof eachpartof thevisualisationis:

e The Information Pyramid
Onepanelis usedto visualisethe directorytree of the selectedile systemasan Information
Pyramid.Only thedirectoriesaredisplayedandnot the directoriesandthefiles asawhole.

e The TreeView
Thetreeview visualiseghe samedirectorytreeasthe InformationPyramid. Thefiles arenot
displayedn thetreeview either

e The Childr enList
Both the InformationPyramidandthetreeview do notdisplaythefiles of thefile system.This
is thereasonwhy thelist is used.It displaysall childrenof aselectedlirectory
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Figure5.1: Themainwindow of the JPEapplication.
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Thepropertiegpanelis usedto displayadditionalinformationsuchastheabsolutepathandthe

sizeof selectechodes.

Thenext sectiongdescribehesefour panelsn moredetail.

5.3 The Information Pyramid

ThelnformationPyramidview (seeFigure5.2)visualiseghedirectorytreeof theselectedile system.
This view visualisesonly thedirectoriesanddoesnot displaythefiles, sothatmorespaces available
to displaythehierarchicaktructureof thefile system.To displaythegraphicsof thisview the Java2D
graphicdibrary is used.Thevisualisations a simulatecthree-dimensionahodelof the Information
Pyramid.Thusthe pyramid cannotbe viewedfrom belav. This visualisationtechniquesimplifiesthe
navigationthroughthelandscapédor the user

To helptheuserin exploring the hierarchyandfinding information someattributesof the pyra-
mid canbe adjusted. Thereare differentwaysto sort the directoriesbeforethey arearrangedand

displayed.Theusercanselectbetweerthefollowing sortingalgorithms:

e Sort by Name

Thedirectoriesaresortedby the nameof their path.

e Sort by Size
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Figure5.2: The pyramidview usingthe InformationPyramidstechnique.

Thesizeof adirectoryis thetotal numberof bytesoccupiedby its children. The childrenof a
directoryarethefiles andthe subdirectoriegontainedwithin it (recursvely).

e Sort by Number of Childr en
Thenumberof childrenof adirectoryarethetotal numberof files plusthe numberof children
of thesubdirectoriegrecursvely).

Theusercandecideif the directoriesshouldbein ascendingr descendingrder The sizeandthe
numberof childrenareonly estimatedralues.Thealgorithmto computethesevaluestypically looks
afew levelsinto thehierarchybut notall levels. Thereasorfor this estimations to gainperformance,
becausdf averylargedirectorytreehasto bevisualisedthe computatiorof the correctvaluescould
take too long. The numberof levels canbe definedby the user the default valuebeing?2 levels.

Anotheradjustableattribute of the visualisationis the layout of the plateausn the pyramid. The
object-orienteddesignof the JPEapplicationmalesit easyto develop differentlayout algorithms
andto usethemfor the arrangementf the directories.By default, the JPEhastwo differentlayout
managersvhich canbeused:

e Box Layout
The Box Layout layout managerdisplaysthe directoriesusing equally-sizedplateaus. The
plateausarearrangedn rows andcolumnsandthe orderin which they aredravn dependn
the usedsortingmethod. The arrangemendf the directoriesstartsin the upperleft cornerof
thecorrespondindpaseplateau.

e SizeSorted Layout
Thislayoutmanagecomputeslifferentsizesfor theplateaus Thearrangemenof the plateaus
dependsn the sortingalgorithmused. The Size SortedLayoutis describedn moredetailin
Chapter6.
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Figure5.3: The pyramidview displaysthe namesof someof thedravn directories.

During explorationit is importantto display a textual descriptionof the nodes. Thereforethe
namesof the directoriescan be displayedif needed(seeFigure 5.3). In the visualisationof the
pyramid,thereis too little spaceavailableto draw the namesof all visible nodes.Thusonly atextual
descriptionof somenodes,thoseseeminglyimportant,are displayed. Of course,it is not easyto
decidewhichnodesareimportantatthe moment.Thereforethe namesf the selectedhode,its parent
andtwo of its siblingsaredravn. This seemdo be a good compromise.Which siblingsaretaken
dependwn the selectedhodeand the usedsorting algorithm. If the selectedhodeis the first one
comparedo the sortingorder the next two siblingsaretaken. If it is the lastone, the two nodes
beforeit aretaken. Otherwiseonenodebeforeit andonenodeatfterit is taken.

5.4 The TreeView

Thetreeview (seeFigure5.4) visualiseghe samehierarchicalstructureasthe Information Pyramid
view. The graphicalcomponenusedfor thetreeis the JTreeclassof the Swing package.The tree
view andthe pyramid view are synchronisean userinteraction. If a subdirectoryof the hierarchy
is expandedor collapsedin oneview it is reflectedin both the treeview andthe pyramid view. A
selectionof a nodeleadsto a selectionin bothviews, too.

Therearetwo mainreasonsvhy thetreeview is usedin the JPEapplication. Firstly, usersare
familiarwith workingwith suchoutlinevisualisation®f hierarchieslf auserdoesnotwantto usethe
navigationalfacilities of the pyramidit is still possibleto usethetreeview for navigation. Secondly
thetextual descriptiorof thenodesaredisplayedn thetreeview. It is not possibleto displayall these
namesn the pyramidview but in thetreeview it is possible.
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Figure5.4: Thetreeview.

5.5 The Childr enList

If auserselectsaadirectoryin thepyramidview or thetreeview the childrenlist displaysits children.
Sincebothpyramidandtreeviews do notdisplaythefiles of adirectory thisis the only possibilityfor
theuserto find files. As Figure5.5 shawvs, boththe subdirectoriesindthefiles of a selectedlirectory
aredisplayed.To beableto distinguishthe subdirectoriegrom thefiles, aniconis dravn in front of
thenameof adirectory

Theclassthatis usedfor thelist components the JList classof the Swing package Thelist can
be usedfor navigation throughthe hierarchy too. If a subdirectoryis openedn the childrenlist, it
is alsoopenedn the pyramid view andthe treeview. Thefilesin thelist canbe sortedin different
ways,eitherascendingr descendingThe differentsortingmethodghatcanbeusedare:

e Sortby Name

e Sorthy Size

The Filter field of the childrenlist canbe usedto apply a filter for the files in the childrenlist.
Theusercanusethe* wildcardto apply usefulfilters. Possiblfilters are:

fil enane display only files that exactly match "fil enane"
*filename display all files that end with "fil enane"

fil enane* display all files that start with "fil enane"
*filename* display all files that contain the word "fil enane”

5.6 The PropertiesPanel

Thepropertiepanel(seeFigure5.6) displayssereral attributesof a selectedlirectory Theattributes
thataredisplayedn the currentversionof the JPEare:

e Name
The Namefield displaysthe absolutepathof the selectedlirectory
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Figure5.6: The propertieganel.

e Size
The Sizefield displaysthe sizeof the selectedlirectory

e Children
The Childrenfield displaysthe numberof childrenof the selectedirectory

5.7 Navigation

As the JPEapplicationprovides threedifferent views of the hierarchicallystructuredinformation,
there are numerousways to explore the information space. As most usersare not familiar with
working with three-dimensiondndscapesthe treeview andthe childrenlist canbe usedlike an
ordinarytree-basedile systembrowser e.g. like the Windows Explorer to explore the hierarchy
Neverthelessthe navigationalpossibilitiesof JPEgo far beyondthe possibilitiesof anordinarytree-
basedorovser

Thepyramidview of the JPEapplicationprovidesthe mostimportantnavigationalfacilitiesto the
user The simulatedthree-dimensionalisualisationof the pyramid makesit easierto provide simple
navigationalaidsto explorethethree-dimensiondandscapéhana completethree-dimensionaine.
Theusercannotmove throughthelandscapeasfreely asin the 3D-ExplorerapplicationsInsteadthe
usercanchangethe viewpoint within the visualisationby usingthe threeslidersthat arepositioned
at threesidesof the pyramid view panel. Thesethreesliderscanbe usedto rotatethe axes of the
pyramid andto zoominto the visualisation.Figure5.7 shavs the axes of the sceneryandlabelsthe
threesliders.Theslideratthe bottomof the panelis usedto rotatethe sceneryaroundits Z-axis. The
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sliderto theright of the panelrotateshe sceneryaroundits X-axis andthe oneatthetop of the panel
canbeusedto zoomto a selectechode.Thescenerycanberotatedaroundthe X-axis andthe Z-axis
betweerD and90 dggrees.

Theuseralsohasthe possibilityto selectoetweerthreepredefinedsiewpoints. Thesethreeview-
pointsrotatethe axesof the scenenyto valuesthatseemo be usefulasstartingpointsfor exploration.
The predefinedriewpointsare:

e TopView
The view from above the pyramid looking dovnwardscanbe usedto getan overview of the
differentsizesof partsof the hierarchy

e Front View
This view is usefulif auserwantsto know how deepdifferentpartsof thevisualisationare.

e 3D View
The3D View givesagoodovervien of thewholevisualisedandscape.

Figure5.8, Figure5.9 andFigure5.10shav thesethreedifferentviewpointsfor onescenery To be
moreflexible, a userdefinedviewpoint canbe selectedtoo. The valuesof the rotationanglesare
storedandcanberecalledevenif the userclosesthe applicationandstartsit again.

Thepyramidview alsoprovidesmethodgo selectnodesandto hideor openpartsof thehierarchy
The usercanselecta directoryby clicking on it with the mouse. A white wireframebox is dravn
arounda selectedplateau.A selectedirectorycanbe expandedor collapsedby clicking on it with



5.7. NAVIGATION

AProgrammetjd k1.2

Figure5.8: Thetop view.

AProgrammetjd k1.2

Figure5.9: Thefront view.

61



62 CHAPTERS5. THE JAVA PYRAMIDS EXPLORER

AProgrammetjd k1.2
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themouse.lf thedirectorywasalreadyexpandedit is collapsedandits childrenarenolongerdravn
until it is expandedagain. If the userexpandsa node,not only onelevel of childrenis openedbut
typically severallevels. The numberof levels expandedcanbe definedby theuser

Thereis alsothe possibility to selectthe parentof the currentlyselecteddirectory This naviga-
tional aid helpsthe userto go deepinto the hierarchyandto go backagain,level by level, if needed.
Therearetwo morenavigationalfacilitiesthatshouldbe mentioned Firstly, thereis the possibilityto
expandall nodeghataredeepeiin the hierarchythana selectechode. Thisfacility is calledOpenAll
Children Secondlythe usercanselecta nodeandtell the applicationthatthe selectechodeshould
bethenew rootdirectoryof thevisualisation.This navigationalaid is calledMake Root



Chapter 6

SelectedDetails of the Java Pyramids
Explorer

6.1 Intr oduction

This chaptedescribesomeof theimplementatiordetailsof the Java PyramidsExplorer(JPE)appli-
cation. Someof thefollowing sectionsareusefulto understandhetechniqueshatweredevelopedto
increasehe usability of the InformationPyramidstechnique.Othersectionscanbe usedif a deeper
knowledgeof the usedprogrammingmethodsanddesignpatternss needed.

The programminglanguagethat hasbeenusedto develop the JPEapplicationwas Java, more
specificallythe Java DevelopmentKit (JDK) 1.2, alsocalledJava 2. As Java is an object-oriented
programmindanguageheapplicatiorwasdesignedinddevelopedusingobject-orientedechniques.
Most of the useddesignpatternscanbefoundin [GHJ™95]. The JPEapplicationcontains75 classes
but morethanhalf of themareinnerclasseshatareusedfor eventhandlingpurpose®f thegraphical
userinterface.Only 23 of the 75 classesrenot usedfor eventhandlingpurposesbut not all of them
areimportantfor understandingf the implementatiordetails. The following sectionsdescribethe
classhierarchyof the application,the purposeof the importantclassesandthe interactionbetween
thesedifferentclasses.

The classdiagramof the JPEapplicationis shavn in Figure6.1. The figure shavs only those
classeshatarenecessarjor theunderstandingf theimplementationTheusednotationfor theclass
diagramis the ObjectModelling TechniqugRBP90]. All classe®f theapplicationarememberof
theiicm.JExploer package.

6.2 JExplorer

The classJExploker is the main classof the implementation.It is only usedto startthe application
andto bring up awelcomewindow. It implementghe main() methodlik e following:

public static void main(String[] args) {
new Wl coneW ndow() ;
} //endmain

The welcomewindow is aninstanceof the WelcomeWhdow class. This classdisplaysa welcome
messageppensthe mainwindow of the applicationandclosestself again.
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JExplorer WelcomeWindow
MainWindow CollectionPropertiesPanel
CallectionTreePanel CollectionTreePanelL istener
ChildrenListPanel ChildrenListPanelListener
InformationPyramid2D InformationPyramidL istener
VRL ayout
VRCollection
VRBoxL ayout VRSizeSortedL ayout
\
HierarchyFactory Document CollectionSort
g Collection
DocumentSort  |eg—
FSHierarchyFactory FSDocument
FSCollection x

Figure6.1: Theclasshierarchyof the JPEapplication.
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Figure6.2: Themainwindow of the JPEapplication.

6.3 MainW indow

TheMainWindow classof theiicm.JExploer packagehasseveralfunctionswithin the application.It
is awindow thatcontainsall the component®f the mainwindow of JPE.Figure6.2 shavs the user
interfaceof this class.It contains:

e Themenubar

Thetool bar

Thethreevisualisationf the hierarchicainformation

Thepropertiepanel

Thestatusbar

Furtherthe MainWindow classis usedfor eventhandlingpurposesandthe synchronisatiorbet-
weenthe threedifferentviews. Eventhandlingis doneusinginner classesvhich arelistenersto the
graphicalcomponentsThe adwantageof usinginner classess, thataninner classhasaccesgo the
variablesof its parentclass.Thus,if aneventlistenerclassthatis aninner classwantsto reador set
valuesof the componentghat arereferencedy its parentclass,this cansimply be doneby using
the reference®f the parent. The MainWindow classhandlesthe synchronisatiorbetweenthe three
differentviews, too. It is akind of listenerthatis informedby the views on userinteractionsandit is
alsoakind of controllerthatforwardstheseanteractiondo theotherviews. If neededtheinteractions
areforwardedto the propertiepanel.too.
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Initial valuesfor JPEoptions,suchasthe sortingorder the userdefinedview, etc.,arestoredin
propertyfiles ontheharddisk. Thesevaluesareloadedwhentheapplicationis restarted The options
aresavedif theuserselectghe correspondingnenuitem. The MainWindow classprovidesmethods
to reador write the optionsfrom or to the propertyfiles. If anobjectof the MainWindow classis
instantiatedthe constructotoadsthe optionsandsetsthe valuesof the menusandstatevariables.

6.4 HierarchyFactory

Onedesigngoal of the JPEapplicationwasto make it easyto visualisedifferenttypesof hierarchies.
Thecurrentimplementations usedto displaythe hierarchicaktructureof thedirectorytreeof ahard

disk. Furtherimplementationgould be usedto visualisehierarchieswith completelydifferenttypes
of information contents. An examplewould be that the JPEapplicationvisualisesthe hierarchical
structureof the pagesof awebsener. Thereforeatechniquehadto befoundto make it easyfor the

programmeto changeheclassesesponsibldor theinternalrepresentationf thehierarchicaktored
information. A goodway to accomplisithisis to useanabstracfactorydesignpattern[lGHJ™95].

The classHierarchyFactory is suchan abstractfactory An objectof type HierarchyFactory is
responsibldor creatingobjectsthat are usedto representhe hierarchy To createtheseobjectsthe
following methodsareprovided:

e getCollection()

e getDocument()

The getCollection()methodreturnsan objectof type Collection The abstractlassCollectionrepre-
sentsaninnernodeof the hierarchy The methodgetDocument(yeturnsanobjectof type Document
which represents leaf objectof the hierarchy The Documentclassis an abstractclass,too. Fig-
ure 6.3 shavs an exampleof the structureof the internalrepresentationf a directorytree. In order
to build this internalrepresentatiorthe Collectionclassprovidestwo methodswhich areusedto get
thechildrenof suchaninnernode.Thesemethodsare:

e getSubCollections()
This methodreturnsall children of an inner nodethat are inner nodesby themseles. The
returnedobjectsareinstance®f Collection

e getSubDocuments()
The methodgetSubDocuments($ usedto returnthe childrenof aninner nodethat are leaf
nodes.Thetypeof classfor themis Document

TheJPEapplicationusesthe methodgprovided by theabstractlassedlierarchyFactory, Collec-
tion andDocumento accesshe hierarchicaktructurednformation. As all threeclassesreabstract,
they have to be subclassedndtheir abstracinethodshave to beimplementedo getaccesso the hi-
erarchicainformation. It depend®nthesubclassewnhich kind of informationcanbe accessedOne
implementationcould accessa file systemwhile anotherone could getits informationfrom a web
sener. Only the methodsof the abstractlassesre usedby the otherclasseof the JPEapplication
andthereforetheimplementationganeasilybe exchangedvithout changingthe otherclasses.

The currentversionof the JPEapplicationis usedto displaythe hierarchicallystructurednfor-
mationof a directorytree. Thusthe subclassearedesignedo accesghis kind of information. The
namewf thesubclassestartwith FSwhich meand-ile SystemTheimplementectlassesre:

e FSHiemrchyFactory
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Figure6.3: An exampleof the structureof theinternalrepresentationf a directorytree.

e FSCollection

e FSDocument

6.5 Childr enListPanel

The ChildrenListRinel classis a subclassof javax.swingIPanel It is usedto display the chil-
dren list view of the application. The list of the childrenis an object which is an instanceof

the javax.swinglList class. To display scrollbarsif neededthe list objectis addedto a javax.
swingJScollpaneobject.

Thedefaultimplementatiorof the JList doesnot displayiconsor graphicsin the cells of thelist
but only text. Neverthelesst is possibleto displayary graphicalcomponentn a JList Thechildren
list view displaysthe subdirectoriesand files of a given directory To be ableto distinguishthe
subdirectoriefrom thefilesaniconis drawn in front of the namef thedirectories.To displaythese
iconsan own cell rendererclasshadto be implemented.The implementeccell rendereris aninner
classof ChildrenListRanel Thenameof thecell rendereclassis MyCellRendegr andit is asubclass
of javax.swingDefaultListCellRender. Thecell renderehasto extendthis classbecaus@therwise
it couldnotbeusedby theJList Theonly methodthathasto beimplementedy MyCellRendesr is
getListCellRenderComponerf). This methodreturnsthe componenthathasto bedisplayedn the
list atagivenindex. Theimplementatiorof this methodlookslik e following:

publ i ¢ Conponent getLi st Cel | Render er Conponent (JLi st |ist,
(bj ect val ue, int nodel I ndex, bool ean isSel ect ed,
bool ean cel | HasFocus)
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int index = ((Integer)value).intValue();
String text;

if (index < collections_.size()) {
text = (String) collections_.elenentAt(index);
set |l con(new Fol derlconl6());
} /lendif
el se {
text = (String) docunents_. el enent At (i ndex -
coll ections_.size());
setlcon(null);
} /lendif

return super. getListCell Renderer Component (1i st,
text, index, isSelected, cell HasFocus);

} //endfunc

To be ableto reacton userinteractionsa listenercanbe definedthatis informedby interactions

with an objectof type ChildrenListRinel The listenerhasto implementthe ChildrenListRinelLis-
tenerinterface. The methodthatis declaredn this interfaceis collectionSelectgdl This methodis
calledif theuseropensadirectoryin the childrenlist view.

6.6 CollectionTreeRanel

The treeview of the applicationvisualisesthe hierarchyasa tree. The classCollectionTeeRanel
is usedfor this purpose.CollectionTeeRnelis a subclasf javax.swingIPanel It containsthree
graphicalcomponents:

o A label
Thelabeldisplaysthe nameof the panel.

e A treecomponent
Thetreecomponents anobjectof the classjavax.swinglTree Thetreedisplaysthehierarchi-
cal structurednformation.

e A scroll panel
Thetreecomponents addedo this scroll panelobjectto provide scrollbarsf thetreedoesnot
fit into theavailabledisplayarea.Theclassof thescroll panelobjectis javax.swingIScollPane

The CollectionTeeRanel objectreactson threedifferenttypesof userinteractions. Two inner

classesare usedto listento theseeventsandto reactto them. The two inner classesand the three
methodswhich reactto usereventsare:

e ExpansionListener
This classreactsto eventsthatoccurif the userexpandsor collapsedreenodes.The method
treeCollapsed(js calledif anodeis collapsedandtreeExpanded(} calledif atreenodeis ex-
pandedoy theuser As mentionedn Chapterd, if anodeis expandednotonly onelevel of the
hierarchyis expandedbut seserallevels. If thetreeExpanded@nethodis calledfor anode,the
remainingnodeshave to be openedtoo. The methodopenNode(pf the CollectionTeeRanel
classis usedfor this purposeandis calledby the treeExpanded(nethod.
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e SelectionListener
The SelectionListeneclassis a subclassof javax.swinglreeSelectionLister. It listensto
eventsthatarecreatedf the userselectsa nodein thetreeview. If the userselectsa nodethe
valueChangd() methodof this listenerclassis called.

In orderto synchronisghe differentviews in the application,CollectionTeeRnel sendsevents
to alistenerif oneof theseuserinteractionsoccur The listenerclasshasto implementthe methods
of the CollectionTeeRanelListenerinterface. The methodghataredeclaredn thisinterfaceare:

e collectionTeeOpened()
This methodis calledif theuserexpandsanodein thetreeview.

e collectionTeeClosed()
collectionTeeClosed()s calledif atreenodeis collapsed.

e collectionTeeSelectefi(
A selectionof anodein thetreeview leadsto a call of this method.

6.7 CollectionPropertiesPanel

The CollectionPopertiesRnel classextendsthe javax.swingJPanel classandit displaysseveral at-
tributesof a selectedlirectory Theattributesarethename the numberof childrenandthesizeof the
directory If adirectoryis selectedn thetreeview or the pyramidview the methodsetCollection(pf
this classis executedandsetsthe new valuesof the componentshatdisplaythethreeattributes.

6.8 InformationPyramid2D

InformationPyamid2Dis a panelthat displaysthe simulatedthree-dimensionalisualisationof the
InformationPyramid.The superclassf InformationPyamid2Dis javax.swingJPanel Information-
Pyramid2Ddoesnot paintthe plateausf the pyramid nor doesit computethe positionsor the sizes
of them. It is usedto hold statusinformationof the pyramidview, to reactto userinteractionsandto
forward paintingrequestgo the responsiblebjects. The statusinformationthat is managedy the
InformationPyamid2D classcontainghefollowing items:

e rootCollection

This objectis the baseplateauof the visualisedpyramid. The classof this objectis VRCollec-
tion.

e clickedCollection
If the userclicks with the mouseon the pyramid, the clickedCollection referencds usedto
remembethe correspondinglateau.

¢ layoutManaer.
To computethe sizesandpositionsof the plateausa layoutmanagers used.This objectis such
a layout manager All layout managersre subclassesf VRLayout This classis described
laterin this chapter If the layout managelis exchangedby anotherone during runtime, the
visualisationis computedagainandrefreshed.
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listener

Thisis areferencdo a listenerobjectthatis informedby eventsthatoccurwithin the pyramid
view. Thelistenerclasshasto implementheInformationPyamidListenelinterface.Theinter
facecontainsonly the collectionSelected(method. This methodis calledif the userselectsa
directoryin the pyramidview.

shapesFomVRCollections
If the userclicks with the mouseon the pyramidthe shapesFomVRCollectionsvectoris used
to find the correspondingplateau.The usedtechniques describedaterin this chapter

openDepth
This value definesthe numberof levelsthatareopenedbelon a selecteddirectoryif the user
collapsest.

sortype
ThevariablesortType. definesthe way how the directoriesaresortedbeforethey arelaid out.
Possiblevaluesfor this variableare:

— CollectionSort.SIZE
— CollectionSort. CHILDRENCOUNT
— CollectionSort.MAME

sortAscDsc
It is possibleo sortthedirectoriesascendingr descendingndependentvhich sortingmethod
is used.Theorderdepend®nthe SortAscDscvariable.Possiblevaluesfor sortAscDscare:

— CollectionSort.ASC
— CollectionSort.DSC

paintText.
If atextual descriptionof the hierarchiesshouldbe displayedor not dependson the value of
paintText.. It is trueif thetext shouldbe dravn andfalseotherwise.

antialiasing

The antialiasing valueis usedto switch antialiasingon or off. If antialiasingis really used
or not depend®n the usedhardwareandoperatingsystem.Thereforeit is not guaranteedhat
antialiasings really doneif it is turnedon.

fadelnOut
If thisvalueis trueandtheuserselectsanew hierarchyor theview of thepyramidis refreshed,
thetransitionsareanimated.

transpaent
This value definesif the whole pyramid shouldbe dravn transparently This is an effect that
doesnot make muchsensebut looksfreakly good.

zoom
This valuesetsthe zoomingfactorof thedisplay If adirectoryis selectedhezoomslidercan
be usedto zoomto this directory If no directoryis selectedt is zoomedinto the centerof the
pyramid.

rotateX
rotateX definesthe angleof rotationof the pyramidview aroundthe X-axis.
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Figure6.4: An exampleof the hierarchicakelationshipsetweerdifferentVRCollectionobjects.

e rotateZ
rotateZ definesheangleof rotationof the pyramidview aroundthe Z-axis.

The InformationPyamid2D classoverwritesthe paint() methodof JPanel The paint method
draws the whole visualisationof the pyramid aswell asthe textual descriptionsof the directories.
The orderin which this is manageds as follows. First the paint() methoddravs a background
image. It usesa cascadindayoutto fill the completebackgroundarea.After thatit setssomeof the
possiblerenderingattributeslik e antialiasingandtransparenc Thenit paintsthe pyramid. To drav
the pyramid it forwardsthe paint requestto the visual representatioffVR) objects. Theseobjects
arehierarchicallystructuredandbuild the completepyramid. Finally, the textual descriptionof the
directoriesaredravn if the paintText. valueis true.

The VR objectsareusedto draw the pyramid. Like the internalrepresentationf the hierarchy
they arehierarchicallystructured.Therearetwo kindsof VR objects.First thereareobjectsof type
VRCollectionthat are the visual representationsf the nodesin the hierarchy Every VRCollection
objectknows its childrenVR objectsandits parentVR object. This builds the hierarchicalstructure
of the VR objects. Secondtherearethe layoutmanagemobjectsthatare subclassesf the VRLayout
class. Theselayout managersreresponsibldor calculatingthe sizesand positionsof the plateaus
of the pyramid. For one pyramid thereexists only onelayout manageiat a time. Neverthelesst is
possibleto exchangehelayoutmanageduringruntime.

VRCollection

Thenodesof the hierarchyarevisualisedasplateausn the pyramid. Every plateauis representety
anobjectof type VRCollection If aplateathasto bedrawvn, the paint() methodof thecorresponding
VRCollectionobjectis called. The hierarchicalstructureof the pyramidis embeddedn the relation-
shipsbetweenthe VRCollectionobjects. Every VRCollectionobjecthasreferenceso its parentand
its childrennodes Figure6.4shovs anexampleof thehierarchicarelationshipbetweerthedifferent
VRCollectionobjects.
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Figure6.5: The positionanddimensionof a plateauin the pyramid.

The Dimensionsof the Plateaus

The sizesand positionsof the plateausis computedby the usedlayout manager Only the base
plateauhasfixed size. All otherplateausare positionedrelative to the positionandsize of the base
plateau. The variablesthat are usedto setthe positionand dimensionof a VRCollectionobjectare
(seeFigure6.5):

e toplLeftX

topLeftY

topLeftZz

height

e Size

toplnset

border.

The layout managercalculateshe valuesof the first five itemsin the list. The remainingtwo
valuesarecalculatedby the VRCollectionobjectitself. The sourcecodethatcalculategoplnset and
border_ lookslik e following:

toplnset _ = (double) (size_/ 100d * CCOLLECTI ON_| NSETS);
border_ = (double) (size_/ 100d * BORDER);

The two constantsVRCollection.COLLECTIONNSETSand VRCollection.BORDERfluencethe
shapeof the plateau.The default valuefor both of themis 5.
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Figure6.6: Thedrawing orderof the plateausn the pyramidview.

Hidden Surfaces

In orderto hidethe surfacesthatshouldnot bevisible in the currentviewpointthe orderin which the
plateausaredrawn is from bottomto top andfrom backto front. The directoriesthatare positioned
on onebaseplateavaredravn from top left to bottomright (seeFigure6.6). Thusthe plateaushave
to besortedin this way beforethey aredravn. This sortingis handledby thelayoutmanager

Theorderin whichthesurfacesof aplateavaredravn depend®ntheangleof therotationaround
the Z-axis of the currentviewpoint (seeFigure6.7). If theangleis lessor equal45 degreesthe order
is:

surfacel
surface4
surface2

surface3

o . nNpoE

surfaceb

If the angleis greaterthan45 degreessurface4 is dravn beforesurfacel. The orderof the other
surfacesremainsthe same.

The Lighting Model

The usedlighting model dependson the navigational possibilitiesof the pyramid view. The view
canbe rotatedclockwisearoundthe Z-axis. Thereforethe mostuseful positionof the light source
seemdo beatthefront to theleft of the pyramid. This meanghatsurface4 andsurface3 arelighter
thansurface2 andsurfacel. Thisis differentto thecommonlyusedpositionof the light source.The
commonlyusedpositionof thelight sourcds atthebackto theleft of theobject. If thispositionwould
be usedthe lateralsurfacesthatarevisible if the pyramid is rotatedwould both be dark. Figure6.8
shaws the pyramidif it is rotated45 degreesaroundthe X-axis andthe Z-axis. As thelight sourceis
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Figure6.7: Thesurfacesof a plateauin the pyramid.

atthefront to theleft, onelateralsurfaceis light andoneis dark. With the light sourceat the back
bothsurfaceswould bedark.

VRLayout

Layout managersare usedto computethe positionsanddimensionsof the plateausn the pyramid.
The positionand dimensionof the baseplateauof the pyramid is alwaysfixed. The other plateaus
arelaid out on thetop of this baseplateau.Thelayoutmanagerclassesaresubclassesf the abstract
classVRLayout Every InformationPyamid2D objectholdsa referenceo the usedlayoutmanager
If thelayoutmanagenf suchanInformationPyamid2D objectis exchangedhe visualisationof the
pyramidis refreshedandthe plateausarelaid out again. The abstractclassVRLayoutdeclareswo
abstractmethods. Thesetwo methodshave to be implementedoy the layout managerclasses.The
two abstracmethodsare:

e layoutSubCollectias()

This methodcalculateghe positionandsizesof the childrenof a given node. The algorithm
thatis usedto lay out the childrenplateausdependsn the usedlayoutmanager The method
returnsan objectof type Vector. The elementsf thatvectorarethe VRCollectionobjectsthat
representhe childrennodesof thegivennode.The elementsaresortedby their positionin the
three-dimensionapace.Hiddensurfacesarenot dravn by the useddrawing algorithmif the
plateausaresortedfrom backto front andfrom left to right prior to drawing. This sortinghas
to bedonewithin thelayoutSubCollectiorfy methodof the layoutmanager

e calculateSubCollemminsHeigt()
The calculateSubColletinsHeght() methodcomputeghe heightof a plateau.

The JPEapplicationhastwo differentlayoutmanagershatcanbeused.The VRBoxLayoutlass
is a layout managethat usesequally-sizedblateaudo build the pyramid. VRSizeSortedLayoig a
layout managethat sortsthe directoriesby their size or the numberof childrenbeforethey arelaid
out. To build the pyramidit useddifferently-sizedplateausThesetwo layoutmanagersredescribed
in the next two subsections.

VRBoxLayout

The VRBoxLayoutayoutmanagemrrangeghe childrenof anodein rows andcolumnswithin their
available displayarea. The sibling nodesof the pyramid arerepresentedby equally-sizedplateaus.
Theheightof aplateaus 8 percenof thewidth of theparentplateau Priorto layoutthedirectoriesare
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Figure6.8: Therotatedpyramidview. Onelateralsurfaceof the plateauss darkandthe otheroneis
light.

sortedusinganobjectof type CollectionSort Figure6.9shavs a pyramidthatuseshe VRBoxLayout
layout manager The sourcecodeof the layoutSubCollectiof) methodthat doesthe layout of the
plateaudookslik e following:

if (coll Count > 0) {
int divider = (int) Math.ceil (Math. sqrt(coll Count));
doubl e subSize = size / divider;

doubl e x = topLeftX;
doubl e vy topLeft;
double z = topLeftz
doubl e hei ght = cal cul at eSubCol | ecti onsHei ght (si ze);

int cell Count = 1;

for (int i =0; i <collCount; i++) {
Col I ection subCol I ection = (Collection)
subCol | ections. el ement At (i) ;

subVRCol | ecti ons. addEl enent (
new VRCol | ecti on(r oot Panel
subCol | ection, vrCollection, x, vy, z,
hei ght, subSi ze));

cel | Count ++;
X += subSi ze;
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Figure6.9: A pyramidview thatusesthe VRBoxLayoutayoutmanager

if (cellCount > divider) {
X = toplLeftX;
y += subSi ze;
cell Count = 1;
} /lendif
} //endfor
} /lendif

VRSizeSortedLayut

The VRSizeSortedLayoutassis a layout managetthat usesplateauswith differentsizesto build
the hierarchy The dimensionof a plateauis proportionalto the size or the numberof children of
its correspondinglirectory The usercanselectif the dimensionsf the plateausareproportionalto
the size or the numberof children. Figure6.10shavs a pyramid that usesthe VRSizeSortedLayout
layoutmanagerTheVRSizeSortedLayol#youtmanagetriesto maximisethe usageof theavailable
displayspace As thechildrenarearrangednthetop of the plateawf their parentheavailablespace
to lay themoutis a square.The layout managemusesthe following algorithmto computethe sizes
andpositionsof the plateaus:

1. Sortthedirectoriesdescendindpy their sizeor the numberof children.

2. Computethe total size of all childrenandthe percentagef eachdirectory comparedo this
total size. The percentagef adirectoryis usedasthesizeof its plateau.lf thepercentagef a
directoryis smallerthana givenminimumsize,increasets percentagéo the minimumsize.

3. Placethebiggestplateaun thetop left cornerof the squareshapedlisplayarea.
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10.

Figure6.10: A pyramidview thatuseshe VRSizeSortedLayolgdyoutmanager

Positionthe secondargestplateauto theright of thefirst one.
Computethe minimumboundingrectanglg MBR) of the useddisplayarea.

As long asthe MBR doesnot change placethe following plateauselov the secondplateau.
Asthedirectoriesaresorteddescendingthesizesof thefollowing plateausreequalor smaller
thanthe sizeof thesecondne. Thereforethe MBR canonly gethigherbut notwider.

. Computethe MBR if the next plateauwould be placedto the right of the last MBR andif it

would be placedbelow it. Compareboth MBRs with a squareandusethe positionwherethe
MBR is moreequalto a square.

If the plateauis placedto theright of it step6 is repeated.f it is placedbelov the MBR the
following plateausareplacedto theright of the plateawuntil the MBR getswider.

Repeattep7 andstep8 until all plateausarearranged.

Now the positionsof the plateausarecomputedut the sizesof themaretoo largeto fit into the
availabledisplayspace Thereforehe plateaushave to be shrunkto fit onthetop of theplateau
of the parent.

Hit Detection

If the userclicks with the mouseon the pyramid, the two-dimensionalcoordinatesof the posi-
tion of the mouseare available to find a selecteddirectory The shapesfFomVRCollectionsvec-
tor is usedfor this purpose. Each surface of every plateauthat is dravn is representedy a
java.awt.@om.GenealPath object. The GenealPath classrepresent& geometricpath constructed
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from straightlines,andquadraticandcubic curves. Every GenerlPath objectis addedo the shapes-
FromVRCollectionsvectorif the correspondingurfaceis dravn. Thatmeanghefirst objectin this
vectoris the backmossurfaceof the pyramidandthe lastoneis thefrontmostone.

The adwantageof the GenerlPath objectis thatit hasa methodcalled contains()which returns
trueif a given coordinatelies within its area. The algorithmto find the clicked plateaupasseshe
vector from backto front andcalls the contains()methodfor every GenerlPath object. The first
objectthatreturnstrueis a surfaceof the selectethlateau.The two-dimensionakhapesFomVRCol-
lections vectorstoresa referenceto the corresponding/RCollectionobjectfor every GenealPath
object. Thusit is easyto find the directoryon which the userclicked. The sourcecodethatlooks for
the correspondingy RCollectionobjectin the vectorlookslik e following:

protected VRCol |l ection getCickedCollection(int nmouseX,
i nt nouseyY)
{
for (int i = (shapesFronVRCol | ections_.size() - 1);
i >=0; i--)
{
General Path path = (CGeneral Path) ((Vector)
shapesFromVRCol | ections_.elenment At(i)).elenentAt(0);

i f (path.contains(nmuseX, nmouseY)) {
return (VRCol | ection) ((Vector)
shapesFromVVRCol | ections_.elementAt(i)).
el ement At (1) ;
} /lendif
} //endfor

return null;
} //endfunc

6.9 CollectionSort and DocumentSort

The classe<ollectionSortand DocumentSoraretwo helperclasseghat are usedto sortthe direc-
toriesandfiles of the visualisation. The CollectionSortclassis usedto sorta vectorof Collection
objects.Theaobjectscanbesortedby name sizeandnumberof childrenascendingr descendingA
vectorof Documentobjectscanbe sortedusingthe DocumentSortlass. Documentscanbe sorted
ascendingr descendindpy nameor size.In bothcasegheusedsortingmethodis asimpleQuicksort
algorithm.



Chapter 7

Outlook and Further Work

7.1 Intr oduction

Theintentionsduringthedesigrandthedevelopmenbf the Java PyramidsExplorer(JPE)application
wereto improve the Information Pyramidstechniqueandto find solutionsto someproblemsof the

previous applicationghatimplementedhis technique.Dueto lack of time someof thefoundideas
could not beimplementedn the currentversionof the application. Neverthelesgheseideasshould
be implementedin future versions. Of course,mary newv possibilitiesto improve the application
andthe techniquehave beenfound during the developmentprocess.lt hadto be weighedup which

improvementsshouldbe madein the currentversionbecausef the limited time availableto finish

theapplication.Thereforemary new ideasandimprovementsarestill notimplementedandshouldbe

partof thefurtherwork, too. The purposeof this chaptelis to explain theseiddeasandimprovements
to supportthe developmentprocessof thefuture versions.

7.2 Search Possibilities

The currentimplementatiorof the JPEprovidesmary navigationalpossibilitiesandaidsto explore
the hierarchicalstructureof the selectedile system. The usercanuseeitherthe tree view or the
pyramid view to navigate throughthe hierarchy This helpsthe userto gain an overvienv of the
structureof the hierarchy If the useris looking for a specificfile or directorythis hasto be doneby
exploring the hierarchyand searchingor the itemsmanually Of course this approachs not very
efficient. Thusa searchfacility would be very importantand shouldbe implementedo make the
applicationmoreuseful.

The searchfunction should provide the possibility to searchfor files and directoriesby their
attributeslik e the name the size, etc. It would alsobe desirableto searchHor the contentof thefiles.
Thereforea full text searchenginecould be usedto extendthe possibilitiesof the searchfunction.
Oneimportanttaskduring the designof the searchfunctionalityis to find techniquesow the search
resultsshouldbe visualisedin the JPEapplication. Thereare mary differentpossibilitieshow this
couldbeaccomplished.

One possibility to display the searchresultwould be to opena new window and display the
foundfiles anddirectoriesin a simplelist like the childrenlist of JPE.This seemgo be appropriate
if the searchresultlist containsonly somefew entries. Neverthelesghis solutiondoesnot usethe
possibilitiesof the InformationPyramidstechniqueto displaythe searchresult. A solutionhasto be
foundwherethe searchresultis displayedwithin the pyramidview.
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Figure7.1: A screenshoof the FSNapplicationwith a highlightedsearchresultobject.

To displaythe resultsetin the pyramid view the directoriescontainingthe foundfiles could be
highlightedin someway. Maybe the plateauscould be colouredor highlightedusing a wireframe
box. It would alsobe possibleto highlight the plateaususinga techniquesimilar to the oneusedby
theFile SystemNavigator The File SystemNavigator usesspotlightsto highlight the searchresults
(seeFigure7.1). As the searchresultlist cancontainmary differententriesa possibility shouldbe
provided to go throughit stepby step. At eachstepthe directorythat containsthe currentfile is
highlightedin the pyramidview andthefile is displayedn the childrenlist.

7.3 Impr ovedLayout Managers

To build the hierarchyandto lay out the objectsin the landscapehe JPE applicationuseslayout
managenbjects.The object-orientedlesignof the programmalesit easyto develop differenttypes
of layoutmanagersandto usethemin the application.Currentlytwo differentlayoutmanagersave
beenimplemented.The VRBoxLayoutayoutmanageusesequally-sizedblateausarrangedn rows
and columnsto build the hierarchy The VRSizeSortedLayolhyout managerusesplateauswith
differentsizesfor this purpose.Thesetwo layout managersre simpleto implementandthey have
goodruntimebehaiour. Neverthelesgherearemary possibilitiesto arrangethe plateaughat build
the pyramid. The layoutof the pyramidis a very time critical operationbecausef it takestoo long
to visualisethe pyramid the usergetsbored. Thusthe layout managersmust have good runtime
behaiour.

Onelayouttechniquethat could be implementeds the one usedby the 3D Explorer The 3D
Explorer usesdifferently-sizedplateaugo build the hierarchy The resultinglayout malesit easy
to find informationandto give a goodoverview of the structureof the whole hierarchy Beforethe
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directoriesarelaid outthey canbesortedin ary possibleway. A disadwantageof this layoutmanager
is its badruntimebehaiour thatcanleadto inacceptablalelays.

Anothermethodto arrangehe plateauss to useclusters.As JosefWolte notedin [Wol98]:

“The layout algorithm simply arrangeghe file 3D objectsin rows and columnson a

plateau.Anothermethodwould be to arrangethe objectsin clusters.For instancefiles

createdn the samemonthcould be build a clusteror files of the sametype. Obviously

theremustbe somekind of arelationbetweerthe objectswhich could be usedto form

clusters.In afile systemthereareonly few relationswhich canbeusedfor this purpose.
This featurewould be very usefulwhenvisualisinghyperlinked hierarchicaldata. For

instancewhenvisualisinga Hyperave sener, the links betweernthe documentsanbe

usedto build clusters.Documentsvhich have mary links to eachothershouldbe placed
closertogethethandocumentswith no links to eachother’

7.4 Display Textin the Pyramid View

To explorethevisualisationof the hierarchyandto find informationit is very importantto displaya
textual descriptionof the nodesin the pyramid view. The compactvisualisationof the Information
Pyramidstechniguemalesit impossibleto drav the namesof every nodein the hierarchywithin the
displayarea,particularlyfor hierarchieswith hundredsor thousand®f nodes.The JPEapplication
displaysthe textual descriptionsof someof the displayednodes. It dependon the selectedhode
which nodesarelabeled.Currently the selectedhode,its parentandtwo siblingsof theselectedhode
arelabeled.

A internal heuristicevaluationshaved that it would be useful during navigation to display the
textual descriptionsof someof the childrenof the selectechode,too. If the childrenwerelabeled
it would be easierfor the userto decidewhich partsof the hierarchyshouldbe explorednext. JPE
displaysthe namesof the nodesat the top of the display areain the pyramid view. The textual
descriptionf the childrenof the selectechodecould be drawvn at the bottomof the pyramid view.
The labelsof the childrenof the selectedhode shouldhave differentcoloursthanthe otherlabels.
This shouldmale it easierto distinguishthemfrom the otherlabels. Figure 7.2 shavs an example
of amodifiedpyramidview. The childrenof the selectechodearelabeledusingyellow coloursand
labels.

7.5 Improved Childr en List

The JPEapplicationdisplaysthe children of a selectechodein a simplelist. The list containsthe
subdirectoriesndfiles thatarein the selecteddirectory To distinguishthe directoriesfrom thefiles
aniconis drawn in front of them. Insteadof usinga simplelist animproved visualisationtechnique
couldbeused.Like otherfile browsers,e.g. the Windows Explorer atablecould be usedto display
moreinformationthanjustthe namef thefiles anddirectories.Thetablecoulddisplayattributesof
theentrieslike:

e Name
e Size
e Filetype

e Creationdate
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Figure7.2: A modifiedpyramidview. Theyellow labelsarethe namesof the childrennodesof the
selectechode.

In orderto visualisethe differenttypesof thefiles, iconscouldbe dravn in front of the namesof
thefiles in thetable,too. The columnsof the tablecould beresizableandthe orderof the displayed
columnscould be changeable.lt shouldbe possibleto sortthe rows of the table by the displayed
attributes. It would alsobe possibleto let the userdecidehow the childrenof a directoryshouldbe
displayed.Like the foldersof the Microsoft Windows operatingsystemdifferentvisualisationsuch
asalist, atableor a matrix couldbe possible.

7.6 File Preview

During navigation andto find specificinformationit is importantto seethe contentof the displayed
files. The nameof a file is very often not enoughinformationto find the files the useris looking
for. Thereforea possibility to displaythe contentof the files would be very usefulfor the user A

file preview thatvisualiseshe contentof a selectedile could be implementedn anown panelor a
separatevindow. For example,if thefile is animageasmallpreview of thisimagecouldbedisplayed.

7.7 Edit Functions

Thecurrentimplementatiorof the JPEapplicationcanbe usedto view the hierarchicaktructureof a
file system.Neverthelesghe usercanonly navigatethroughthe visualisationbut it is not possibleto
changethe contentof it. Like otherfile browsersthe applicationshouldprovide the functionality to
editthefiles anddirectoriesthatarevisualised.Typical editing functionsthat could be implemented
include:

e Cut
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o Copy

Paste

Delete

Rename

e Undo

7.8 Display Filesin the Pyramid View

The applications3D Explorerand3D Explorerfor VRML usethe Information Pyramidstechnique
to visualisethe hierarchicalstructureof afile system.Both applicationsvisualisethe directoriesand

thefiles of thefile systemin the pyramid. The directoriesarevisualisedasplateausandthefiles are

visualisedassmallthree-dimensionabbjects. The JPEapplicationdisplaysonly the directoriesthat

arerepresente@s plateausbhut it doesnot displaythe files in the pyramid view. Neverthelessoth

opportunitiesshouldbe possiblen the JPEapplicationbecausdothtechniquedhave advantageshat

dependon the usageof the program. The usershouldhave the possibility to selectif the directories
aloneor boththe directoriesandthe files shouldbe displayedin the pyramid view. As the pyramid

view andthe treeview are synchronisewn userinteractionthereremainsthe openquestionif the

files shouldbedisplayedin thetreeview, too.
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Chapter 8

Concluding Remarks

This masters thesispresentedhe Java PyramidsExplorer anapplicationusingthe InformationPyra-
midstechniqueo visualisehierarchicallystructurednformation.

Chapter2 discussedelatedtechniquedor visualisinghierarchiesSomeof thetechniquesise2D
graphicsto drav thevisualisationsomeof them3D graphics.

TheJava PyramidsExplorerapplicationwasimplementedisingthe Java programmindanguage.
The AbstractWindow Toolkit andthe Swing packagevereusedto developthe graphicaluserinter
face. The Java 2D API wasusedto draw the graphicsof the InformationPyramid. Theselibraries
andtheJava programminganguagevereexplainedin Chapter3.

The Information Pyramidstechniquewasdiscussedn Chapter4. Chapter5 and Chapter6 in-
troducedthe Java PyramidsExplorerand selecteddetailsof the implementatiorof the application.
Theimprovementsof the new approactweredescribedandthe new possibilitiesto explorethe hier
archicallystructurednformationwere presented The mainimprovementswverethe combinationof
differentvisualisationtechniquestheimproveddisplayof thetextual descriptionof thenodesn the
hierarchythe usageof a platform-independdrgraphicdibrary, andtheintroductionof exchangeable
layoutmanagerslueto theimproved object-orientediesignof the application.

The thesisconcludedwith an outline of work currentlyin progressand someideasfor future
research.

85



86

CHAPTERS8. CONCLUDING REMARKS



Appendix A

User Guide

A.1 Intr oduction

The Java PyramidsExplorer (JPE)applicationis usedto visualisethe hierarchicalstructureof a file
system. The hierarchyis displayedsimultaneouslyin both a tree view anda pyramid view. The
pyramid view usesthe Information Pyramidstechnigueto visualisethe hierarchy The pyramid is
visualisedasa simulatedthree-dimensionabbject. The JPEapplicationcanbe usedto explore the
hierarchyandto efficiently find informationwithin the hierarchy

Theprogrammindanguagedor the applicationis Java, andmorepreciselythe Java Development
Kit 1.2 from Sun Microsystems. In orderto run the applicationeitherthe Jasa DevelopmentKit
1.2, the Java RuntimeEnvironment1.2 or a compatibleruntime ervironmentis required. To drav
the graphicsthe Java 2D API is used. The Java 2D API is partof the Java 1.2 compatibleruntime
environmentsfrom SunMicrosystemsanddoesnot have to beinstalledasa separateackage.

A.2 Installation

Beforerunningthe JPEapplication,a Java 1.2 compatibleruntime ervironmenthasto be installed.
TheJPEapplicationitself is availableasajar-file. Thejexplore.jar file containsall classe®f the JPE
application.To startthe applicationthe JExploe classis used.The commando startthe JPEis:

java iicm JExpl ore. JExpl ore

Thejexplorejar file hasto be partof the CLASSRTH ervironmentvariableto find thenecessary
classes.All imagesneededby the applicationarein the imagesdirectory Two propertyfiles are
providedto configurethe application. The JExploer.propertiesfile is usedto setall labelsandmenu
itemsthatarevisible in the mainwindow andall otherwindows. It is alsousedto setthe pathto the
images.Thesecondoropertyfile Settings.prpertiesis usedto storethe optionsthatcanbe setwithin
theapplication.

Two settingsareimportantto startthe applicationcorrectly First, the pathof the applicationhas
to besetin the JExploer.propertiesfile. Secondtheinitial directoryof the applicationhasto be set
in the Settings.pupertiesfile. If oneof themis invalid theapplicationrefusego start.
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A.3 Menu Bar

Themenubarprovideseasyaccesgo all functionsavailablewithin the JPEapplication.Someof the
menuitemsdependntheusedoptionsandareonly accessibléf theappropriateptionsareselected.

File Edit View Lanrourt Options Help

FigureA.1: Themenubar

File Menu

File Edit View

Open
Update

Exit

Open Opensa dialog box where a directory can be selected(seeFigure A.2). The
selectedlirectoryis thenew root directoryof thevisualisation.

Update Reloadsthe directorystructurefrom the harddisk andrefresheghe visualisa-
tionsof thehierarchy Thisis usefulif the contenton the harddisk haschanged.

Exit Closestheapplication.

Edit Menu

Mak e Root Makesthe selecteddirectorythe new root directory of the visualisations.
Expandedlirectoriesbelav the selectedlirectoryremainexpanded.

OpenAll Children Expandsall levelsof childrenbelov a selecteddirectory

SelectParent Selectgheparentof aselectechode.Thisis usefulto goupin thehierar
chy. If theselectechodeis theroot nodeof the visualisatiorthe parentdirectoryis
openedandvisualised.

View Menu

Top Changeghe currentviewpoint of the pyramidview to a viewpoint above the pyra-
mid looking down. Thetransitionbetweerthe currentviewpointandthe Top view-
pointis animated.

Front Theviewpoint of the pyramidview is setto aviewpointin front of the pyramid.
3D Rotateghe pyramid 45 degreesaroundthe X-axis andthe Z-axis.

UserView Changeghe viewpoint to a userdefinedposition. The positioncanbe set
usingthe SetUserView menuitem.
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Eggﬂpen
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Files of type: All Files (*.%) - Cancel

FigureA.2: Thedirectoryselectiondialogbox.

File Edit View Layout
Make Root

Open All Children
Select Parent

Zoom In Zoomsto aselectedirectory
Zoom Out Undoesa zoomoperationanddisplaysthewhole pyramid.
SetUserView Thecurrentpoint of view is taken asthe userdefinedviewpoint.

Layout Menu

Box Layout Changeshelayoutmanageto theBoxLayoutlayoutmanagerBoxLayout
usesequally-sizedplateaugo build the hierarchy
SizeSorted Layout TheSizeSortedLayoutlayoutmanageusesplateausvith different
sizesto build the hierarchy This menuitem setsthe usedlayout manageto Size
SortedLayout
Sort Dir ectories Sortsthe visualiseddirectoriesin differentways. The available sub-
menuitemsare:
by Name Sortsthedirectorieshy theirname.
by Size Sortsthedirectorieshy their size.
by Childr en Sortsthedirectoriesby the numberof their children.
Ascending Thesortingof thedirectoriess doneascending.
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Edit View Layout Options

Top

Front

JD

User View

Zoom In
Zoom Out

Set User View

View Layout | Options Help
i~ Box Layout
® Size Sorted Layout

Sort Directories b
Sort Files }

Descending The sortingof the directoriesis donedescending.

Sort Files Thefilesin thechildrenlist canbe sortedin someways. The available sub-
menuitemsare:

by Name Sortsthefiles by theirname.

by Size Sortsthefiles by their size.

Ascending Thesortingof thefilesis doneascending.
Descending Thesortingof thefilesis donedescending.

Options Menu

Layout Options | Help

Look Ahead Depth...

Calculation Depth...

Size Sorted Layout Minimum 5Size...

Inverse Spiit Panel

¥ Display Names
¥ Antialiasing

¥ Fade In/Out

[ Transparent

Save Settings
Reset Settings
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Look Ahead Depth
£ |
OK Cancel

FigureA.3: TheLook AheadDepthwindow.

Calculation Depth
£ |
OK Cancel

FigureA.4: The CalculationDepthwindow.

Look Ahead Depth... Opensawindow wherethe numberof levelsthatareexpandedf
adirectoryis openedn thevisualisationcanbe set(seeFigureA.3).

Calculation Depth... This menuitem opensa windonv wherethe numberof levels can
be set,thatareusedto calculatethe sizeandthe numberof childrenof a directory
(seeFigureA.4).

SizeSorted Layout Minimum Size... By using this menuitem a window is opened
wherethe minimumrelative sizeof a plateawof the SizeSortedLayoutlayoutman-
agercanbeset.

InverseSplit Panel The pyramidview canbe eitherto theright or to theleft of thetree
view. This menuitem changeshe positionof the pyramidview (seeFigureA.5).

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

Antialiasing This optiondefinesf antialiasings usedto drav the graphicsn the pyra-
mid view or not.

Fadeln/Out If this optionis set,thetransitionbetweerdifferentviewsis animated.
Transparent By selectingthis menuitem the pyramidis dravn transparently

Save Settings This menuitem storesthe optionson the harddisk. If the applicationis
restartedhe storedoptionsarereadfrom the harddisk andusedagain.

ResetSettings Setstheoptionsto default values.

Help Menu

About Opensa window that displayssomeinformation aboutthe Java PyramidsEx-
plorerapplication.
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Egg Options

Size Sorted Layout Minimum Size (in %)

40 |
A change to this value takes effect if you select
the Size Sorted Layout Manager for the next time!

OK Cancel

FigureA.5: The SizeSortedLayoutMinimum Sizewindow.

Layout Options Help
About

A.4 ToolBar

E @ A N

Thetool bar provides quick accesgo someof the mostimportantfunctionsof the application.
All functionsthatareaccessibléhroughthetool barareavailableasmenuitemsin themenubatr, too.
Theavailablebuttonsarefrom left to right:

OpenFile OpensadialogboxwhereadirectorycanbeselectedTheselectedlirectory
is thenew rootdirectoryof the visualisation.

SelectParent Selectgheparentof aselectedode.Thisis usefulto goupthehierarchy
If the selectednodeis the root node of the visualisationthe parentdirectory is
opened.

Mak e Root Makesthe selecteddirectorythe new root directory of the visualisations.
Directoriesbelav theselectedlirectorythatareexpandedemainexpanded.

OpenAll Children Expandsall levelsof childrenof a selectedlirectory

A.5 Pyramid View

The pyramidview usesthe InformationPyramidstechniqueto visualisethe hierarchicalstructureof

thedirectorytree. The pyramidis visualisedasa simulatedhree-dimensionalbject. It canberotated
aroundthe X-axis andthe Z-axisandit canbe zoomedinto the visualisationto enlage partsof the
pyramidthatareimportantatthe moment.Threeslidersareusedto changeheviewpoint. FigureA.6

shaws a screenshaobf the mainwindow of theapplication.

A singleclick with the mouseon an unselectedlirectory selectsit. The directoriescanbe ex-
pandecbr collapseedo explorethe hierarchy Interactionis synchronisedhetweerthe pyramidview,
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FigureA.6: Themainwindow of the JPEapplication.
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Children in Directory
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FigureA.7: Thechildrenlist panel.

thetreeview andthechildrenlist. A singleclick with themouseon a selectedlirectoryexpandsit if
wascollapsedandvice versa.

A.6 TreeView

The treeview visualisesthe samehierarchicalstructureasthe Information Pyramidview. Thetree
view andthe pyramid view are synchronisedn interaction. If a subdirectoryof the hierarchyis
expandedor collapsedn oneview it is executedin thetreeview andthe pyramidview. A selection
of anodeleadsto a selectionn bothviews, too.

A.7 The Childr en List

If adirectoryis selectedn the pyramid view or the treeview the childrenlist displaysthe children
of it. As both,the pyramidview andthe treeview, do not displaythe files of a directorythis is the
only possibilityto find files. As Figure A.7 shavs, boththe subdirectoriesndthefiles of a selected
directoryaredisplayed.To beableto distinguishthe subdirectorie$rom thefiles, aniconis dravn in
front of the nameof adirectory

The Filter field of the childrenlist canbe usedto apply a filter for the files in the childrenlist.
The* wildcardcanbeusedto applyusefulfilters. Possibldilters are:

fil enane display only files that exactly match "fil enane"
*filename display all files that end with "fil enanme"

fil enane* display all files that start with "fil enane"
*filename* display all files that contain the word "fil enane”

A.8 The PropertiesPanel

The propertiespaneldisplaysseveral attributesof a selecteddirectory The attributesthat are dis-
playedin thecurrentversionof the JPEare:



A.8. THE PROPERTIES PANEL

e Name
TheNamefield displaysthe absolutepathof the selectedlirectory

e Sjze
The Sizefield displaysthe sizeof the selectedlirectory

e Children
The Childrenfield displaysthe numberof childrenof the selecteddirectory
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