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Chapter 1

Intr oduction

Many applicationsrequireaneasyto useinteractive graphicspackageto displayinformationto

thescreen.An interactivegraphicspackageis perfectfor displayinginternallycomplex data,so

lessskilled userscananalyseandmanipulatethedata.

Thereis alreadya packageavailablecalledEzd, written by JoelBartlett in Java 1.0, using

featuresavailable then [1]. Ezd lacks someof the functionality requiredto creategraphics

objectsin thenew Java 2 environment.It is alsounableto easilyimplementaspectsrequiredto

createandmanipulategraphobjects,like translationandrotationof compoundshapes.

A solutionis Glyphics which is looselybaseduponJoelBartlett'sEzd,with somechanges

to improve the structuraldesignandutilise new Java features. Glyphics is designedto be

easilyextended,socustomgraphicalobjectscanbecreated.Thesecustomgraphicsobjectscan

beusedto displayall sortsof information.

This packagewas producedwith somespeci�c applicationsin mind, but hasbeendevel-

opedso it can be effectively usedin other graphicalapplications. The main applicationof

Glyphics is to be combinedwith JLambda, an easilyparsed,run time interpreted,scheme

like language[2], to enabledynamiccreationof graphicalobjectsandadvancedgraphicaluser

interfaces.

1.1 JoelBartlett' sEzd

JoelBartlett's Ezd is an easyto usegraphicsdrawing package.With Ezd arbitrarygraphical

elementscanbecreated,displayedto ascreen,andreactto events,anduserinput.

In Ezd, drawing andeventcapturingis handledby anEzdView object.An EzdView draws

1



2 CHAPTER1. INTRODUCTION

it' scontainedGlyphs by callingeachGlyph's paintmethod.In Ezd, aGlyph is responsible

for drawing itself, typically as a sequenceof shapes. This painting methodimplementsthe

paintersalgorithm,colorsareopaqueandnew objectsmay obscurepreviously drawn objects.

Ezd's implementationof compoundglyphs is limited, andneedsto mimic the behaviour of

Java'sCollectioninterface,with methodslike;add,remove,clear, size,etc.

TheEzdView objectis responsiblefor passingtheevent to theappropriateGlyph . Once

the event hasbeencaptured,it is up to the Glyph objectto handleit. The Ezd packagewas

developedusing the deprecatedJava 1.0 event model, which is basedon inheritance. For a

programtocatchandprocessGUI events,it mustsubclasstheGUI componentsandoverridetheir

eventmethods.Eventsarealwaysdeliveredtocomponentsregardlessof whetherthecomponents

handlethemor not. This is consideredasevereperformanceproblem.

1.2 Java Developments

SinceJava1.0,enhancementshavebeenmadeto thelanguagewhichcanbeusedto improveJoel

Bartlett'sEzdpackage.

1. Java'snew eventsystem[3].

2. SwingandtheGraphics2Dpackage[4].

3. Af�ne Transforms(java.awt.geom.AffineTransfor m) [5].

Thejava.awt.Graphics2D classextendstheGraphics classto providemoresophis-

ticatedcontrol over geometry, coordinatetransformations,color management,andtext layout.

Formingthefundamentalclassfor rendering2-dimensionalshapes,text andimages[6].

With thenewer 2D implementationof the java.awt.Shape interface,andJava's imple-

mentationsof the java.awt.Shape interface,many geometricand compoundshapescan

be created. Shapescan be drawn to the screenwith a rangeof java.awt.Stroke s and

java.awt.Color s. Theseshapessupportaf�ne transforms,which allows themto be eas-

ily manipulated.Glyphics alsoprovidesmany java.awt.RenderingHints which can

beusedto tweaktheperformanceandqualityof renderedobjects.

Java.awt.Graphics2D caneasilyandclearlydisplaytext to thescreen.The

java.awt.font packagehasbeenimprovedto supportGraphics2D . High detail

java.awt.Shape objectscanbecreatedfrom Strings whichcanberenderedto thescreen.
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When combinedwith the KEY_ANTIALIASING renderinghint, Graphics2D can display

clear, unpixelatedtext. Imagesarealsoeasilyrenderedto the screenasa BufferedImage .

Althoughuseof Java's IO classesis requiredto readanimagesfrom �le.

With the java.awt.geom.AffineTransform class,Shapeobjects,Imageobjects,

andeven the graphicsobject itself canbe transformed.In fact almostanything you can ren-

derusingGraphics2D canbemanipulatedby Af�ne Transforms.Objectscanbe translated,

rotated,sheared,and scaled. Af�ne transformsare simple andef�cient, making it simple to

manipulateacomplex compoundshapes,which is otherwisecomplicated.

The java.awt.Graphics2D packageusesdoubleprecisioncoordinatesandvaluesfor

all its components.This is animprovementon JoelBartlett's Ezd package,which usedinteger

coordinates,sinceit wasimplementedin Java 1.0. This wasfrustratinglyinaccurate,requiring

calculationsto berounded.This roundingcausesa lackof accuracy andcausederrorsin geome-

try calculations.For example,rotatinganarrowheadin integerprecisioncausesthecoordinates

of the arrowheadto deform and contort. Using doubleprecisionin calculationsreducesthe

magnitudeof roundingerrors.



Chapter 2

Glyphics

This is the next generationEzd package.Glyphicsis a hierarchalgraphicsdisplaylibrary, all

operationsuponGlyphicsobjectsarethroughthis hierarchy. This library is simpleuse,because

all graphicsobjectsbehave in thesamemanner. Glyphicstakesadvantageof theimprovements

to the Java languagesinceEzd wasimplemented.With this package,somecustomGlyphics

objectsareimplementedto handlemorecomplicatedgraphicsobjectslike text andimages.

2.1 The Glyphish Hierar chy

In ourapproachtherootclassof all thingsglyph-likeis theabstract classGlyphish . It has

threemainimmediateconcretesubclasses:theGlyph , theGlyphList , andtheClosureGlyph .

TheGlyphish classde�nes the interfacethateachof theconcretesubclassesrespondsto.

Creatingthis sub-typehierarchymakesit simpleto use,asall thingsof typeGlyphish behave

thesame.Thishierarchyis themeansfor all Glyph communicationandmanipulation.

Therearethreerelatedbut distinctaspectsto theGlyphish class:

1. How aGlyphish instancedepictsor portraysitself graphically.

Glyphish

Glyph GlyphList ClosureGlyph

Figure2.1: TheGlyphicshierarchy

4



2.1. THE GLYPHISHHIERARCHY 5

2. How aGlyphish instancehandlesinputeventsfrom thekeyboardandmouse.

3. How aGlyphish instancepositionsor transformsitself.

All theseoperationsarecontrolledby theencompassingcontainmenthierarchy, wewill post-

ponediscussionof thecomponenthierarchyuntil a chapter3. Theconcretesubclassesdiffer in

their implementationof thesecommonfeatures,andwe will touchon thedifferences,oncewe

haveexplainedthesimilarities.

2.1.1 Glyphish

We will begin by describingthe baseGlyphish class,this classis the basisof all the other

Glyphclasses.

Glyphish is composedof four abstractmethodswhich control the way objectsof type

Glyphish are painted,transformedand respondto events. Thesemethodsmust be imple-

mentedin any concretesub-classof Glyphish . The most importantof the abstractmethods

is:

void abstract paint(Graphics 2D g2d)

Which is responsiblefor paintinganinstanceof aGlyphish sub-classto thescreen.Since

many objectsaredrawn differently, this is wherethesedifferenceswill beimplemented.

Eventdetectionin aninstanceof Glyphish is achievedwith:

boolean abstract inside(Point2D point)

Which returnstrueif thepoint is containedwithin theinstanceof Glyphish .

For easeof manipulation,Glyphish instanceshave anassociatedRectangle2D object

whichdecribestheir sizeandposition

public abstract Recangle2D getBounds()

ThisRectangle2D canbeusedin transformcalculations,eventhandling,or if thesizeand

positionof aGyphish instanceneedsto beknown.

Themethodusedfor moving andtransformingGlyphish instancesis:

void abstract transform (AffineTransfor m a)
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ManipulatingGlyphish instancesis achievedby usingthis methodto apply af�ne trans-

formations(e.g. translating,rotating,shearing,andscaling)to theinternalrepresentationof the

Glyphish instance.To simplify af�ne transforms,� veconveniencemethodsareprovided:

void rotate(double thetaRad)

void rotate(double thetaRad, double x, double y)

void scale(double x, double y)

void shear(double x, double y)

void translate(doubl e x, double y)

whichenableoneto transformaGlyphish instancewithouthaving to �rst constructthecorre-

spondingAffineTransform object.TherotatemethodsareusedtoeitherrotateaGlyphish

instancearoundits centreor arounda point. A scaleandshearof onedoesno transforming.

TranslatingaGlyphish instanceis relative to to its position.All transformsarerelative.

As well asthefour abstractmethods,Glyphish classimplementseachof theInput event

listenerinterfaces:MouseListener , MouseMotionListener ,andKeyListener , all of

thepackagejava.awt.event . Any othereventscouldeasilybeimplementedin sub-classes.

For eachmethodin thelistenerinterfaceaGlyphish instancehasaClosure objectasso-

ciatedwith it. For example,in thecaseof the

public void mouseClicked(java.awt.event.Mou seEve nt e);

methodof theMouseListener class,theGlyphish classhasthe�eld

private g2d.jlambda.Closure mouseClickedAction;

This closurewill have arity 2, and usesLuca Cardelli's trick of having a self argumentto

implementJava's this pointer. Calling the mouseClicked methodwould result in the

clickedAction closurebeingappliedwith

clickedAction.applyClosure(thi s, e);

wherethethis pointeris theGlyphish instancethatis respondingto the

java.awt.event.MouseEvent instancee.

Thesetwo methodshelpGlyphish instancesassociateclosuresto eventsin JLambda:

void setKeyAction(in t type, Closure fun)

void setMouseAction( in t type, Closure fun)
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which dynamicallysetsan action (fun ) to an event (type ). The type argumentcorre-

spondsto theeventsidenti�ers, i.e. MouseEvent.MOUSE_CLICKED and

MouseEvent.MOUSE_DRAGGED.

2.1.2 Glyphish's dir ect sub-classes

The direct sub-classesof Glyphics are Glyph , GlyphList and ClosureGlyph . The

Glyph classis anatomicsubclassof Glyphish . It candraw a singleShape object,accord-

ing to Glyph's private�elds fillColor , borderColor andStroke . A GlyphList

is a compositesubclassof Glyphish , it consistsof an orderedlist of Glyphish instances.

This is GlyphList's only �eld, the actualdrawing is achieved by the contentsof the list.

ClosureGlyph is themostdynamic,it requiresclosures[2] to implementall themethodsre-

quiredby theGlyphish API. It provides,in essence,a way of de�ning Glyphish instances

whosemethodsarede�ned at runtime,ratherthanat compiletime.

Painting

Glyph objectsdraw themselvesaccordingto theirprivate�elds; java.awt.Shape , �ll colour,

bordercolour andStroke . Any changeto these�elds will appearwhen the instanceis re-

painted.All paintingis appliedto theGraphics2D instance.A Graphics2D objectdraws

by settingits Stroke andcolour, thentheShape is drawn or �lled.
Glyph's implementationof theabstractpaintmethodfollows:

public void paint(Graphics 2D g2d) {
if((fill != null) && (shape != null)) {

g2d.setColor(f il l) ;
g2d.fill(this. sh ape) ;

}
if(border != null) {

g2d.setColor(b or der) ;
g2d.setStroke( st ro ke );
if(shape != null){

g2d.draw(this. sh ape );
}

}
}

A GlyphList iteratesthroughandpaintseachGlyphish elementin its list, henceimple-

mentingthepaintersalgorithm.
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TheClosureGlyph respondsby applyingit' s

private g2d.jlambda.Clos ur e paintClosure;

�eld to theappropriatejava.awt.Graphics2D object.

Events

To handleevents,theGlyphish hierarchyrequiresanencompassingobjectto listenfor events,

this is implementedasIOPView . For the IOPView to determinewhethera Glyphish in-

stanceis thedesiredtargetof anInput eventtheabstract method

public abstract boolean inside(java.awt.geom.Point2D p);

of theGlyphish classis used.

TheGlyph classimplementsthisby usingit' s java.awt.Shape 's �eld corresponding

public boolean contains(java.awt.geom.Point 2D p);

method.

The GlyphList instanceimplementsthis by iterating throughits list of Glyphish el-

ementscalling eachelement's inside method,returningtrue if onereturnstrue , elseit

returnsfalse .

TheClosureGlyph respondsby applyingit' s

private g2d.jlambda.Closure insideClosure;

�eld to theappropriatePoint2D object.

Transformation

AffineTransforms canbeappliedto subclassesof Glyphish

Glyph instancesapplytheAffineTransform to it' sShape object.This createsa new

Shape objectwhich is storedin theGlyph instance.

For GlyphList instances,the AffineTransform is appliedto eachGlyphish ele-

mentconatinedin its list. While theClosureGlyph simplyappliesthetransformto

private g2d.jlambda.Closure transformClosure;
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2.2 How to useGlyphics effectively

Thereare a numberof ways to createdisplayableobjectswith the Glyphics hierarchy. If

the object is simpleanddoesnot requirecustomeventsor othercustombehaviour, it is best

to createan instanceof Glyph or GlyphList . Many geometricshapescanbe createdwith

the java.awt.Shape interface,andmany morecanbe createdby combiningGlyphs in a

GlyphList . If thedisplayableobjectneedsextra properties,it is bestto sub-classGlyph or

GlyphList .

ThissimpleexampleextendstheGlyph classto createaRectangleGlyph .

public class RectangleGlyph extends Glyph {
private Color color;

public RectangleGlyph( double x, double y, double width,
double height, Color color) {

this.color = color;
Rectangle2D rect = new Rectangle2D.Dou bl e( x, y, width, height);
setGlyph(rect, this.color, null);

}

public static void main(String[] args){
IOPView view = new IOPView();
IOPFrame frame = new IOPFrame("Rect ang le Gl yp h" , view);
RectangleGlyph rect = new RectangleGlyph (2 0, 30, 100, 40, Color.red);
view.add(rect);
frame.setVisible (t ru e) ;
view.repaint();

}
}

Themainof thisexamplecanbereplicatedin JLambda asfollows(thepathof the

RectangleGlyph mustbeknown to theJLambda interpreter):

(let (
(red java.awt.Color. re d)
(view (object ("g2d.swing.IOP Vi ew") ))
(frame (object ("g2d.swing.IO PFra me"

"Rectangle example" view)))
(rect (object ("RectangleGlyp h" (double 20)

(double 30)
(double 100)
(double 40)
red))))
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(seq
(invoke view "add" rect)
(invoke frame "setVisible" (boolean true))
(invoke view "repaint")))

2.3 SpecialisedGlyphs

Somespecialisedglyphsareprovided to handlemorecomplicatedgraphicaltasks.Thesespe-

cialisedglyphsdeviate slightly in the way they arepaintedfrom regular glyphs. However the

differenceskeepin line with thestructureanddesignof thebaseGlyphicshierarchy.

2.3.1 TextGlyph

Almost all graphicalapplicationsneedtext to be ableaddlabelsandotherwritten information

to the display. TextGlyph is a specializedGlyph object (seehierarchyimage2.2) which

displaysaligned,anti-aliased1 text, whichcanbeseenin images2.4and2.3.TextGlyph works

by overriding theGlyph class's paintmethod. In a normalglyph theoutline of the contained

Shape is drawn andpossibly�lled with acolour. But in TextGlyph this causesthetext to be

unreadable.TextGlyph's paintmethod�lls thetext's Shape, anddoesnot draw its outline.

Althoughthiscreatesafastimplementationof atext glyph,thetext is still pixelated,andbecomes

dif�cult to readat smallsizes.Anti-aliasingthewholeGraphics2D objectwasnot practical,

sincethissloweddowneachredraw to anunacceptablelevel. But,anti-aliasingjust thetext wasa

viablesolution,thisoptionprovidedclean,easyto readtext withoutahugecostto performance.

TextGlyph's performanceis affectedby applying the anti-aliasingoption, the cost of the

performanceslow down is acceptable,becauseof how cleanthe text looks. The performance

issuemay only becomea problemwhenlarge massesof text aredisplayed. A demonstration

of TextGlyph's performancecanbeseenin theaf�neTransformdemo[7], in thisanimation,

a TextGlyph is warped,translatedandrotatedvia Glyphish's af�neTransforminterface.

Thespeedof theanimation,evenasthetext stringgetslarge,shows theef�ciency andspeedof

TextGlyph's paintmethod.

Hereis thecodefor themodi�ed paintmethod.

public void paint(Graphics 2D g2d){
g2d.setRendering Hi nt (R ender in gHin ts .KE Y_ANTI ALIAS IN G,

1Anti-aliasingis theremoval of on-screenpixelationby drawing partially �lled pixelslighter thannormalpixels
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Glyphish

Glyph

TextGlyph

GlyphList ClosureGlyph

Figure2.2: Glyphicshierarchywith TextGlyph

Figure2.3: Anti-aliasedtext.

Figure2.4: Thesametext without anti-aliasing.

RenderingHints .VA LUE_ANTI ALI AS_ON) ;
Color filling = getFill();
if(filling != null) {

g2d.setColor(f il li ng);
g2d.fill(getSh ape( )) ;

}
g2d.setRendering Hi nt (R ender in gHin ts .KE Y_ANTI ALIAS IN G,

RenderingHints .VA LUE_ANTI ALI AS_OFF);
}

EachTextGlyph canbealignedrelativeto aboundingbox,or point. Theboundingrectan-

gleof theTextGlyph is usedto positionthetext relative to theinsideor outsideof abounding

box. Alignmentoperationscanbeappliedtogetherto form compoundalignment,for example,

a TextGlyph canbepositionedin thecenterof, but on top of a givenboundingbox by apply-

ing boththealignCenter andthealignOnTop operations.ThealignCenter operation

alignstext to the centerof the Rectangle horizontallyvertically. The boundingbox canbe

theboundsof anotherGlyph which makesit simpleto align text relative to otherGlyphish

objects.TextGlyph's font, size,andfacecanbesetwith appropriatesetters,providing full

featuredtext control.

In thefollowing example,sometext is goingto bealignedsoit lookslike image2.5.Thetext
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Figure2.5: Somealignedtext

andbox objectshave alreadybeeninitialized. As you cansee,alignmentscanbecombinedand

thetext canbealignedrelative to theinsideof thebox,outsideof theboxor centeredatapoint.

In this exampletopcenter andtopoint areTextGlyphs andboxesareobjectswith

apublic Rectangle2D getBounds() method,whichcouldbeGlyphish instances.

(invoke topcenter "alignTop" (invoke box1 "getBounds"))
(invoke topcenter "alignCenter" (invoke box1 "getBounds"))

(invoke topoint "alignToPoint" (object ("java.awt.geom. Poin t2 D$Doubl e"
(double 250) (double 300))))

2.3.2 SubTextGlyph

Someapplicationsneedsub-scriptsand super-scripts to properly display mathematicaltext.

SubTextGlyph is an extensionof TextGlyph (seehierarchyimage2.6) which displays

anti-aliasedtext with a TeX like syntaxfor subscriptsandsuperscripts.For example,Aˆ{23}

displaysA23 andG_{12} displaysG12. They canbenestedlike so,Aˆ{G_{12}} . Theinput

stringis parsedwith asinglerecursivemethod,whichcaneasilyhandlenestedsubscripts.

Like TeX, SubTextGlyph doesnot supportsubscriptsof subscripts(i.e. A_B_C). When

thiserroris encountered,SubTextGlyph stopsparsingthestring,displaysanerrormessageto

standarderror, andcreatesanddisplaystheglyphup-totheerror. A demonstrationis available[8]

showing SubTextGlyph in its recursive glory, it alsoshows thehandlingof the subscriptof

subscripterror. Thereis asoft limit onhow many nestedsubscriptsaSubTextGlyph canhave,

sincetext sizesbelow onepointarenotsupportedby Java'sFont class.
Thisis theJLambdaformof theSubTextGlyph constructor. ThecreatedSubTextGlyph

lookslike image2.7.
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Glyphish

Glyph GlyphList

SubTextGlyph

ClosureGlyph

Figure2.6: Glyphicshierarchywith SubTextGlyph

Figure2.7: SubTextGlyphcandisplaynestedsub-scripts.

(text (object ("g2d.glyph.Su bTex tGl yp h"
"This_{text_{ke eps_{ gett in g_{smal le r_ {a nd_ {s mall er }}} }} }"
(int 64))))

This is the java form of the SubTextGlyph constructor. The createdSubTextGlyph
lookslike image2.7.

SubTextGlyph text;
text = new SubTextGlyph(

"This_{text_{ke eps_ {ge tt in g_{s mal le r_
{and_{smaller}} }} }}" , 64);

Onceconstructedtheseobjectsneedto beaddedto anIOPView to bedisplayed.

Glyphish

Glyph GlyphList ImageGlyph ClosureGlyph

Figure2.8: Glyphicshierarchywith ImageGlyph
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2.3.3 ImageGlyph

Imagescanbeaddedto a graphicalapplicationto displayobjectswhich otherwisecouldnot be

createdwith aShape object.ImageGlyph allows imagesto beusedto createGlyphish in-

stances,whichcanbedrawnby theGlyphicshierarchy(seehierarchyimage2.8). ImageGlyphs

aredifferentfromotherGlyphs , astheinternalstoragetypeof ImageGlyph is notaShapeob-

ject,but a java.awt.image.BufferedImage . This requiresa differentconceptof paint-

ing, transforms,andboundmanagement.EachImageGlyph maintainsits own transformob-

ject,thishelpsin calculatingtheimageboundsonceit hasbeentransformed.TheImageGlyph

implementationof Glyphish's abstractpaint methoddraws the BufferedImage to the

Graphics2D object.An AffineTransformOp linearly mapstheimageto thecoordinates

of the Graphics2D object. Linear mappingsincludenearestneighbourandbilinear interpo-

lation. Nearestneighbourinterpolationcausesthe imageto becomepixelated(seeimage2.9),

whilebilinearinterpolationblursimagepixelstogether(seeimage2.10),similartoJPEGimages.
Hereis thesourcefor themodi�ed paintmethod.

public void paint(Graphics 2D g2d){
AffineTransformO p ao;
ao = new AffineTransform Op( tr ansf or m, interpolationTy pe);
g2d.drawImage(bI mage, ao, 0, 0);

}

This is theJLambdaform of theImageGlyphconstructor.

(image (object ("g2d.glyph.Imag eGly ph"
"Images/Flight Contr ol Panel. gif ") ))

This is theJava form of theImageGlyphconstructor.

ImageGlyph image;
image = new ImageGlyph("Im ages/ Fl ig ht Contr ol Panel. gif ") ;

2.3.4 AnimatedGlyph

AnimatedGlyph isamulti-stateimageobject.AnimatedGlyph is verysimilarto ImageGlyph

(seehierarchyimage2.11).Theanimationis achievedby storingalist of BufferedImageobjects,

andpaintingcertainelementsof the list whenrequested.Thecurrentimplementationhasa lin-

earsequence,but couldbeusedwherea multiple stateImageGlyph is required.Creatingan

AnimatedGlyph is similar to ImageGlyph , exceptthepathis to adirectoryof images.
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Figure2.9: Nearestneighbourinterpolationpixelatestheimage.

Figure2.10:Bilinear interpolationblurseachpixel.

Glyphish

Glyph GlyphList AnimatedGlyph ClosureGlyph

Figure2.11:Glyphicshierarchywith AnimatedGlyph



Chapter 3

Containment Components

For Glyphish objectsto handlepaintingandevents,thereneedsto be an enclosingcompo-

nent.IOPView is thetop level containerof theunderlyingGlyphishobjects.It directly utilises

Glyphish's paintmethods,theview controlswhenandhow thecontainedGlyphishhierarchyis

painted.TheIOPView canzoomits displaywith anAffineTransform instance.It controls

how mouseandkey eventsaredirectedto the underlinghierarchy. IOPView is composedof

many sub-components,the corecompontentis the IOPComponent , which actuallycontains

anddraws Glyphish instances.IOPView canincludean optional IOPScrollPane , and

IOPToolBar for addedfunctionality. Creationof anIOPView's toolbarandscrollpanecan

beachievedwith boolean�ags in IOPView's constructor:

public IOPView(boolean scrollbars, boolean toolbar)

IOPView forwardsmostoperationsto the underlyingIOPComponent independentlyof

whethera toolbaror scroll paneexists.

3.1 Painting

AlthoughGlyphics hasawell de�ned paintinghierarchy, it cannotdisplayitself to thescreen

without anenclosingobjectto controlwhenthepaintingwill occur. Thecontainmenthierarchy

is responsiblefor paintingits contentsto thescreen.IOPView containsaGlyphList instance

variablewhich storesthe objectsto be displayedto the screen.IOPComponents areexten-

sionsof javax.swing.JComponents and its subclasses,so drawing is controlledby the

16
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protected void paintComponent(Graphics g) method.ToutiliseJComponent's

doublebufferedpaintinghierarchythismethodneedsto beoverridden.

public void paintComponent (Grap hi cs g) {
Graphics2D g2d = (Graphics2D)g;

g2d.setColor(get Back gr ound( )) ;
g2d.fillRect(0,0 , getWidth(), getHeight());
g2d.setColor(get Fore gr ound( )) ;

g2d.transform(zo omTr ans) ;
glyphList.paint( g2d) ;

}

In our IOPComponents , this methodpaintsthe background,this is explicitly required,

otherwisethe backgroundstaysgrey. After the backgroundis painted,the zoomtransformis

appliedto the Graphics2D object. Thenthe GlyphList is painted. This usesthe custom

Glyphicshierarchyto ef�ciently draw any numberof Glyphs to thescreen.

3.2 Zooming

In theJComponent hierarchyobjectsaredisplayedto thescreenusingaGraphics2D object.

Whenan object is painted,it is paintedon this Graphics2D object. Controlling this object

directly controlswhat is displayedto thescreen.TheGraphics2D objectcanbetransformed

with af�ne transforms.

Zooming scalesthe Graphics2D object, ratherthan scalingeachGlyph , this doesnot

changetheoriginal Glyphish instance,only how it is displayed.Zoomingthis way requires

a mappingfrom the storedrepresentationof the GlyphList to the displayedrepresentation

of theGraphics2D object. This is easilyachievedwith theuseof af�ne transformsandtheir

inverses.The zoomtransformis storedso it canbeappliedto theGraphics2D objectevery

time theview is painted.This is a very ef�cient methodto zoomtheview becauseit doesnot

requireadoubletraversalof theGlyphList (onefor thetransform,andonefor theredraw).

Whenzooming,the view ensuresthatmouseeventsget mappedto thecorrectGlyphish

instance.This mappingis implementedby creatingan inverseof the zoomtransform,which

mapsthemouseevent'scoordinatesto theoriginalGlyphish instance.

Whentheview is zoomed,it is necessaryto maintainthepreferredSize of the

IOPComponent . The preferredSize of a componentis usedto calculatethe rangeof
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the scrollbarsin a scroll pane. This is implementedin IOPComponents checkSize()

method,which is calledeachtime the scrollbarsneedto be updated. The implementationis

simple,thenew sizeof thecomponentis calculated,andsetwith setPreferredSize(...)

andthe scrollbarsareupdatedwith revalidate() . Mousewheelzoomingis built into the

IOPComponent class,providing afastandeasywayto zoomin andout (providedtheuserhas

anappropriatemouse).

3.3 Sub-Components

3.3.1 ToolBar

A basictoolbar was requiredto handleIOPView's built-in zoomingcapabilities(zoom-in,

zoom-out,andzoom-to-�t). Thistoolbarcanbeaddedto theview with abooleanvaluepassedto

theconstructor. IOPView hastheability to addIOPButtons to thebasictool bar, eitherafter

theexistingbuttons,or atanspeci�c location.Whichenablesastraightforwardwayto addextra

buttonsasthey areneeded.Thesebuttonscanprovide applicationspeci�c features.Thereare

two goodexamples[9] [10] showing theuseof thetoolbarandotherIOPComponent features.

3.3.2 Scroll Pane

Whentheview is zoomed,or theview is large,sectionsof theview canbeoutsideof thewindow,

soscrollbarsareneededto navigatearoundtheview. Scrollbarscanbeaddedto a view with a

booleanvaluepassedto theconstructor. While zoomingwith scrollbars,it maybenecessaryto

centertheview uponaspeci�c graphicalitem,this canbeachievedwith;

public void centerOn(Glyphish g) or

public void centerOn(Rectangle2D r) .

Thesemethodswill centertheview upona Glyphish objector to a Rectangle2D .

3.3.3 Buttons

g2d.swing.IOPButton is aconvenienceclass,IOPButton's constructoris simple;

IOPButton(String image, String tooltip)

image is thepathto animagecontainedin theGlyphics package,or a regularpathto an

image,or thebuttonslabelif theimagedoesnotexist in thepreviouslycheckedlocations.



Chapter 4

Graphs

The graphpackageis a specialisedapplicationof Glyphics , which provides an interactive

graphicalrepresentationof an underlyingstructure.The displayedgraphis drawn cleanlyand

ef�ciently to the screenwith the new Glyphics library. The graphobject, like all glyphs, is

displayedin an IOPView , which is a classdesignedto provide two-way interactionwith the

containedglyph object. The graphis displayedin a pleasing,easyto readmanner, andis ca-

pableof acceptingeventsto control,query, andmanipulatethe graph. Thecombinationof the

graphhierarchyandIOPView , allows the dynamiccreationof interactive graphs,wrappedin

aninteractivegraphicaluserinterface.

4.1 Object Model

ObjectOrientedlanguagesareperfectlysuitedto representinggraphs.Theconceptsandforms

of theoreticalgraphconceptscanbe applieddirectly to the ObjectOrientedparadigm. Each

nodeandedgecan be representedas an uniqueobject with its own speci�cations. Dif ferent

objectrepresentationsof graphscanbeused,dependingon whatis requiredof thegraphobject.

IOPGraph

IOPNode IOPEdge

IOPSpline

Figure4.1: A ”composedof” hierarchyfor thegraphclasses
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An adjacency list or matrix canbe usedto representthe graph,which providesfastaccessof

connectednodesfor usein traversalalgorithms.This cannotbetheonly internalrepresentation

of the graph,becausein this form the edgeobjectsarenot speci�ed, so how canthe edgesbe

drawn? This canbe an alternateform of the graphto improve ef�ciency of graphtraversalor

path�nding algorithms.

In an objectorientedlanguagelike Java, whena complicatedcomponentis createdout of

many objects,therelationshipsbetweentheindividualobjectswill formagraphstructure.Which

could be the conceptualbasisof the structureof graphobjects,this structureis much slower

to traversethan a single list of graphelements. In its currentform, the ArrayLists used

for the GlyphList could be replacedby an object of interfacetype Collection , then a

GlyphList structurewhichmimicsthestructureof thegraphcouldbeimplemented.Traversal

of theGlyphList will needto becompletedevery time IOPView requestsa redraw, or other

globalgraphoperation.If thestructureis complicated,traversalcouldbeslow.

In our casewherethegraphobjectneedsto bedrawn in anIOPView with theGlyphics

packageand processedby a layout renderer, the bestrepresentationfor a graphis a linearly

accessableCollection of nodesandedges.This way, Collections of nodesandedges

canbeuseddirectly to createthedot input �le. Thedotoutput�le is alsoin node/edgelist form,

so the nodesandedgescanhave positionandotherattributessetwhenthe graphis layedout.

Drawing compoundglyph objectswith theGlyphicslibrary requirestheglyphsbein a linearly

accessablelist.

4.2 Graph Components

4.2.1 Nodesand Edges

Thenodeandedgeclassesareonly reallyusedfor controlof eventsandthegraphicalrepresenta-

tion of graphs.Nodesandedgeshaveattributesto controlthewaythey aredrawn. Theattributes

areStringsto becompatiblewith dotandthelayoutparser.

Whenanedgeis drawn, with dot [11] astherenderer, it is drawn asa seriesof cubicspline

curves. IOPSpline createsa singlecurve from a seriesof cubic splinecurves. The spline

curve is sentto IOPSpline asanarrayor vectorof pointsin theform:

[<spline segment startpoint> <ctrl pt 1> <ctrl pt 2>

<spline segment endpoint> <ctrl pt 1> ....]
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Note that theendpointof onecubicsplinecurve segmentis thestartpoint for thenext, one

splinecurve �o ws seamlesslyinto the next. This allows any numberof complicatedcurvesto

be drawn asgraphedges.So our graphicalrepresentationof the graphcandisplay the edges

generatedby dot,whichbendaroundnodes,otheredgesor anythingelsein theway.

4.2.2 Graph

Theinternalrepresentationof thegraphobjectsarestoredastwo HashMaps, onefor nodes,the

otherfor edges.Eachnodeor edgeis referencedin thegraph's hashmap's by its uniquename.

Thisuniquenameis very importantsinceit is how thelayoutrendererdistinguishesbetweenand

locatesgraphelements.

Creationof anIOPGraph objectis via its defaultconstructor. Nodesandedgescanbeadded

andremovedwith:

void addNode(IOPNode node)

void addEdge(IOPEdge edge)

void rmNode(IOPNode node)

void rmEdge(IOPEdge edge)

Oncethe graphis createdandcontainssomenodesandedges,the graphcanbe rendered

with:

void doLayout()

This methodpositionsthe nodesandedgesby creatingan input �le for dot, andprocesses

this �le with dot.

The graphobject is sentto the layout parser, andthe dot output �le is parsed.Whenthis

methodis completedthenodesandedgesshouldbepositionedasdotspeci�ed.

Nodescanbeselectedandde-selectedby using:

void toggle(IOPNode node)

which togglesthenodescolour, andaddsor removesit from thelist of selectednodes.

Selectionof graphelementsenablesthe graphto be edited. The implementationof graph

editing is designedto be usedwith mouseevents. Adding a nodeis the simplestof the graph

editingoperations,createa nodeat thepositionspeci�ed, andaddit to thegraph. Creatingan

edgerequirestwo nodesto beselected,andacall to:
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public void createEdge()

which will createanedgebetweenfrom the�rst selectednodeto thesecondselectednode.

This methodchecksthenumberof selectednodes,soanedgecanonly becreatedif andonly if

therearetwo selectednodes.Removal of nodescanbeachievedwith;

public void removeSelectedN odes ()

Which will removetheselectednodeandits connectededges.

Selectionalsoprovidesthemeansfor zoomcontrol,thezoomtofit() methodof IOPView

usesthegraph'sgetBounds() methodto calculatetheregion to zoomto. Thegraphsbounds

is eitherthewholeboundof thegraph,or theboundsof theselectednode(s).

After alteringagraphelementsattribute,thegraphneedstoberedrawntodisplaythechanges.

See [12] for a simple exampleof graphcreationand layout. Also see [10] for a more

complex exampleinvolving thegrapheditingcapabilities.

4.3 Display

Thegraphclassis anextensionof Glyphics'GlyphList class,whichis acompoundglyphthat

cancontainmany Glyphs which aredrawn asone. Whenever any graphelementis addedto

thegraphtheinternalGlyphList objectis updatedsothenew elementwill bedrawn.

NodesandEdgesarealsoGlyphLists . A nodeis composedof thenodebase,whichcanbe

any shapede�ned in java.awt.Shape interface,an ImageGlyph , anAnimatedGlyph ,

or any otherGlyphish object.An edgeis composedof a cubicsplinecurve andone(or two)

arrowheads.Eachgraphcomponentis responsiblefor drawing itself; this is thebehaviour of all

Glyphish objects.

Careis requiredwhendesigninghow Glyphicsdraws thegraphobjects,soasto not create

anoverly complex Glyphicslist structure.If thelist structuremimicsthestructureof thegraph,

traversalof thegraphsGlyphList will beslow andinef�cient. SincetheGlyphLists paint

methodwill iterateinto lists of lists of lists... etc, this nestedtraversalwould be very slow for

large graphs.Having lists of lists createslist overhead,aseachlist objectcontainssomedata

which identi�es it asa list. As a result,�attening thegraph's GlyphList into a list of nodes

andedges,providessuf�cient usabilityandef�ciency.



4.4. THE LAYOUT RENDERER 23

Figure4.2: A graphwith nodesandedgespositionedby dot.

4.4 The Layout Renderer

Dot is a third party graphlayout program[11] [13], which implementsan ef�cient four pass

algorithmfor layingout directedandundirectedgraphs.Image4.2showsdot's layoutin action.

To usedot, a dot input �le needsto be createdwhich representsthe graph,andthenthe �le is

processedby dot. This createsanoutput�le which hasbeenattributedwith positionandlayout

informationfor eachnodeandedge.To beableto layoutgraphsde�ned by thegraphhierarchy,

weneedto createa layoutparser.

To implementajava-cup[14] basedparseraLALR (Look-AheadLeft toRight)[15] grammar

needsto beproduced.This grammarmustnot beambiguous.Theterminalsymbolsneedto be

identi�ed, asdo thenon-terminalsymbols.

Theparserusesasimplescannergeneratedby JLex [16] to readthroughtheinput �le . As it

encountersgraphelements(nodes,edges,or sub-graphs),they arematchedto thecorresponding
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IOPGraphelement,theposition,colour, size,etcattributesareupdatedanddrawn asdot spec-

i�es. Nodesaresimply movedto their correctposition. Edgesaredrawn at rendertime, in the

caseof dotbeingtherenderer, theedgesarecreatedascubicsplinecurves.

Semanticactionsneedto augmentthe grammar. Thesesemanticactionswill de�ne how

graphelementswill be handled.For our applicationasa graphrenderer, theparser's semantic

actionsaregoingto beinvolvedwith settinggraph,nodeandedgeattributes.A semanticaction

which is not part of the grammaris thecreationof the attribute list. The attribute list matches

attributenamesto attributevaluesfor a graphelement.It is usedto extract thevaluesof graph

elementattributesfrom thedotoutput�le.

LALR GrammarFor Dot with SemanticActions

DotGraph ::= OptStrict GraphType OptName LBRACE StmtList RBRACE
OptStrict ::= STRICT | null
OptName ::= ID | null
GraphType ::= GRAPH| DIGRAPH
StmtList ::= Stmt OptSemi StmtList| null
Stmt ::= AttrStmt

| NodeStmt
| EdgeStmt
| ID EQUALSID

OptSemi ::= SEMI | null
AttrStmt ::= GRAPHAttrList

semantic action: create graph if necessary,
set graph's width and height

| NODEAttrList
| EDGE AttrList

AttrList ::= MakeAMap LSQUAREOptAList RSQUARE
OptAttrList ::= AttrList | null
MakeAMap ::= null

semantic action: create hashmap
AList ::= OptAList OptComma ID EQUALSID

semantic action: add element to hashmap
OptAList ::= AList | null
OptComma ::= COMMA| null
NodeStmt ::= ID OptAttrList

semantic action: create or move node,
setting attributes if necessary

EdgeStmt ::= ID TO ID OptAttrList
semantic action: draw edges,

setting attributes if necessary

The semanticactionsneedto be implementedasembeddedjava codewithin the java-cup
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parserimplementation.Thesesemanticactionswill be addedto the generatedparserby java-

cup,to provide thegraphcreationandlayoutcapabilitiesof theparser.

4.4.1 Problems

Therearesomeproblemsinvolvedwith dot beingthe graphrenderer. If graphis dynamically

createdandaftereachadditionto thegraphthegraphis re-layed-outthegraphwill changeform,

quitedrasticallyin somecases.This will becomeparticularlyconfusingto userswhenthey are

trying to analysea graph. The graphwill continuallychangeform, andany bene�t gainedby

usingthis softwarewill belost,sincethegraphdoesnotmaintainits layout.

Speci�cally positioningthenodesin theinput �le hasno effect,asthesevaluesareignored.

Usingsubgraphsto try and�x thepositionof a portionof thegraphhasno effect either, asthe

layout algorithmdot usesmustbe global. Even breakingthe graphinto adjacentlyconnected

subgraphs,hasno effect in maintainingthegraphsintermittentlayout. In dot, a nodesrankcan

besetrelative to othernode(s),this providesvery limited methodsto controlthegraph's layout.

An edge's weightcanbeset,which will only have theeffect of placinga nodecloserto another

node

Anothergraphrenderer, DaVinci cannotbeusedto rendererourgraphobject,sinceit cannot

returnanattributedgraphrepresentation.It couldbeusedasourgraphicsactor, but it would not

provide thecapabilitiesandfeaturesthatwe require.

4.5 Event Handling

This graphutilisestheeventsystemfrom JLambda andGlyphics,which enablesdynamiccre-

ation of event handlersto passeventsto the appropriateGlyphish instance.Eventscanbe

createdandhandedcompletelyfrom within theJLambda code.Or theeventcanbehandledby

theglyph itself.

4.6 JLambda

The graphpackagewasdesignedto be usedwith JLambda, aswell asbeingusedasnormal

objects. JustasJLambda cancreateany Java objectat runtime,JLambda cancreatea GUI

with toolbar, menubar, andcontaininggraphobject.Creation,manipulation,andeventhandling



26 CHAPTER4. GRAPHS

methodsareall designedto beassimpleaspossiblein orderto minimisethenumberof methods

whichneedto beinvokedto achieveagoal.



Chapter 5

Applications

AlthoughtheGlyphics packagewasdesignedwith a speci�c purposein mind, it canbeused

in many applications.As well asthepathway logic actor, a few extra exampleswereproduced

to testthe functionalityof the graphicspackageduringdesign.Theseextra examplesnot only

show how to usethe Glyphics packagein the JLambda environment,but have helpedin

trackingbugsandotherstrangebehaviour. This examplewill needto berunwith theJLambda

interpreter.

$ jlambda path/to/script.lsp

5.1 Pathway Logic Assistant

The Pathway Logic Assistant(PLA) [17] is the main applicationof the Glyphics package,

andis beingproducedby CarolynTalcott. PLA utilisesthegraphpackageandthecomponent

hierarchyto createan interactive graphicalfront endto the IOP andIMaudesystemto analyze

biologicalreactionnetworks.

5.2 Sketchpad

Thesketchpad[9] is a simplescribbleprogramwritten in JLambda. Thecolourof theline can

be changedby clicking on the drawing canvas,or with the button. The sizeof the line canbe

increasedanddecreasedwith thebuttons.A small info pop-upcontainingthewidth of the line

27
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canbe displayedby clicking the info button. All of theseaspectsmakesit a goodexampleto

demonstratethefunctionalityof JLambda andtheGlyphics package.

5.3 Af�ne Transform Demo

The af�ne transformdemo[7] is written in JLambda. In this demoa TextGlyph is animated

with asequenceof af�ne transforms.Thisdemocanbeusedto testtheaf�ne transforminterface

of any new Glyphs,thedemocanbealteredto transforma simpleshape,or anAnimatedGlyph

Af�ne transformscanbecombinedto createcompoundtransforms,with this rangeof manipula-

tion Glyphscanbealteredandmovedeasilyaroundthescreen.



Chapter 6

Conclusion

The Glyphics hierarchyis an effective way to producehigh quality interactive graphicsob-

jects.

Glyphics is a clearimprovementuponJoelBartlett's Ezd. Glyphics provesa simple

interfacefor producinggraphicsin the Java's Graphics2D environment. It alsoimplements

Java's new eventsystemto easilycreategraphicalobjectswhich respondto events.Glyphics

implementstext andimagesto enablea wide rangeof graphicalobjectsto be createdanddis-

played.

Glyphics' transformAPI provides a fast and ef�cient way to manipulateGlyphics

instancesin doubleprecision.

Glypyhics' componentsprovide a simpleandeffective way to displayandinteractwith

Glyphics instances.Thesecomponentshavebuilt in zoomingcapabilities,which improvethe

way large graphicalobjectsare viewed by the user. The view automaticallycapturesevents,

makingit straightforwardto addeventsto aGlyphish instance.

Theapplicationsin this thesisshow a wide rangeof applicationsfor theGlyphics hierar-

chy. And many morearepossible,sincetheGlyphics hierarchyis easilyextendedto exhibit

any behaviour thatis required.
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