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Chapter 1
Intr oduction

Many applicationgequirean easyto useinteractve graphicspackagdo displayinformationto
thescreen An interactve graphicsgpackages perfectfor displayinginternally complex data,so
lessskilled userscananalyseandmanipulatehe data.

Thereis alreadya packageavailablecalledEzd, written by JoelBartlettin Java 1.0, using
featuresavailablethen[1]. Ezd lacks someof the functionality requiredto creategraphics
objectsin thenew Java 2 ervironment. It is alsounableto easilyimplementaspectsequiredto
createandmanipulategraphobjects ik e translationrandrotationof compoundshapes.

A solutionis Glyphics  whichislooselybasediponJoelBartlett's Ezd,with somechanges
to improve the structuraldesignand utilise new Java features. Glyphics is designedo be
easilyextended socustomgraphicalobjectscanbe created.Thesecustomgraphicsobjectscan
be usedto displayall sortsof information.

This packagewas producedwith somespeci ¢ applicationsin mind, but hasbeendevel-
opedso it can be effectively usedin other graphicalapplications. The main applicationof
Glyphics is to be combinedwith JLambda, an easily parsedun time interpreted scheme
like languagg?2], to enabledynamiccreationof graphicalobjectsandadvancedgraphicaluser
interfaces.

1.1 JoelBartlett' sezd

JoelBartlett's Ezd is an easyto usegraphicsdraving package.With Ezd arbitrarygraphical
elementcanbecreateddisplayedo a screenandreactto events,anduserinput.
In Ezd, draving andeventcapturingis handledby anEzdView object. An EzdView draws

1



2 CHAPTER1. INTRODUCTION

it'scontainedslyphs by callingeachGlyph's paintmethod.In Ezd, aGlyph isresponsible
for drawing itself, typically as a sequenceof shapes. This painting methodimplementsthe
paintersalgorithm, colors are opaqueand new objectsmay obscurepreviously dravn objects.
Ezd's implementationof compoundglyphsis limited, and needsto mimic the behaiour of
Java's Collectioninterface with methoddik e; add,remove, clear size,etc.

The EzdView objectis responsibldor passinghe eventto the appropriateGlyph . Once
the eventhasbeencapturedit is up to the Glyph objectto handleit. The Ezd packagewas
developedusing the deprecatedlava 1.0 event model, which is basedon inheritance. For a
programo catchandprocessGUI events,it mustsubclasshe GUI componentandoverridetheir
eventmethods Eventsarealwaysdeliveredto componentsegardles®f whethetthecomponents
handlethemor not. Thisis considered severeperformanceroblem.

1.2 Java Developments

SinceJava1l.0,enhancementsave beenmadeto thelanguagevhich canbeusedto improve Joel
Bartlett's Ezd package.

1. Java's new eventsystem[3].
2. Swingandthe Graphics2Dpackagd4].

3. Af ne Transformgjava.awt.geom.AffineTransfor m [5].

Thejava.awt.Graphics2D classextendsthe Graphics classto provide moresophis-
ticatedcontrol over geometry coordinatetransformationsg¢olor managementandtext layout.
Formingthefundamentatlassfor rendering2-dimensionathapestext andimageg6].

With the newer 2D implementatiorof the java.awt.Shape interface,andJava’'s imple-
mentationsof the java.awt.Shape interface, mary geometricand compoundshapescan
be created. Shapescan be dravn to the screenwith a rangeof java.awt.Stroke s and
java.awt.Color s. Theseshapessupportaf ne transformswhich allows themto be eas-
ily manipulated.Glyphics alsoprovidesmary java.awt.RenderingHints which can
be usedto tweakthe performanceandquality of renderedbjects.

Java.awt.Graphics2D caneasilyandclearlydisplaytext to thescreen.The
java.awt.font packageéhasbeenimprovedto supportGraphics2D . High detail
java.awt.Shape  objectscanbecreatedrom Strings  whichcanberenderedo thescreen.
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When combinedwith the KEY_ANTIALIASING renderinghint, Graphics2D candisplay
clear unpixelatedtext. Imagesare alsoeasilyrenderedo the screenasa Bufferedimage
Althoughuseof Java's 10 classess requiredto readanimagesfrom le.

With the java.awt.geom.AffineTransform class,Shapeobjects,Imageobjects,
and even the graphicsobjectitself can be transformed. In fact almostanything you canren-
derusingGraphics2D canbe manipulatedby Af ne Transforms.Objectscanbetranslated,
rotated,shearedand scaled. Af ne transformsare simple and ef cient, makingit simpleto
manipulatea complex compoundshapeswhichis otherwisecomplicated.

The java.awt.Graphics2D packageusesdoubleprecisioncoordinatesandvaluesfor
all its componentsThisis animprovementon JoelBartlett's Ezd packagewhich usedinteger
coordinatessinceit wasimplementedn Java 1.0. This wasfrustratinglyinaccuraterequiring
calculationgo berounded.Thisroundingcauses lack of accurag andcausederrorsin geome-
try calculations.For example,rotatinganarrovheadin integer precisioncauseshe coordinates
of the arravheadto deform and contort. Using double precisionin calculationsreducesthe
magnitudeof roundingerrors.



Chapter 2
Glyphics

This is the next generatiorEzd package.Glyphicsis a hierarchalgraphicsdisplaylibrary, all
operationsiponGlyphicsobjectsarethroughthis hierarchy Thislibrary is simpleuse,because
all graphicsobjectsbehae in the samemanner Glyphicstakesadvantageof theimprovements
to the Java languagesinceEzd wasimplemented.With this package somecustomGlyphics
objectsareimplementedo handlemorecomplicatedyraphicsobjectslik e text andimages.

2.1 The Glyphish Hierar chy

In ourapproachherootclassof all thingsglyph-likeis theabstract  classGlyphish . It has
threemainimmediateconcretesubclassesheGlyph , theGlyphList , andtheClosureGlyph
The Glyphish classde nestheinterfacethateachof the concretesubclassesespondgo.
Creatingthis sub-typehierarchymakesit simpleto use,asall thingsof type Glyphish  behae
thesame.This hierarchyis themeandor all Glyph communicatiorandmanipulation.
Therearethreerelatedbut distinctaspectgo the Glyphish  class:

1. How aGlyphish instancedepictsor portraysitself graphically

Glyphish

/

Glyph GlyphList ClosureGlyph
Figure2.1: TheGlyphicshierarchy
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2. How aGlyphish instancehandlesnput eventsfrom thekeyboardandmouse.

3. How aGlyphish instancepositionsor transformstself.

All theseoperationsrecontrolledby theencompassingontainmenhierarchywe will post-
ponediscussiorof the componentierarchyuntil a chapter3. The concretesubclassediffer in
theirimplementatiorof thesecommonfeaturesandwe will touchon the differencespncewe
have explainedthe similarities.

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 ary concretesub-clasof Glyphish . The mostimportantof the abstractmethods
is:

void abstract  paint(Graphics 2D g2d)

Whichis responsibldor paintinganinstanceof a Glyphish  sub-clasgo thescreenSince
mary objectsaredrawn differently, this is wherethesedifferenceswill beimplemented.
Eventdetectionin aninstanceof Glyphish is achiezedwith:

boolean abstract inside(Point2D point)

Whichreturnstrueif the pointis containedwithin theinstanceof Glyphish
For easeof manipulation,Glyphish instancesave anassociatedRectangle2D object
which decribegheir sizeandposition

public  abstract Recangle2D getBounds()

ThisRectangle2D canbeusedin transformcalculationsgventhandling,or if thesizeand
positionof a Gyphish instanceneeddo beknown.
The methodusedfor moving andtransformingGlyphish  instancess:

void abstract  transform (AffineTransfor m a)
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ManipulatingGlyphish instancess achieved by usingthis methodto apply af ne trans-
formations(e.g. translating rotating,shearingandscaling)to the internalrepresentatioof the
Glyphish instance.To simplify af ne transforms, ve corveniencanethodsareprovided:

void rotate(double thetaRad)

void rotate(double thetaRad, double x, double vy)
void scale(double X, double )

void shear(double X, double )

void translate(doubl e X, double vy)

which enableoneto transforma Glyphish  instancewithouthavingto rst constructhecorre-
spondingAffineTransform object. Therotatemethodsareusedo eitherrotatea Glyphish
instancearoundits centreor arounda point. A scaleand shearof one doesno transforming.
Translatinga Glyphish  instances relative to to its position. All transformsarerelative.

As well asthefour abstractmethodsGlyphish  classimplementsachof thelnput event
listenerinterfaces:MouseListener , MouseMotionListener ,andKeyListener ,all of
thepackaggava.awt.event . Any othereventscouldeasilybeimplementedn sub-classes.

For eachmethodin thelistenerinterfacea Glyphish  instancehasa Closure objectasso-
ciatedwith it. For example,in the caseof the

public  void mouseClicked(java.awt.event.Mou seEvent e);
methodof theMouseListener  classtheGlyphish classhasthe eld
private  g2d.jlambda.Closure mouseClickedAction;

This closurewill have arity 2, and usesLuca Cardelli's trick of having a self agumentto
implementJava’'s this pointer Calling the mouseClicked methodwould resultin the
clickedAction closurebeingappliedwith

clickedAction.applyClosure(thi s, e);

wherethethis pointeris the Glyphish instancethatis respondingo the
java.awt.event.MouseEvent instancee.
Thesetwo methodshelpGlyphish  instancesssociatelosurego eventsin JLambda:

void setKeyAction(in t type, Closure fun)
void setMouseAction( int type, Closure fun)
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which dynamicallysetsan action (fun ) to an event (type ). Thetype amumentcorre-
sponddo theeventsidenti ers, i.e. MouseEvent. MOUSE_CLICKED and
MouseEvent. MOUSE_DRAGGED

2.1.2 Glyphish'sdirectsub-classes

The direct sub-classesf Glyphics are Glyph , GlyphList andClosureGlyph . The

Glyph classis anatomicsubclasof Glyphish . It candraw a single Shape object,accord-
ing to Glyph's  private elds fillColor , borderColor  andStroke . A GlyphList

is a compositesubclasof Glyphish , it consistsof anorderedlist of Glyphish instances.
This is GlyphList's only eld, the actualdrawing is achiezed by the contentsof the list.

ClosureGlyph isthemostdynamic,it requiresclosured2] to implementall the methodse-

quiredby the Glyphish  API. It provides,in essencea way of de ning Glyphish instances
whosemethodsarede ned atruntime,ratherthanat compiletime.

Painting

Glyph objectsdran themselesaccordingo theirprivate elds; java.awt.Shape , Il colour,
bordercolour and Stroke . Any changeto these elds will appearwhenthe instanceis re-
painted. All paintingis appliedto the Graphics2D instance.A Graphics2D objectdraws
by settingits Stroke andcolour, thenthe Shape is dravn or lled.

Glyph's implementatiorof the abstracpaintmethodfollows:

public  void paint(Graphics 2D g2d) {

if((fill I= null) && (shape != null)) {
g2d.setColor(f i
g2d. fill(this. shape) ;

}

if(border I= null) {

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

g2d.draw(this. shape);
}

}

A GlyphList iterateghroughandpaintseachGlyphish elementn its list, hencemple-
mentingthe paintersalgorithm.
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TheClosureGlyph  responddy applyingit's
private g2d.jlambda.Clos ur e paintClosure;

eld totheappropriatgava.awt.Graphics2D object.

Events

To handleevents theGlyphish  hierarchyrequiresanencompassingbjectto listenfor events,
this is implementedasIOPView . For the IOPView to determinewhethera Glyphish in-
stancds thedesiredamgetof anlnput eventtheabstract method

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

of theGlyphish classis used.
TheGlyph classimplementghisby usingit' sjava.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 eachelements inside  method,returningtrue if onereturnstrue , elseit
returnsfalse

TheClosureGlyph  responddy applyingit's

private  g2d.jlambda.Closure insideClosure;

eld totheappropriaté?oint2D object.

Transformation
AffineTransforms canbeappliedto subclassesf Glyphish
Glyph instancespplythe AffineTransform toit's Shape object. This createsanew

Shape objectwhichis storedin the Glyph instance.
For GlyphList  instancesthe AffineTransform is appliedto eachGlyphish ele-
mentconatinedn its list. While the ClosureGlyph  simply appliesthetransformto

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

Thereare a numberof waysto createdisplayableobjectswith the Glyphics hierarchy If

the objectis simple and doesnot require customeventsor other custombehaiour, it is best
to createaninstanceof Glyph or GlyphList . Many geometricshapesanbe createdwith
the java.awt.Shape interface,and mary more canbe createdoy combiningGlyphs in a
GlyphList . If thedisplayableobjectneedsextra propertiesijt is bestto sub-clasGlyph or

GlyphList
This simpleexampleextendsthe Glyph classto createa RectangleGlyph

public  class RectangleGlyph extends Glyph {
private Color color;

public  RectangleGlyph( double x, double vy, 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 angle Glyph", view);
RectangleGlyph rect = new RectangleGlyph (20, 30, 100, 40, Color.red);
view.add(rect);
frame.setVisible (t rue);
view.repaint();

}

Themainof this examplecanbereplicatedn JLambda asfollows (the pathof the
RectangleGlyph  mustbeknown to the JLambda interpreter):

(let  (
(red java.awt.Color. re d)
(view (object ("g2d.swing.lOP  View") ))
(frame  (object ("g2d.swing.lO 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

Somespecialisedjlyphsare provided to handlemore complicatedgraphicaltasks. Thesespe-
cialisedglyphsdeviate slightly in the way they are paintedfrom regular glyphs. However the
differenceskeepin line with the structureanddesignof the baseGlyphicshierarchy

2.3.1 TextGlyph

Almost all graphicalapplicationsneedtext to be ableaddlabelsandotherwritten information
to the display TextGlyph is a specializedGlyph object(seehierarchyimage?2.2) which
displaysaligned,anti-aliased text, which canbeseenin images2.4and2.3. TextGlyph  works
by overridingthe Glyph classs paintmethod. In a normalglyph the outline of the contained
Shape is dravn andpossibly lled with acolour. Butin TextGlyph this causeghetext to be
unreadableTextGlyph's  paintmethodlls thetext's Shape, anddoesnotdraw its outline.
Althoughthis createsfastimplementatiorof atext glyph,thetext is still pixelatedandbecomes
dif cult to readatsmallsizes.Anti-aliasingthewhole Graphics2D objectwasnot practical,
sincethis sloveddown eachredrav to anunacceptablievel. But, anti-aliasingustthetext wasa
viable solution,this optionprovidedclean,easyto readtext without a hugecostto performance.
TextGlyph's  performancds affectedby applying the anti-aliasingoption, the costof the
performanceslow down is acceptablebecausef how cleanthe text looks. The performance
issuemay only becomea problemwhenlarge massef text aredisplayed. A demonstration
of TextGlyph's  performanceanbeseenn theaf neT ransformdemo[7], in thisanimation,
a TextGlyph is warped,translatedandrotatedvia Glyphish's  af neT ransforminterface.
The speedof the animation,evenasthetext string getslarge, shavs the ef ciency andspeedof
TextGlyph's  paintmethod.
Hereis the codefor themodi ed paintmethod.

public  void paint(Graphics 2D g2d){
g2d.setRendering Hint (Render in gHin ts .KEY_ANTI ALIAS IN G,

1Anti-aliasingis theremoval of on-screerpixelationby drawing partially lled pixelslighterthannormalpixels
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Glyphish

/

Glyph GlyphList ClosureGlyph

TextGlyph

Figure2.2: Glyphicshierarchywith TextGlyph

Some text lll sss ooo

Figure2.3: Anti-aliasedtext.

Some text lll 555 000

Figure2.4: The sametext without anti-aliasing.

RenderingHints  .VALUE_ANTI ALI AS_ON);
Color filling = getFill();
if(filling I= null) |
g2d.setColor(f il i ng);
g2d.fill(getSh ape()) ;

}
g2d.setRendering Hint (Render in gHin ts .KEY_ANTI ALIAS IN G,

RenderingHints  .VALUE_ANTI ALI AS OFF);
}

EachTextGlyph canbealignedrelativeto aboundingbox, or point. Theboundingrectan-
gleof the TextGlyph is usedto positionthetext relative to theinsideor outsideof a bounding
box. Alignmentoperationsanbe appliedtogetherto form compoundalignment,for example,
aTextGlyph canbepositionedn the centerof, but ontop of a givenboundingbox by apply-
ing boththealignCenter  andthealignOnTop operationsThealignCenter  operation
alignstext to the centerof the Rectangle horizontallyvertically. The boundingbox canbe
the boundsof anotherGlyph which makesit simpleto align text relative to otherGlyphish
objects. TextGlyph's  font, size,andfacecanbe setwith appropriatesettersproviding full
featuredext control.

In thefollowing example,sometext is goingto bealignedsoit lookslikeimage2.5. Thetext
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Top Center

Bottom Right

Centered on top

To Point

Figure2.5: Somealignedtext

andbox objectshave alreadybeeninitialized. As you cansee alignmentscanbe combinedand
thetext canbealignedrelative to theinsideof the box, outsideof the box or centeredat a point.

In this exampletopcenter  andtopoint areTextGlyphs andboxesareobjectswith
apublic Rectangle2D getBounds() methodwhichcouldbeGlyphish instances.

(invoke  topcenter  "alignTop" (invoke  box1 "getBounds"))
(invoke  topcenter "alignCenter" (invoke  box1l "getBounds"))
(invoke  topoint  "alignToPoint" (object  (“java.awt.geom. Poin t2 D$Doubl e"

(double 250) (double 300))))

2.3.2 SubTextGlyph

Some applicationsneed sub-scriptsand superscriptsto properly display mathematicakext.
SubTextGlyph is an extensionof TextGlyph (seehierarchyimage 2.6) which displays
anti-aliasedext with a TeX like syntaxfor subscriptsandsuperscripts For example,A{23}
displaysA?® andG_{12} displaysG;,. They canbenestedike so,A™{G {12}} . Theinput
stringis parsedwith a singlerecursve method which caneasilyhandlenestedsubscripts.

Like TeX, SubTextGlyph doesnot supportsubscriptof subscriptgi.e. A B_C). When
thiserroris encounteredSubTextGlyph stopsparsingthestring,displaysanerrormessagéo
standaraerror, andcreatesanddisplaysheglyphup-totheerror A demonstrations available[8]
shaving SubTextGlyph in its recursve glory, it alsoshavs the handlingof the subscriptof
subscripterror. Thereis asoftlimit onhow mary nestedsubscripta SubTextGlyph canhave,

sincetext sizesbelow onepointarenot supportedy Java's Font class.
ThisistheJLambddorm of theSubTextGlyph constructarThecreatedSubTextGlyph
lookslikeimage2.7.
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Glyphish

/

Glyph GlyphList ClosureGlyph

SubTextGlyph

Figure2.6: Glyphicshierarchywith SubTextGlyph

t e X tkee P Sgetting,,..

Figure2.7: SubTextGlyph candisplaynestedsub-scripts.

(text  (object ("g2d.glyph.Su bTextGl yph"
"This_{text_{ke eps_{ gett ing_{smaller_{and_{smdl er}}} }} }

(int  64))))

This is the java form of the SubTextGlyph constructor The createdSubTextGlyph
lookslikeimage2.7.

SubTextGlyph text;
text = new SubTextGlyph(
"This_{text_{ke eps_{gett in g {s maller_
{and_{smaller}} B, 64);

Onceconstructedheseobjectsneedto beaddedo anlOPView to bedisplayed.

Glyphish

Glyph GlyphList ImageGlyph ClosureGlyph

Figure2.8: Glyphicshierarchywith ImageGlyph



14 CHAPTERZ2. GLYPHICS

2.3.3 ImageGlyph

Imagescanbe addedto a graphicalapplicationto displayobjectswhich otherwisecould not be
createdvith a Shape object.ImageGlyph allowsimageso be usedto createGlyphish in-
stanceswhichcanbedravn by theGlyphicshierarchy(seehierarchyimage2.8). ImageGlyphs
aredifferentfrom otherGlyphs , astheinternalstorageypeof ImageGlyph isnotaShapeob-
ject, but ajava.awt.image.Bufferedlmage . Thisrequiresa differentconceptof paint-
ing, transformsandboundmanagementEachimageGlyph maintainsits own transformob-
ject, this helpsin calculatingtheimageboundsonceit hasbeentransformedThelmageGlyph
implementationof Glyphish's  abstractpaint methoddraws the Bufferedimage  to the
Graphics2D object. An AffineTransformOp linearly mapstheimageto the coordinates
of the Graphics2D object. Linear mappingsinclude nearesnheighbourandbilinear interpo-
lation. Nearesineighbourinterpolationcauseghe imageto becomepixelated(seeimage2.9),

while bilinearinterpolationblursimagepixelstogetheseemage2.10),similarto JPEGimages.
Hereis the sourcefor themodi ed paintmethod.

public  void paint(Graphics 2D g2d){
AffineTransformO p ao;
ao = new AffineTransform Op(tr ansf or m, interpolationTy pe);
g2d.drawlmage(bl mage, ao, 0, O0);

}
Thisis theJLambddorm of thelImageGlyphconstructor

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

Thisis theJavaform of the ImageGlyphconstructor

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

2.3.4 AnimatedGlyph

AnimatedGlyph isamulti-stateimageobject. AnimatedGlyph isverysimilartoImageGlyph
(seehierarchyimage2.11). Theanimationis achiezedby storingalist of Bufferedimagebjects,
andpaintingcertainelementof the list whenrequestedThe currentimplementatiorhasa lin-
earsequencebut could be usedwherea multiple statelmageGlyph is required. Creatingan
AnimatedGlyph is similarto ImageGlyph , exceptthe pathis to adirectoryof images.
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Figure2.9: Nearesneighbouiinterpolationpixelatesheimage.

Figure2.10: Bilinear interpolationblurs eachpixel.

Glyphish
Glyph GlyphList AnimatedGlyph ClosureGlyph

Figure2.11: Glyphicshierarchywith AnimatedGlyph



Chapter 3
Containment Components

For Glyphish  objectsto handlepaintingand events,thereneedsto be an enclosingcompo-
nent.IOPView is thetop level containerof the underlyingGlyphishobjects.It directly utilises
Glyphish's paintmethodsthe view controlswhenandhow the containedGlyphishhierarchyis
painted.ThelOPView canzoomits displaywith anAffineTransform instancelt controls
how mouseandkey eventsaredirectedto the underlinghierarchy I0PView is composedf
mary sub-componentghe core compontenis the IOPComponent , which actually contains
anddraws Glyphish instances.lOPView canincludean optionallOPScrollPane , and
IOPToolBar for addedfunctionality Creationof anlOPView's toolbarandscrollpanecan
beachieredwith booleanags in IOPView's constructor:

public  IOPView(boolean scrollbars, boolean toolbar)

IOPView forwardsmostoperationgo the underlyinglOPComponent independentlyof
whetheratoolbaror scroll paneexists.

3.1 Painting

AlthoughGlyphics hasawell de ned paintinghierarchyit cannotdisplayitself to the screen
without anenclosingobjectto controlwhenthe paintingwill occur The containmentierarchy
is responsibldor paintingits contentdo thescreenlOPView containsaGlyphList  instance
variablewhich storesthe objectsto be displayedto the screen.IOPComponents are exten-
sionsof javax.swing.JComponents andits subclassesso drawing is controlledby the

16



3.2. ZOOMING 17

protected void paintComponent(Graphics g) method.To utiliseJComponent's
doublebufferedpaintinghierarchythis methodneedso be overridden.

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

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

g2d.transform(zo omrr ans) ;
glyphList.paint( g2d) ;
}

In our IOPComponents , this methodpaintsthe backgroundthis is explicitly required,
otherwisethe backgroundstaysgrey. After the backgrounds painted,the zoomtransformis
appliedto the Graphics2D object. Thenthe GlyphList is painted. This usesthe custom
Glyphicshierarchyto ef ciently drav any numberof Glyphs to thescreen.

3.2 Zooming

In theJComponent hierarchyobjectsaredisplayedo thescreerusinga Graphics2D object.
Whenan objectis painted,it is paintedon this Graphics2D object. Controlling this object
directly controlswhatis displayedto the screen.The Graphics2D objectcanbetransformed
with af ne transforms.

Zooming scalesthe Graphics2D object, ratherthan scalingeachGlyph , this doesnot
changethe original Glyphish instanceponly how it is displayed.Zoomingthis way requires
a mappingfrom the storedrepresentatiof the GlyphList  to the displayedrepresentation
of the Graphics2D object. Thisis easilyachieved with the useof af ne transformsandtheir
inverses.The zoomtransformis storedsoit canbe appliedto the Graphics2D objectevery
time the view is painted. This is a very ef cient methodto zoomthe view becauset doesnot
requireadoubletraversalof the GlyphList  (onefor thetransform,andonefor theredraw).

Whenzooming,the view ensureghat mouseeventsget mappedo the correctGlyphish
instance. This mappingis implementedby creatingan inverseof the zoomtransform,which
mapsthe mouseevent's coordinatego the original Glyphish  instance.

Whentheview is zoomedijt is necessaryo maintainthe preferredSize of the
IOPComponent . The preferredSize of a components usedto calculatethe rangeof
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the scrollbarsin a scroll pane. This is implementedin IOPComponents checkSize()
method,which is called eachtime the scrollbarsneedto be updated. The implementationis
simple,thenew sizeof thecomponents calculatedandsetwith setPreferredSize(...)

andthe scrollbarsare updatedwith revalidate() . Mousewheelzoomingis built into the
IOPComponent class providing afastandeasywayto zoomin andout (providedtheuserhas
anappropriatanouse).

3.3 Sub-Components

3.3.1 ToolBar

A basictoolbarwas requiredto handlelOPView's built-in zooming capabilities(zoom-in,
zoom-outandzoom-to- t). Thistoolbarcanbeaddedo theview with abooleanvaluepassedo
theconstructorlOPView hastheability to addlIOPButtons to thebasictool bar, eitherafter
theexisting buttons,or atanspeci c location.Which enablesa straightforwardway to addextra
buttonsasthey areneeded.Thesebuttonscanprovide applicationspeci c features.Thereare
two goodexampleq9] [10] shaving the useof thetoolbarandotherlOPComponent features.

3.3.2 Scroll Pane

Whentheview is zoomedpr theview is large, sectionof theview canbeoutsideof thewindow,
soscrollbarsareneededo navigatearoundthe view. Scrollbarscanbe addedto a view with a
booleanvaluepassedo the constructar While zoomingwith scrollbarsjt maybe necessaryo
centertheview upona speci ¢ graphicalitem, this canbe achievedwith;

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.lIOPButton is acorvenienceclass |OPButton's  constructolis simple;

IOPButton(String image, String  tooltip)

image is thepathto animagecontainedn the Glyphics packagepr aregularpathto an
image,or the buttonslabelif theimagedoesnot exist in the previously checledlocations.



Chapter 4
Graphs

The graphpackages a specialisedapplicationof Glyphics , which provides an interactve
graphicalrepresentatiof an underlyingstructure. The displayedgraphis dravn cleanlyand
efciently to the screenwith the new Glyphicslibrary. The graphobiject, like all glyphs,is
displayedin an IOPView , which is a classdesignedo provide two-way interactionwith the
containedglyph object. The graphis displayedin a pleasing,easyto readmanney andis ca-
pableof acceptingeventsto control, query and manipulatethe graph. The combinationof the
graphhierarchyandIOPView , allows the dynamiccreationof interactve graphs,wrappedin
aninteractve graphicaluserinterface.

4.1 Object Model

ObjectOrientedlanguagesre perfectlysuitedto representingyraphs.The conceptsandforms
of theoreticalgraphconceptscan be applieddirectly to the Object Orientedparadigm. Each
node and edgecan be representeds an unique object with its own speci cations. Different
objectrepresentationsf graphscanbe used dependingon whatis requiredof the graphobject.

IOPGraph
IOPNode IOPEdge

IOPSpline

Figure4.1: A "composedf”’ hierarchyfor thegraphclasses
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An adjaceng list or matrix canbe usedto representhe graph,which providesfastaccessof
connectedhodesfor usein traversalalgorithms.This cannotbethe only internalrepresentation
of the graph,becausean this form the edgeobjectsare not speci ed, so how canthe edgesbe
dravn? This canbe an alternateform of the graphto improve ef ciency of graphtraversalor
path nding algorithms.

In an objectorientedlanguagdike Jara, whena complicatedcomponentis createdout of
mary objectstherelationshipbetweertheindividualobjectswill formagraphstructure Which
could be the conceptuabasisof the structureof graphobjects,this structureis much slower
to traversethan a singlelist of graphelements. In its currentform, the ArrayLists used
for the GlyphList  could be replacedby an objectof interfacetype Collection |, thena
GlyphList  structurewhichmimicsthestructureof thegraphcouldbeimplementedTraversal
of theGlyphList  will needto becompletedeverytime IOPView requestsaredraw, or other
globalgraphoperation.If thestructureis complicated{raversalcouldbe slow.

In our casewherethe graphobjectneedso bedravn in anlOPView with the Glyphics
packageand processedy a layout renderer the bestrepresentatiorior a graphis a linearly
accessabl€ollection of nodesandedges.This way, Collections of nodesandedges
canbeuseddirectly to createthedotinput le. Thedotoutput le is alsoin node/edgdist form,
so the nodesand edgescan have positionandotherattributessetwhenthe graphis layedout.
Drawing compoundylyph objectswith the Glyphicslibrary requiresthe glyphsbein alinearly
accessablbst.

4.2 Graph Components

4.2.1 Nodesand Edges

Thenodeandedgeclassesreonly really usedfor controlof eventsandthegraphicakepresenta-
tion of graphs.Nodesandedgeshave attributesto controltheway they aredravn. Theattributes
are Stringsto be compatiblewith dotandthelayoutparser

Whenanedgeis dravn, with dot[11] astherendererit is dravn asa seriesof cubic spline
curves. IOPSpline createsa single curve from a seriesof cubic spline curves. The spline
curweis sentto IOPSpline asanarrayor vectorof pointsin theform:

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

<spline segment endpoint> <ctrl pt 1> ...]



4.2. GRAPHCOMPONENTS 21

Note thatthe endpointof onecubic splinecurve segmentis the startpoint for the next, one
splinecurve o ws seamlesslynto the next. This allows any numberof complicatedcurvesto
be dravn asgraphedges. So our graphicalrepresentatiof the graphcandisplaythe edges
generatedby dot, which bendaroundnodes ptheredgesor anything elsein the way.

4.2.2 Graph

Theinternalrepresentationf thegraphobjectsarestoredastwo HashMaps, onefor nodesthe
otherfor edges.Eachnodeor edgeis referencedn the graphs hashmays by its uniquename.
Thisuniquenameis very importantsinceit is how thelayoutrenderedistinguishebetweerand
locatesgraphelements.

Creationof anlOPGraph objectis via its defaultconstructarNodesandedgesanbeadded
andremovedwith:

void addNode(IOPNode node)
void addEdge(IOPEdge edge)
void rmNode(IOPNode node)
void rmEdge(IOPEdge edge)

Oncethe graphis createdand containssomenodesand edgesthe graphcan be rendered
with:

void doLayout()

This methodpositionsthe nodesand edgeshy creatingan input le for dot, andprocesses
this le with dot.

The graphobjectis sentto the layout parsey andthe dot output le is parsed. Whenthis
methodis completedhe nodesandedgesshouldbe positionedasdot speci ed.

Nodescanbe selectecandde-selectetby using:

void toggle(IOPNode node)

whichtogglesthe nodescolour, andaddsor removesit from thelist of selectechodes.

Selectionof graphelementsnableghe graphto be edited. The implementatiornof graph
editing is designedo be usedwith mouseevents. Adding a nodeis the simplestof the graph
editing operationscreatea nodeat the positionspeci ed, andaddit to the graph. Creatingan
edgerequirestwo nodegto be selectedandacall to:
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public  void createEdge()

which will createanedgebetweerfrom the rst selectechodeto the secondselectechode.
This methodchecksthe numberof selectechodes soanedgecanonly be createdf andonly if
therearetwo selectechodes Remawal of nodescanbe achievedwith;

public  void removeSelectedN odes()

Whichwill remove the selectechodeandits connecteckdges.

Selectioralsoprovidesthemeangor zoomcontrol,thezoomtofit() methodof IOPView
useshegraphsgetBounds() methodto calculatetheregionto zoomto. Thegraphsbounds
is eitherthewhole boundof the graph,or the boundsof the selectechode(s).

After alteringagraphelementsttribute,thegraphneedgo beredravnto displaythechanges.

See [12] for a simple example of graphcreationand layout. Also see [10] for a more
complex exampleinvolving the graphediting capabilities.

4.3 Display

Thegraphclassis anextensionof Glyphics' GlyphList  classwhichis acompoundylyphthat
cancontainmary Glyphs which aredravn asone. Whenerer ary graphelementis addedto
thegraphtheinternalGlyphList  objectis updatedsothenew elementwill bedrawn.

NodesandEdgesarealsoGlyphLists . A nodeis composeafthenodebasewhichcanbe
ary shapede nedin java.awt.Shape interface,anlmageGlyph , an AnimatedGlyph
or ary otherGlyphish  object. An edgeis composef a cubic splinecurve andone(or two)
arrovheads Eachgraphcomponents responsibldor draving itself; thisis the behaiour of all
Glyphish  objects.

Careis requiredwhendesigninghow Glyphicsdraws the graphobjects,so asto not create
anoverly complex Glyphicslist structure.If thelist structuremimicsthe structureof the graph,
traversalof thegraphsGlyphList ~ will beslow andinefcient. SincetheGlyphLists  paint
methodwill iterateinto lists of lists of lists... etc, this nestedraversalwould be very slow for
large graphs. Having lists of lists createdist overheadaseachlist objectcontainssomedata
whichidenti es it asalist. As aresult, attening the graphs GlyphList into alist of nodes
andedgesprovidessufcient usabilityandef ciency.



4.4. THELAYOUT 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 laying out directedandundirectedgraphs.Image4.2 shavs dot's layoutin action.
To usedot, adot input le needsto be createdwhich representshe graph,andthenthe le is
processedby dot. This createsanoutput le which hasbeenattributedwith positionandlayout
informationfor eachnodeandedge.To beableto layoutgraphsde ned by the graphhierarchy
we needto createa layoutparser

Toimplementajava-cup[14] basegarseaLALR (Look-Ahead_eft to Right)[15] grammar
needgo be produced.This grammamustnot be ambiguous.The terminalsymbolsneedto be
identi ed, asdo thenon-terminakymbols.

Theparsemusesasimplescannegeneratedby JLex [16] to readthroughtheinput le . Asit
encountergraphelementgnodesedgespr sub-graphs)hey arematchedo the corresponding
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IOPGraphelementthe position,colour, size,etc attributesare updatedanddravn asdot spec-
i es. Nodesaresimply movedto their correctposition. Edgesaredravn at rendertime, in the
caseof dotbeingtherendererthe edgesarecreatedascubicsplinecurves.

Semanticactionsneedto augmentthe grammar Thesesemanticactionswill de ne how
graphelementswill be handled.For our applicationasa graphrendererthe parsers semantic
actionsaregoingto beinvolvedwith settinggraph,nodeandedgeattributes.A semanticaction
which is not part of the grammaris the creationof the attribute list. The attribute list matches
attribute namedo attribute valuesfor a graphelement.It is usedto extractthe valuesof graph
elementattributesfrom thedot output le.

LALR Grammaror 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 n=  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 2= ID TO ID OptAttrList
semantic  action: draw edges,
setting attributes if necessary

The semanticactionsneedto be implementedas embeddedava codewithin the java-cup
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parserimplementation.Thesesemanticactionswill be addedto the generategarserby java-
cup, to provide the graphcreationandlayoutcapabilitiesof the parser

4.4.1 Problems

Thereare someproblemsinvolved with dot beingthe graphrenderer If graphis dynamically
createchndaftereachadditionto thegraphthegraphis re-layed-outhegraphwill changdorm,
quitedrasticallyin somecases.This will becomeparticularlyconfusingto userswhenthey are
trying to analysea graph. The graphwill continuallychangeform, andary bene t gainedby
usingthis softwarewill belost, sincethe graphdoesnot maintainits layout.

Speci cally positioningthenodesin theinput le hasno effect, asthesevaluesareignored.
Using subgraphgo try and x the positionof a portion of the graphhasno effect either asthe
layout algorithm dot usesmustbe global. Even breakingthe graphinto adjacentlyconnected
subgraphshasno effectin maintainingthe graphsintermittentlayout. In dot, anodesrank can
besetrelative to othernode(s)this providesvery limited methodgo controlthe graphs layout.
An edges weightcanbe set,which will only have the effect of placinga nodecloserto another
node

AnothergraphrendererDaVinci cannotbeusedto rendereour graphobject,sinceit cannot
returnanattributedgraphrepresentationlt couldbe usedasour graphicsactor but it would not
provide the capabilitiesandfeatureghatwe require.

4.5 EventHandling

This graphutilisesthe eventsystemfrom JLambda andGlyphics,which enableslynamiccre-
ation of event handlersto passeventsto the appropriateGlyphish instance. Eventscanbe
createcandhandedcompletelyfrom within the JLambda code.Or theeventcanbe handledoy
theglyphitself.

4.6 JLambda

The graphpackagewasdesignedo be usedwith JLambda, aswell asbeingusedasnormal
objects. JustasJLambda cancreateary Jasa objectat runtime,JLambda cancreatea GUI
with toolbar menubarandcontaininggraphobject. Creation,manipulationandeventhandling
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methodsareall designedo be assimpleaspossiblein orderto minimisethe numberof methods
which needto beinvokedto achie/e agoal.



Chapter 5
Applications

Althoughthe Glyphics packagevasdesignedvith a speci ¢ purposen mind, it canbeused
in mary applications.As well asthe pathway logic actor a few extra exampleswere produced
to testthe functionality of the graphicspackageduring design. Theseextra examplesnot only

shov how to usethe Glyphics  packagen the JLambda environment, but have helpedin

trackingbugsandotherstrangebehaiour. This examplewill needto berunwith theJLambda

interpreter

$ jlambda path/to/script.Isp

5.1 Pathway Logic Assistant

The Pathway Logic Assistant(PLA) [17] is the main applicationof the Glyphics  package,
andis beingproducedby CarolynTalcott. PLA utilisesthe graphpackageandthe component
hierarchyto createan interactve graphicalfront endto the IOP andIMaude systemto analyze
biologicalreactionnetworks.

5.2 Sketchpad

Thesketchpad9] is a simplescribbleprogramwrittenin JLambda. Thecolourof theline can
be changedy clicking on the drawing carvas, or with the button. The size of theline canbe
increasedanddecreasedavith the buttons. A smallinfo pop-upcontainingthe width of the line
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canbe displayedby clicking the info button. All of theseaspectsnakesit a good exampleto
demonstrat¢he functionalityof JLambda andthe Glyphics  package.

5.3 Afne Transform Demo

The af ne transformdemo(7] is written in JLambda. In this demoa TextGlyph is animated
with asequencef af ne transformsThis democanbeusedto testtheaf ne transforminterface
of any new Glyphs,thedemocanbe alteredto transforma simpleshapepr an AnimatedGlyph
Af ne transformscanbecombinedo createcompoundransformsywith this rangeof manipula-
tion Glyphscanbealteredandmovedeasilyaroundthescreen.



Chapter 6
Conclusion

The Glyphics  hierarchyis an effective way to producehigh quality interactve graphicsob-
jects.

Glyphics is aclearimprovementuponJoelBartlett's Ezd. Glyphics provesasimple
interfacefor producinggraphicsin the Java's Graphics2D ervironment. It alsoimplements
Java's new eventsystemto easilycreategraphicalobjectswhich respondo events.Glyphics
implementgstext andimagesto enablea wide rangeof graphicalobjectsto be createdanddis-
played.

Glyphics'  transformAPI provides a fastand ef cient way to manipulateGlyphics
instancesn doubleprecision.

Glypyhics'  componentgprovide a simpleandeffective way to displayandinteractwith
Glyphics instancesThesecomponentéiave built in zoomingcapabilitieswhichimprovethe
way large graphicalobjectsare viewed by the user The view automaticallycapturesevents,
makingit straightforwardto addeventsto a Glyphish instance.

The applicationdgn this thesisshov a wide rangeof applicationdor the Glyphics  hierar
chy. And mary morearepossible sincethe Glyphics hierarchyis easilyextendedto exhibit
ary behaiour thatis required.
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