
Unicon 3D Graphics
User's Guide and Reference Manual

Naomi Martinez and Clinton Jeffery
Unicon Technical Report #9a

July 23, 2003

Abstract

Version 11 of the Unicon language includes 3D graphics facilities. This document
describes the design of the Unicon 3D graphics facilities, and provides several examples
detailing their use.

New Mexico State University
Las Cruces, NM 88003

This work was sponsored by the National Library of Medicine, the Alliance for Minority
Participation, and by NSF grants EIA-0220590 and EIA-9810732.



1. Introduction

Most application programming interfaces for writing 3D computer graphics
applications are complicated and difficult to master. Toolkits such as OpenGL
[OpenGL00] and Open Inventor are powerful, but severalweeksor even monthsare
neededto gain proficiency. Even after gaining proficiency, many lines of code are
required to implement most features. There is much that can be simplified. 

Unicon [Jeffery03]is a supersetof the Icon programminglanguage[Griswold96] that
offers many featuresthat minimize the time and effort spentprogramming.Programs
written in Unicon require from two to ten times fewer lines of code than programs written
in languagessuchasC, C++, or Java.This reportdescribesa setof simple,easyto use
3D graphics facilities for Unicon.

Icon andUnicon alreadyprovide facilities that simplify the processof programming
2D graphicsapplications[Griswold98]. Unicon’s 3D graphicsfacilities are basedupon
andintegratedwith the2D facilities. Unicon’s3D facilities arebuilt on top of oneof the
leading3D graphicslibraries,OpenGL. OpenGLis morewidely portableandavailable
than most similar toolkits.

This paperdiscussesthe designand demonstratesthe useof Unicon’s 3D graphics
facilities. Sectiontwo containsthedesignof theUnicon3D graphicsfacilities. Examples
andsamplecodecanbefoundin sectionthree.Referencesfor functionsandattributesare
found in section four. The implementationof the Unicon 3D graphics facilities is
discussed in [JeffMart03].

2. Design

The Unicon 3D graphicsfacilities aim to providethe basicelementsof 3D computer
graphics in a simplified fashion. The basic functionality includes primitives,
transformations,lighting, and texturing. With thesefeatures,the Unicon 3D graphics
facilities should provide a good basis to construct an OpenGL scene using Unicon.

The featuresof the Unicon3D graphicsfacilities differ from the featuresof OpenGL
in severalways. The Unicon 3D graphicsfacilities introduceseveralnot available in
OpenGL.Thesefeaturesincludethe direct useof imagefiles astexturesandthe useof
the foregroundattributeto manipulatematerialproperties.Also thereareseveralfeatures
of OpenGL that are not availablein the Unicon 3D graphicsfacilities. Thesefeature
includeblending,fog, antialiasing,displaylists, selection,andfeedback.If thereis need
to, future work might include implementing these features. 

2.1 Application Programming Interface (API) Reduction

OpenGL contains over 250 functions that can be called to render 3D graphics
applications.Also neededare many window system calls that are not provided by
OpenGL,to openand closewindows and handleinput from the user.The Unicon 3D
graphicfacilities reducethe numberof functionsthat a Unicon usermusttypically learn
to use.TheUnicon3D graphicsfacilities containsixteennewfunctionsandsix functions
that have been extended from the 2D graphics facilities. 
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Someof the designedAPI reductionwas obtainedby trivial applicationof Unicon
languagefeatures.The ability to storedifferent datatypesin the samevariableandthe
fact that Unicon handlesfunctions with a variable numberof argumentsand varying
typesreducedthe numberof functionsneededin the API. For examplethereare six
different functionsonecancall to cleara window in OpenGL.Unicon usersonly need
one. 

Other methods of reduction include providing OpenGL features with default
parametersandeliminatingunnecessaryfunctioncalls.For exampleto drawa polygonin
OpenGL,theusermakesacall to glBegin(). For eachvertexof thepolygon,theusermust
call glVertex(). Finally to end the drawing of the polygon, the user makesa call to
glEnd(). In the Unicon graphics facilities, the user makes a function call to
DrawPolygon() with the window to be drawnon andthe x, y, andz coordinatesof each
vertexof the polygon.By using only one function call, the numberof lines of codeis
reduced.  

2.2 Opening Windows for 3D Graphics

Thefirst stepin 3D graphicsprogrammingis openingwindowsto render3D graphics,
as in the line: 

W := open(“win”, “gl”)

To opena 3D graphicswindow, call thebuilt in function open(), passingin the title
of thewindow to beopenedand mode“gl”. In theaboveexample,“win” is thetitle of the
window to be opened.The parameter“gl” indicatesthat a window for rendering3D
graphicsshould be opened.As in the 2D facilities, if a window is assignedto the
keyword variable &window, it is a default window for subsequent 3D function calls. 

2.3 The Coordinate System

Featuressuchaslighting, perspective,texturing,andshading,give a scenetheillusion
of being three-dimensional.In order to control such features,a Unicon programmer
makes use of context attributes.By assigningnew values to various attributes the
programmercaneffectively changemanyaspectsof the scene.Attributes to control the
coordinatesystem,field of view, lighting and texturesare included in the Unicon 3D
graphics facilities. 

Some of the most basic context attributesconcern the coordinatesystem.In 3D
graphicsonecanthink of drawingthescenein a three-dimensionalcoordinatesystem.A
set of three numbers,an x-coordinate,a y-coordinate,and a z-coordinate,determine
whereto placean object.The objectsthat are visible on the screendependon several
things,theeyeposition,theeyedirection,andtheorientationof thescene.If thesethings
arenot takeninto account,the scenedrawnandthe scenedesiredby the usermight be
two very different things. 

To helpthink abouttheseattributes,imaginea personwalking arounda 3D coordinate
system.What this personseesbecomesthesceneviewedon thescreen.Theeyeposition
specifieswhere this personis standing.For instanceif this personis standingat the
origin, (0, 0, 0), thenthingscloseto theorigin appearlargerandseemcloserthanobjects
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further from the origin. The eyedirection suppliesthe direction in which the personis
looking. Supposethepersonis looking towardthenegativez-axis.Thenonly theobjects
situatedon thenegativez-axisareviewedin thescene.Anything on thepositivez-axisis
behindthe viewer.Finally, the up directioncanbedescribedby whatdirectionis up for
the person. 

In theUnicon3D graphicsfacilities, theeyepositionis givenby theattributeeyepos.
By default this is set to be at the origin or (0, 0, 0). The eye direction is given by the
attribute eyedir. By default this is set to be looking at the negativez-axis. The up
directioncanbespecifiedby theattributeeyeup andby defaultis (0, 1, 0). Theattribute
eye allows the user to specify eyepos, eyedir, and eyeup with a single value. After
change any of these attributes, the scene will redraw itself with the new eye
specifications.

2.4 Drawing Primitives

In the Unicon 2D graphicsfacilities, a usercandraw 2D points,lines,polygons,and
circles. Primitives analogousto theseand more are availablein Unicon's 3D graphics
facilities.TheUnicon3D primitivesarea cube,a point, a line, a line segment,a sphere,a
torus, a cylinder, a disk, a partial disk, a filled polygon, and an outline of a polygon.
Theseare describedin Table 1 below. All functions specified,can take as their first
parameterthe window to be drawn on. When a window is not specifiedthe primitives
will be drawn on the default window, &window.

In the Unicon 3D graphicsfacilities, onecandraw 2D, 3D or 4D objectswithin the
samescene.With the useof the contextattribute,dim, the usercanswitch betweenthe
different dimensionsof an object.A usercandraw 2D, 3D, or 4D, objectsby assigning
dim thevaluesof 2, 3, or 4. It is worth notingthata 2D objectdrawnin a 3D scenedoes
not useUnicon's2D graphicsfacilities for its implementation.Instead,the dim attribute
defineshow manycomponentsa vertexof a primitive will have.Thevalueof dim affects
the primitives drawnin severalways.For functionssuchasDrawPolygon() which take
the coordinatesof eachvertex asparameters,the value of dim specifiesthe numberof
parameterseach vertex will have. For primitives that take x, y, and z coordinates,
specifyingonly x andy coordinateis not sufficient.For this reason,ªdim = 2º disallows
the use of these primitives. These functions are DrawSphere(), DrawTorus(),
DrawCube(), and DrawCylinder(). By default the valueof dim is three.An example
of drawing primitive can be found in section 3.2.

Severalfunctions from the 2D graphicsfacilities have been extendedfor the 3D
graphics facilities. By doing this, learning to use the Unicon 3D graphics facilities may be
easierfor usersof the Unicon 2D graphicsfacilities. Thesefunctionsare DrawPoint(),
DrawLine(), DrawSegment(), DrawPolygon(), and FillPolygon(), which draw a
point, a line, a line segment,an outline polygon or a filled polygon, respectively.
Throughthe useof the alreadypresent2D functions,the numberof functionsaddedfor
the 3D graphics facilities are kept to a minimum. 
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Table 1 – types of primitives

Primitive Function Parameters Picture
Cube DrawCube() the x, y, and z coordinates of

the lower left front corner, and
the length of the sides. 

Cylinder DrawCylinder() the x, y, and z coordinates of
the center, the height, the radius
of the top, the radius of the
bottom. If one radius is smaller
than the other a cone is formed.

Disk DrawDisk() the x, y, and z coordinates of
center, the radius of the inner
circle, and the radius of the
outer circle. By specifying an
additional two angle values a
partial disk is obtained. 

Filled
Polygon

FillPolygon() the x, y, and z coordinates of
each vertex of the polygon. 

Line DrawLine() the x, y, and z coordinates of
each vertex of the line. 

Polygon DrawPolygon() the x, y, and z coordinates of
each vertex of the polygon. 

Point DrawPoint() the x, y, and z coordinates of
each individual point.

Segment DrawSegment() the x, y, and z coordinates of
each vertex of the line
segments.

Sphere DrawSphere() the x, y, and z coordinates of
center and the radius of the
sphere. 

Torus DrawTorus() the x, y, and z coordinates of
the center, an inner radius and
an outer radius. 
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2.5 Transformations 
Matrix multiplications are usedto calculatetransformations,such as rotations,

translations,andscaling,on objectsandthe field of view. In order for the userto keep
track of matricesandmatrix multiplications,functionsto performseveraloperationsare
included in Unicon's 3D graphics facilities.
 In many3D graphicsapplications,severaltransformationsareperformedon one
objectandseveralothertransformationsareperformedon anotherobject.For this reason,
it is desirableto usedifferentmatricesto performthesecalculations.OpenGLkeepstrack
of the currentmatrix with a stackof matrices,wherethe top of the stackis the current
matrix. TheUnicon 3D graphicsfacilities makeuseof OpenGL'simplementationof the
matrix stack to implement transformations. 

Severalfunctionsareprovidedto theUniconuserto manipulatethematrix stack.
ThefunctionPushMatrix() pushesa copyof thecurrentmatrix onto thestack.By doing
this the user can compose several different transformations. The function
IdentityMatrix() changesthecurrentmatrix to the identity matrix. Finally, to discardthe
top matrix andto returnto thepreviousmatrix, thefunctionPopMatrix()will popthetop
matrix off the matrix stack. 

As in OpenGL,therearetwo different matrix stacks,projectionandmodelview,
in the Unicon 3D graphicsfacilities. The projectionmatrix stackcontainsmatricesthat
performcalculationson thefield of view. Thesecalculationsarebasedon thecurrenteye
attributes. If these eye attributes are changed,then previous manipulationsof the
projectionmatrix stackareno longervalid. Themaximumdepthof theprojectionmatrix
stackis two. Trying to pushmorethantwo matricesontotheprojectionmatrix stackwill
generatea runtime error. The modelview matrix stack containsmatricesto perform
calculationson objectswithin the scene.Transformationsformedusingthe matrix stack
only effect the objectsthat a programmerdesires.The maximumdepthof this stackis
thirty-two. So, pushingmore than thirty two matrixesonto the modelviewmatrix stack
will generatean error. Furthermore,only one matrix stackcan be manipulatedat any
given time. The function MatrixMode() switches between the two matrix stacks. 

2.6 Lighting and Materials
Theuseof lighting is an importantstepin makinga 3D graphicssceneappearto

be 3D. Adding lighting to a scenecan be fairly complicated.A light sourcecan emit
different typesof light: ambientlight, diffuse light, andspecularlight. Ambient light is
light that has been scatteredso much that is difficult to determine the source.
Backlighting in a room is an exampleof ambientlight. Diffuse light comesfrom one
direction.This type of light mostly defineswhat color the objectappearsto be.Finally,
specularlight not only comesfrom onedirection,but alsotendsto bounceoff theobjects
in the scene. 

Lighting hasbeenimplementedin the Unicon graphicsfacilities throughthe use
of contextattributes.Theuseof contextattributesreducesthenumberof functionsadded
to the Unicon 3D graphicsfacilities. For a 3D sceneimplementedin Unicon, thereare
eight lights available.Using theattributeslight0 throughlight7 onecancontrol theeight
lights. Eachlight is on or off and hasthe propertiesdiffuse, ambient, specular, and
position. 

A scenenot only hasseverallighting properties,but the objectsin scenemay
have several material properties.The material propertiesare ambient, diffuse, and
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specular,which aresimilar to the light properties,emission,andshininess.If an object
hasan emissionproperty,it emits light of a specificcolor. Using combinationsof these
material properties one can give an object the illusion of being made of plastic or metal. 

In the Unicon 2D graphicsfacilities, usersusea rich namingschemeto specify
thecurrentforegroundcolor usingthe attributefg. Colorscanbespecifiedusinga string
name,a hexadecimalnumber,or red, green,and blue componentseachbetween0 and
65535. The 3D graphicsfacilities haveextendedthis idea to the lighting and material
properties.For a materialproperty,the programmercanspecifythe materialpropertyby
statingthe typeof thematerialpropertyandthenthecolor that thepropertyshouldhave.
Similarly the valuesfor eachof the lights follow the samepattern. Also, not only cana
programmerspecify a color in the sameways as the 2D graphicsfacilities, but also a
color canbegivenby providingthe red,green,andblue intensitiesbetween0.0 and1.0.
Examples of lighting and material properties can be found in section 3.3.

By extendingthe featuresof the 2D graphicsfacilities, adding and changing
propertiesof lights and material has been simplified. Furthermore,the use of the
foregroundattributegreatlyreducesthenumberof linesof codeneededfor a scene.This
designalongwith severaldefaults,a userof the Unicon 3D graphicsfacilities canhave
lighting in a 3D graphics application without much effort. 

2.7 Textures 
Anotherimportantareaof three-dimensioncomputergraphicsis textures.Adding

texturesto a scenecangive a scenea realisticfeel. In orderto implementtexturesin the
Unicon3D graphicsfacilities, severalaspectsof texturinghaveto be takeninto account.
A textureimagecanbe viewedasa rectangularimagethat is “glued” onto objectsin a
scene.Theappearancesof the texturedobjectsin thescenedependon severalkey pieces
of information suppliedby the programmer.Theseinclude the textureimageand what
parts of the texture image is mapped to what parts of an object. 

Sincenot all scenesrequiretheuseof textures,theattributetexmode is included
in the Unicon 3D graphicsfacilities. By default,texturesareturnedoff. In orderto turn
on texturing in a scene use the following line of code

 WAttrib(W, ªtexmode=onº) 
Once texturesare turned on and a texture image is given, the texture image will be
appliedto subsequentobjectsin the scene.By usingthe following line of code,textures
will be disabled for all successive objects. 
 WAttrib(W, ªtexmode=offº)

Textureimagesin OpenGLprogramsareimagesthat havebeenencodedinto an
array.Soif a programmerwantsto usea .gif imagefile, thefile mustbeconvertedinto a
format acceptedby OpenGL.Often times this is a cumbersomeprocessto obtain the
desiredresult. For this reason,theUnicon3D graphicsfacilities provideseveraldifferent
formatsto specifya textureimage.A textureimagecanbe anotherUnicon window, an
imagefile, or a string. If the textureimageis a string it mustbe encodedin oneof two
language standard formats. Either it is in the format  

ªwidth,pallet,dataº  or  ª width,#,dataº
wherepallet is one of the palletsdescribedin the 2D graphicsfacilities and data is a
hexadecimalrepresentationof an image.In the first casethe pallet will determinewhat
colors appear in the texture image. In the secondcase, the foreground color and
backgroundcolor will be used. The ability to useanotherUnicon window asa texture
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provides the programmerwith greaterflexibility for texture images.For OpenGL, a
textureimagemustbeknownbeforethestartof theprogram. Theuseof a window asa
texture allows the programmer to create a texture image dynamically.

Texturesmusthavea heightof 2n pixels andwidth of 2m pixels wheren andm
are integers.If not, the texturedimensionsareautomaticallyscaleddown to the closest
powerof 2. Rescalingaffectsapplicationperformanceandmay causevisual artifacts,so
it may be wise to createtextureswith appropriatesizesin the first place.Section3.4
contains examples on how to use textures specified in the different forms. 

A programmer can give the texture in one of two ways, one can use
WAttrib(ªtexture=…º)or the function Texture(t). Thesemethodsdo differ in one
importantway, a window cannotbeusedasa texturewith WAttrib(). Soa functioncall
must be made to Texture() if a window is to be used as a texture. 

For textures,a programmermust specify how a texture is applied to particular
object.This is doneby specifyingtexturecoordinatesandvertices.Sincea textureimage
canbeviewedasa rectangularimage,texturecoordinatesarex andy coordinatesof the
textureimage.So the texturecoordinate(0.0, 0.0) correspondsto the lower left hand
cornerof the textureimage.The texturecoordinatesaremappedto theverticesspecified
by the programmer.Theseverticesare usually the verticesof an object in the scene.
Together,the texturecoordinatesand the verticesdeterminewhat the scenelooks like
after textures have been applied. 

The designof texturesin the Unicon 3D graphicsfacilities aims to simplify the
processof mappinga textureonto an objectby settingdefaultsfor texturecoordinates.
Thereareseveralways to specify texturecoordinates.To usethe defaultsgiven by the
Unicon 3D graphics facilities, one can either use WAttrib(ªtexcoord=autoº) or
Texcoord(ªautoº). The defaultsaredependenton the type of primitive andareoutlined
in the table 2.

If theprogrammerwishesto usetexturecoordinatesotherthanthedefaults,these
can be specified in severalways. One can use WAttrib(ªtexcoord=sº) where s is a
commaseparatedstringof realnumbervaluesbetween0.0 and1.0. Eachpair of values
is to betakenasonetexturecoordinate;theremustbeanevennumberof decimalvalues
or theassignmentof texturecoordinateswill fail. Also onecanassigntexturecoordinates
by Texcoord(x1, y1, …) whereeachx andy arereal numbervaluesbetween0.0 and
1.0. Finally one can use Texcoord(L) where L is a list of real number texture
coordinates.The texturecoordinatesspecifiedby the programmerare useddifferently
dependingon the type of primitive to be drawn. If the primitive is a point, line, line
segment,polygon,or filled polygon,thena texturecoordinategiven is assignedto each
vertex.If therearemoretexturecoordinatesthanvertices,theunusedtexturecoordinates
areignored.If therearemoreverticesthantexturecoordinatestheapplicationof a texture
will fail. In orderto usenon defaulttexturecoordinateswith cubes,tori, spheres,disks,
and cylinders a programmershould approximate the desired mapping with filled
polygons. These specifications are given in the following table. 
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Table 2 – texture coordinates and primitives

Primitive Default Texture Coordinates
(from [OpenGL00] chapter 6)

Effect of
Non-default

Texture
Coordinates

Picture

Cube

The texture image is applied to each face of the
cube. 

None

Sphere

Cylinder

The y texture coordinate ranges linearly from
0.0 to 1.0. On spheres this is from
z= -radius to z=radius; on cylinders, from
z = 0 to z = height.  The x texture coordinate
ranges from 0.0 at the positive y-axis to 0.25 at
the positive x-axis, to 0.5 at the negative
y-axis to 0.75 at the negative x-axis back to 1.0
at the positive y-axis. 

None

Filled
Polygon

Line

Polygon

Segment

The x and y texture coordinates are given by
p1x0+p2y0+p3z0+p4w0 

A texture
coordinate is
assigned to a
vertex. 

Torus The x and y texture coordinates are given by
p1x0+p2y0+p3z0+p4w0

None
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3. Examples 
The following sectionprovidesexamplesanda further descriptionof the Unicon

3D graphics facilities. 

3.1 Changing Context Attributes
As mentionedin theabovedesignsection,newcontextattributeshavebeenadded

to the Unicon 3D graphicsfacilities. The usercanchangetheseattributesthroughouta
program.To changefrom an attribute,makea call to WAttrib() with the window to be
drawnon, the attributesto be changed,andtheir new values.Multiple attributescanbe
changed with one call to WAttrib(). This is illustrated in the following line of code, where
the userchangesthe eyeposition to (0.0, 0.0, 5.0) andthe eyedirectionto look at the
positive z-axis on the window w. Sincean assignmentto eyepos, eyedir, eyeup or
eye, redrawsthe screenit is importantto note that the following will redrawthe scene
once. 

WAttrib(w, ªeyepos=0.0,0.0,5.0º,ªeyedir=0.0,0.0,1.0º)

The valuesof the attributescan also be read by using the function WAttrib().
By passingWAttrib() the window andthe nameof the attributeto be read,the userwill
obtainthevalueof thespecifiedattributes.For example,to obtainthevalueof thecurrent
eye position, call  

WAttrib(w, ªeyeposº)

Multiple attributescanbe readwith one call to WAttrib(). This is shownin the
following line of codewheretheuserreadsthecurrentvalueof theeyedirectionandup
direction. 

every put(attrList, WAttrib(w, ªeyedirº, ºeyeupº)

3.2 Drawing Primitives
The following is an exampleon how to use some of the functions to draw

primitives. 

Fg(w, "ambient yellow")
    DrawDisk(w, 0.4, -0.5, -4.0, 0.0, 1.0, 0.0, 0.0, 1.0, 0.5, -5.0, 0.5, 1.0)   
   Fg(w, "diffuse white")
   DrawDisk(w, 0.4, -0.5, -4.0, 0.0, 1.0, 0.0, 225.0,1.0, 0.5, -5.0, 0.5,1.0,0.0,125.0)
    Fg(w, "ambient pink")
    DrawCylinder(w,  0.0, 1.0, -5.0, 1.0, 0.5, 0.3)
    Fg(w, "specular navy")
    DrawDisk(w, -0.5, -0.5, -2.0, 0.5, 0.3)
    Fg(w, "emission green")
    DrawSphere(w, 0.5, 1.0, -3.0, 0.5)
 WAttrib(w, "light0=on, diffuse white")
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The function Fg(), specifiesthe materialpropertiesof an object.Thesematerial
propertiesaffect the color and appearanceof the primitives. After a call to Fg(), all
objectswill be drawnwith the materialpropertiesuntil the materialpropertyis changed
with anothercall to Fg(). In this example,a cubewith a diffusegreenmaterialis drawn
with sidesof length0.7.Thena spherewith a diffusepurpleandambientbluematerialis
drawnwith radius0.5 andcenter (0.4, -0.5, -4.0). Next a diffuse yellow andambient
greytoruswith center(-1.0, 0.4, -4.0), an inner radiusof 0.4,andanouterradiusof 0.5
is drawn.Finally a filled polygonwith a diffuseredmaterialpropertyandthreevertices,
(0.25, -0.25, -1.0), (1.0, 0.25, -4.0) and (1.3, -0.4, -3.0) is drawn. 

3.3 Lighting and Materials
Therearea maximumof eight lights thatcanbeusedin eachsceneof theUnicon

3D graphicsfacilities. The lights are control by the context attributeslight0 through
light7. Each light has five propertiesthat can be changedthroughout the program,
ambient,diffuse,specular,position,andon/off. Thepropertiesof a light canbechanged
by usingWAttrib() andoneof light0 throughlight7. To turn on or off a light, onecan
assignªonº or ªoffº to the light, followed by a commaanda lighting value.A lighting
valueis a string which containsoneor moresemi-colonseparatedlighting properties.A
lighting property is of the form 

diffuse
ambient       color name
specular

If one doesnot want to turn on or off a light, a lighting value is specified.The
following is a line of codewhich turnslight1 on andgivesit diffuseyellow andambient
gold lighting properties. 

WAttrib(w, ªlight1=on, diffuse yellow; ambient goldº)

The following line of codes sets light0 to the default values for the lighting properties. 

WAttrib(w, ªlight0=diffuse white; ambient black; 
specular white; position 0.0, 1.0, 0.0º)

[ ]
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The follow exampleshowsthe differencebetweenthe different typesof lighting
that can be usedin a scene.Eachwindow is the samescenerenderedusing different
lighting. Theupperright scenehasanambientblue-greenlight. Theupperleft scenewas
drawnusinga diffuse blue-greenlight. The lower right sceneusesonly a specularblue-
green light. The scene in the lower left uses all three types of lighting.

   w := open("ambient.icn","gl", "bg=black", "size=400,400")
   WAttrib(w, "light0=on, ambient blue-green", "fg=specular white")
   DrawCylinder(w, 0.0, -0.2, -3.5, 0.75, 0.5, 0.0)
   DrawTorus(w,0.0, -0.2, -3.5, 0.3, 0.7)
   DrawSphere(w,0.0, 0.59, -2.2, 0.3)
  
   x := open("diffuse.icn","gl", "bg=black", "size=400,400")
   WAttrib(x, "light0=on, diffuse blue-green", "fg=specular white")
   DrawCylinder(x, 0.0, -0.2, -3.5, 0.75, 0.5, 0.0)
   DrawTorus(x,0.0, -0.2, -3.5, 0.3, 0.7)
   DrawSphere(x, 0.0, 0.59, -2.2, 0.3)

   y := open("specular.icn","gl", "bg=black", "size=400,400")
   WAttrib(y, "light0=on, specular blue-green", "fg=specular white")
   DrawCylinder(y, 0.0, -0.2, -3.5, 0.75, 0.5, 0.0)
   DrawTorus(y, 0.0, -0.2, -3.5, 0.3, 0.7)
   DrawSphere(y, 0.0, 0.59, -2.2, 0.3)

   z := open("all.icn","gl", "bg=black", "size=400,400")
   WAttrib(z, "light0=on, diffuse blue-green; specular blue-green; _
                                         ambient blue-green", "fg=specular white")
   DrawCylinder(z, 0.0, -0.2, -3.5, 0.75, 0.5, 0.0)
   DrawTorus(z, 0.0, -0.2, -3.5, 0.3, 0.7)
   DrawSphere(z, 0.0, 0.59, -2.2, 0.3)
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MaterialscanbechangedusingFg() or WAttrib() with thecontextattributefg. A
material value is a string containing one or more semi-colon separatedmaterial
properties. Material properties are of the form 

diffuse
ambient      color name or  ªshininess nº, where n is between 0 and 128. 
specular
emission

The default material property type is diffuse, so the call Fg("red") is equivalent to
Fg("diffuse red"). For shininess,a value of 0 spreadsspecularlight broadly acrossan
objectanda valueof 128 focusesspecularlight at a singlepoint. The following line of
code changes the current material property to diffuse green and ambient orange. 

 WAttrib(w, ªfg=diffuse green; ambient orangeº)

The default values of the material properties are given in the following example. 

Fg(w, ªdiffuse light grey; ambient grey; _
      specular black; emission black; shininess 50º)

The following is an exampleof severaldifferent material propertiesusedwithin one
scene. 

Fg(w, "diffuse blue")
DrawCylinder(w, 0.0, -0.2, -3.5, 1.2, 1.0, 0.0)

    Fg(w, "diffuse red")
    DrawTorus(w, 0.0, -0.2, -3.5, 0.3, 1.0)
    Fg(w, "diffuse white; ambient red")
    DrawTorus(w, 0.0, 0.2, -3.5, 0.3, 0.9)
    Fg(w, "shininess 10; diffuse red; specular red; ambient black")
    DrawTorus(w, 0.0, 0.55, -3.5, 0.3, 0.72)

First a cylinder with a diffuse blue material is drawn.Then the bottom torus is
drawn,which hasa diffuse red material.Next the middle torus is draw with a diffuse
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white andambientredproperty.Finally thetop torusis drawnwith a diffusered,specular
red andambientproperty,andshininessof 10. Notice, that in orderan objectnot to be
drawn with a previous material property, that property must be reset to its default. 

The following example shows the effects of emission color on an object. 

 
   Fg(w, "emission blue; diffuse yellow") 
   DrawSphere(w, -1.5, 1.0, -5.0, 0.7)
   Fg(w, "emission black")
   DrawSphere(w, 0.0, 0.0, -5.0, 0.7)
   Fg(w, "emission red")
   DrawSphere(w, 1.5, -1.0, -5.0, 0.7)  

In the above example, there are three diffuse yellow spheres drawn. If an emission
color of blue is appliedto the sphere,the sphereappearswhite with a blue ring. If the
emissioncolor is red, the sphereremainsyellow, but now hasan orange-redring. The
middlesphereshowsthe effectof havingno emissioncolor. Note that in orderto obtain
the diffuse yellow spherein the center,the emissioncolor hadto be changeto black. It
was not needed to change the diffuse material property.

3.4 Textures 
This sectioncontainsseveralexamplesof theuseof texturesin a scene.Thereare

severalwaysto specifythe textureimagein the Unicon 3D graphicsfacilities: a file, an
imagestring,or anotherUniconwindow.Thefollowing exampleshowshow to usea file
as a texture.A .gif imageof a map of the word is usedto texturea torus.The texture
coordinates are the default coordinates as describe in 2.7.  
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    WAttrib(w, "texmode=on", "texture=map.gif")
    DrawTorus(w, 0.0, 0.0, -3.0, 0.3, 0.4) 

 Instead of using WAttrib(w, "texture=map.gif") to specify the .gif file, a call to
Texture(w, "map.gif") could be used to obtain the same result.

Thenextexampleillustratestheuseof animagestringto specifya textureimage.
The format of the string is describedin section2.7. The string usedfor this exampleis
takenfrom Graphics Programming in Icon [Griswold98]page156.This string is usedas
a texture on a cube using the default texture coordinates. 

   WAttrib(w, "texmode=on")
   sphere:= "16,g16, FFFFB98788AEFFFF" ||
     "FFD865554446AFFF FD856886544339FF E8579BA9643323AF"||
     "A569DECA7433215E 7569CDB86433211A 5579AA9643222108"||
     "4456776533221007 4444443332210007 4333333222100008"||
     "533322221100000A 822222111000003D D41111100000019F"||
     "FA200000000018EF FFA4000000028EFF FFFD9532248BFFFF"
   Texture(w, sphere)
   DrawCube(w, 0.0, 0.0, -3.0, 1.2)

Thenextexampleshowstheuseof anotherUniconwindowasa texture.A simple
sceneof a lampis drawnon thefirst window,which is openedin ªglº mode.This window
is thencapturedandusedasa textureon a cylinder. If a Unicon window openedin ªgº
modeasa texturethesamemethodcanbeused.Note that in thefollowing codethe first
window is openedwith size256 x 256.Textureimagesmusthaveheightandwidth that
arepowersof 2, or the systemmustrescalethem.The defaultcoordinatesfor cylinders
are used.
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w := open("win1","gl","bg=light blue","size=256,256")
   Fg(w, "emission pale grey")
   PushMatrix(w)
   Rotate(w, -5.0, 1.0, 0.0, 0.0)
   DrawCylinder(w, 0.0, 0.575, -2.0, 0.15, 0.05, 0.17)
   PopMatrix(w)  
   Fg(w, "diffuse grey; emission black")
    PushMatrix(w)
    Rotate(w, -5.0, 1.0, 0.0, 0.0)
    DrawCylinder(w, 0.0, 0.0, -2.5, 0.7, 0.035, 0.035)
    PopMatrix(w)               
    DrawTorus(w, 0.0, -0.22, -2.5, 0.03, 0.06)
    DrawTorus(w, 0.0, 0.6, -2.5, 0.05, 0.03)

w2 := open("win2.icn","gl","bg=black","size=400,400")
  WAttrib(w2, "texmode=on")
   Texture(w2, w) 
   Fg(w2, "diffuse purple; ambient blue")  

DrawCylinder(w2, 0.0, 0.0, -3.5, 1.2, 0.7,  0.7)

Thenext two examplesillustratetheuseof thedefaulttexturecoordinatesversus
texturecoordinatesspecifiedby the programmer.In both examples,a bi-level imageis
usedasthe textureimage.The format for sucha string is describedin section2.7. This
image is taken from Graphics Programming in Icon [Griswold98] page159. The first
example uses the default texture coordinates for a filled polygon, which in this case is just
a squarewith sidesof length one. In this casethe default texture coordinatesare as
follows. Thecoordinate(0.0, 0.0) of thetextureimageis mappedto thevertex (0.0, 0.0,
-2.0) of the square,(0.0, 1.0) is mappedto (0.0, 1.0, -2.0), (1.0, 1.0) is mappedto (1.0,
1.0, -2.0), and (1.0, 0.0) is mapped to (1.0, 0.0, -2.0).
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    WAttrib(w, "fg=white", "bg=blue", "texmode=on", "texture=4,#8CA9")
    Fg(w, "diffuse purple; ambient blue")
    FillPolygon(w, 0.0, 0.0, -2.0, 0.0, 1.0, -2.0, 1.0, 1.0, -2.0, 1.0, 0.0, -2.0) 

This exampleusesthesametextureimageandthesameobjectto betextured,but
insteadusesthe texturecoordinates (0.0, 1.0), (1.0, 1.0), (1.0, 1.0), and (1.0, 0.0). So
the coordinate(0.0, 1.0) of the textureimageis mappedto the vertex (0.0, 0.0, -2.0) of
thesquare,(1.0, 1.0) is mappedto (0.0, 1.0, -2.0),(1.0, 1.0) is mappedto (1.0, 1.0, -2.0),
and (1.0, 0.0) is mapped to (1.0, 0.0, -2.0). 

    WAttrib(w, "fg=white", "bg=blue", "texmode=on",
                 "texcoord=0.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 0.0", "texture=4,#8CA9")
    FillPolygon(w, 0.0, 0.0, -2.0, 0.0, 1.0, -2.0, 1.0, 1.0, -2.0, 1.0, 0.0, -2.0) 

Also instead of using WAttrib() with the attribute texcoord, the function
Texcoord() could be used. So the line 

WAttrib(w,"texcoord=0.0, 1.0, 1.0, 1.0, 1.0, 1.0,1.0, 0.0")
 
could be replaced by 

Texcoord(w, 0.0, 1.0, 1.0, 1.0, 1.0, 1.0,1.0, 0.0)
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3.5 A Larger Textures Example
The following is a more complicatedexamplethat usesmany featuresof the

Unicon 3D graphicsfacilities describedin the previous sections.This examplealso
illustratesthe effect that addingtextureto a scenecanhave.The sceneon the left is a
scenedrawnwithout any texturing.The sceneon the right containstexturing.Thescene
on the right is a much more realistic scene than the one on the left. 

All texturesusedin the texturedscene,exceptfor the unicorn, wherecaptured
using a digital camera.Theseimageswere then convertedinto .gif files and scaledto
width and height of 2n. Directly using an image file is one featureof the Unicon 3D
graphics facilities that makes adding textures simpler than using OpenGL. 

              
  A untextured scene A textured scene

procedure main()
   &window :=open("textured.icn","gl","bg=black","size=700,700")

   # Draw the floor of the room
   WAttrib("texmode=on", "texture=carpet.gif")
   FillPolygon(-7.0, -0.9, -14.0, -7.0, -7.0, -14.0,
                       7.0, -7.0, -14.0, 7.0, -0.9, -14.0, 3.5, 0.8, -14.0)

   # Draw the right wall
   WAttrib("texture=wall1.gif", "texcoord=0.0, 1.0, 0.0, 0.0, 1.0, 0.0, 1.0, 1.0")
   FillPolygon(2.0, 4.0, -8.0, 8.3, 8.0, -16.0, 8.3, -1.2, -16.0, 2.0, 0.4, -8.0)
  
   # Draw the left wall
   WAttrib("texture=wall2.gif")
   FillPolygon(2.0, 4.0 ,-8.0, -9.0, 8.0, -16.0, -9.0,-1.2,-16.0, 2.0, 0.4, -8.0)

   # Draw a picture
   WAttrib("texture=poster.gif", "texcoord=0.0, 1.0, 0.0, 0.0, 1.0, 0.0, 1.0, 1.0")
   FillPolygon(1.0, 1.2, -3.0, 1.0, 0.7, -3.0, 1.2, 0.5, -2.6, 1.2, 1.0, -2.6)
 
   # Draw another picture
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   WAttrib("texture=unicorn.gif", "texcoord=1.0, 0.0, 0.0, 0.0, 0.0, 1.0, 1.0, 1.0")
   FillPolygon(0.8, 2.0, -9.0, -3.0, 1.6, -9.0, 3.0, 3.9,-9.0, 0.8, 4.0, -9.0)

   # Draw the lamp
   WAttrib("texmode=off")
   PushMatrix()
   Translate(0.7, 0.20, -0.5)
   Fg("emission pale weak yellow")
   PushMatrix()
   Rotate(-5.0, 1.0, 0.0, 0.0)
   Rotate( 5.0, 0.0, 0.0, 1.0)
   DrawCylinder(-0.05, 0.570, -2.0, 0.15, 0.05, 0.17)
   PopMatrix()
   Fg("diffuse grey; emission black")
   PushMatrix()
   Rotate(-5.0, 1.0, 0.0, 0.0)
   Rotate( 6.0, 0.0, 0.0, 1.0)
   DrawCylinder(0.0, 0.0, -2.5, 0.7, 0.035, 0.035)
   PopMatrix()
   PushMatrix()
   Rotate(6.0, 0.0, 0.0, 1.0)
   DrawTorus(-0.02, -0.22, -2.5, 0.03, 0.05)
   PopMatrix()  
   PopMatrix()
   
   # Draw the table 
   WAttrib("texcoord=auto", "texmode=on", "texture=table.gif")

   PushMatrix()
   Rotate(-10.0, 1.0, 0.0,0.0)
   DrawCylinder(0.0, 0.2, -2.0, 0.1, 0.3, 0.3)
   PopMatrix()

   PushMatrix()
   Translate(0.0, -0.09, -1.8)
   Rotate(65.0, 1.0, 0.0, 0.0)
   DrawDisk(0.0, 0.0, 0.0, 0.0, 0.29) 
   PopMatrix()
   
   WAttrib("texmode=off", "fg=diffuse weak brown")
   PushMatrix()
   Rotate(-20.0, 1.0, 0.0,0.0)
   DrawCylinder(0.0, 0.2, -2.2, 0.3, 0.1, 0.1)
   PopMatrix()
   while (e := Event()) ~== "q" do {
      write(image(e), ": ", &x, ",", &y)
      }
end
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In orderto applytexturesto thescene,texturingmustfirst beturnedon. Next, the
textureto beappliedis specified.Thenthe floor of thesceneis drawn,which is doneby
using a filled polygon. The default texture coordinates are used to apply the carpet texture
to the floor of the room.The tiled appearanceon the floor of the room is causedby the
useof thedefaulttexturecoordinates.This canbeavoidedby usinguserdefinedtexture
coordinates.This is what is donefor the texturesthatareappliedto the two walls of the
room and the pictures. 

The lamp doesnot haveany texturingappliedto it, so it is necessaryto turn off
texturingbeforedrawingthelamp.Also for thelampto becenteredproperlyin theroom,
transformationsareused.Notice theuseof matricesto isolatethe transformationsof the
lamp.Finally to drawthetablewith a texturedtop andanuntexturedbase,two cylinders
and a disk are used. Texturing is applied to a cylinder and the disk. Notice the call 
 WAttrib(w, "texcoord=auto")
This resetsthe texturecoordinatesto thedefaults.Finally, texturingis turnedoff to draw
the base of the table.

3.6Animation

Graphicsanimationis performancesensitive,andUnicon is substantiallyslower
thanlower level systemsprogramminglanguagessuchasC andC++. Nevertheless,it is
possibleto prototypesimple3D animationsusingUnicon;applicationswith few moving
objects can achieve smooth animation with acceptable frame rates.

In OpenGL,animationsarenormallywritten to redrawtheentiresceneeachtime
any object has moved, or the user has changedpoint of view. An application can
repeatedlycall EraseArea()followed by the appropriategraphicsprimitives to achieve
this effect, but the resultsoften appearto flicker. It is better to let OpenGL©sbuilt-in
doublebuffering, andUnicon©sruntimesystem,do the redrawing. Unicon maintainsa
displaylist of graphicsoperationsto executewheneverthescreenmustberedrawn;these
operationsare effectively everythingsince the last EraseArea().The display list for a
window can be obtainedby calling WindowContents().The elementsof the list are
Unicon records and lists containing the string names and parametersof graphics
primitives. For example,a call to DrawSphere(w,x,y,z,r)returns(andaddsto thedisplay
list) a recordgl_sphere(“DrawSphere”,x, y, z, r). Insteadof redrawingthe entirescene
in orderto moveanobject,you canmodify its displaylist recordandcall Refresh().The
following codefragmentillustratesanimationby causinga ball to slide up anddown.In
order to “bounce”  the program would need to incorporate physics. 

sphere := DrawSphere(w, x, y, z, r)
increment := 0.2
every i := 1 to 100 do {
   every j := 1 to 100 do {
      sphere.y +:= increment
      Refresh(w)
      }
   }

This techniquegives animationratesof 100-200framesper secondin simple testson
currentmidrangePChardware,indicatingthatthesystemwill supportsmoothanimation,
at least for small numbers of objects.

20



4. Open Issues and Conclusions
The Unicon 3D graphicsfacilities provide many of the featuresof 3D graphics

programming.Severalareasin which improvementsand extensionscan be madehave
been discussedwhere appropriatein previous sections.Besidesthose topics already
mentionedthroughoutthe paper,thereareseveralareaswherework could still be done.
Theseareasinclude animation,composition,and simplification of the design of the
matrix stack. 

The Unicon 3D graphics facilities do not contain special features to simplify the
process of animation. Future work may include the examination of different ways to
directly support animation in Unicon.

Compositionis viewing severaldifferent piecesas one piece.For example,say
the userwantsto implementa moving car.To do this, the userwould needto breakthe
car into severalpieces,possibly,four tires,a carbody,windows,andlights.To makethe
processof simulatingthemovingcareasier,onewould like theseindividual piecesto be
onepiece.Currently,a Unicon programmercandevelopsuchapplicationsusingthe 3D
graphicsfacilities. The questionremainswhethercompositionshould be addedas a
feature of the Unicon 3D graphics facilities.

Thedesignof matricesandtransformationin theUnicon3D graphicsfacilities is
similar to the designof OpenGL.For this reason,there is no advantagegainedover
OpenGLin the areaof transformations.It might be necessaryin the future to consider
waysto simplify matricesandtransformationin Unicon.Oneimprovementto consideris
a reductionin the numberof parametersneededfor function like Translate(), Rotate()
andScale(). Theeliminationof theneedfor two differentmatrix stacksmight beanother
simplification. 

The current Unicon 3D graphicsfacilitates have made an improvementover
OpenGLin termsof the numberof lines of codedneededto implementa 3D graphics
application.Programmersthatwant to develop3D graphicsapplicationsbut do not have
the time to learnoneof the standardtoolkits might find this projectvaluable.Although
theUnicon3D graphicsfacilities providethe importantfeatureof 3D graphics,thereare
somelimitations. One limitation might be the lack of somefeaturein Unicon that are
availablein OpenGL.Another limitation might be the useof defaultparametersthat are
usedin somefeatureof the Unicon 3D graphicsfacilities. Thesedefaultsreducethe
flexibility of the programmerandwill be seenasa restrictionby some.Futurework on
the Unicon 3D graphics facilities might include the addition of attributes or other
mechanismsto removethoseof theselimits which prove to be problems.The current
Unicon 3D graphicsfacilities providea basisin which 3D graphicscanbe implemented
in Unicon. 

5. Functions and Attributes
The built-in functions attributes in the Unicon 3D graphics facilities are described

in this section. For all functions with a window argument W, the parameter can be
omitted. Also the use of ª…º indicates that more arguments can be given. By doing this,
the result is similar to that of multiple function calls. The window argument should not be
specified again for this case. 
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5.1 New Functions

The functions in this section have been added specifically for the Unicon 3D
graphics facilities.

DrawCube(file, real, real, real, real,…): record    draws a cube

DrawCube(W, x, y, z, l¼)  draws a cube with sides of length l at the position (x, y, z) on
the window W. The display list element is returned. This procedure fails if the context
attribute, dim, is set to 2. 

DrawCylinder(file, real, real, real, real, real, real,…): record          draws a cylinder

DrawCylinder(W, x, y, z, h, r1, r2, ¼)   draws a cylinder with a top of radius r1, a bottom
with radius r2, and a height h.  The disk is centered at the point (x, y, z). The display list
element is returned. This procedure fails if the context attribute dim is set to 2.

DrawDisk(file, real, real, real, real, real, real, real,…): record      draws a partial disk

DrawDisk(W, x, y, z, r1, r2, a1, a2, ¼)  draws a disk on the window W centered at (x, y,
z). The inner circle has radius r1 and the outer circle has radius r2. The parameters a1 and
a2 are optional. If they are specified, a partial disk is drawn with a starting angle a1 and
sweeping angle a2. The display list element is returned.

DrawSphere(file, real, real, real, real,…): record             draws a sphere

DrawSphere(W, x, y, z, r,¼)   draws a sphere with radius r centered at (x, y, z) on the
window W. The display list element is returned. This procedure fails if the context
attribute dim is set to 2.
 
DrawTorus(file, real, real, real, real, real,…): record   draws a torus

DrawTorus(W, x, y, z, r1, r2,¼)   draws a torus with inner radius r1, outsider radius r2,
and centered at (x, y, z) on the window W. The display list element is returned. This
procedure fails if the context attribute dim is set to 2.

IdentityMatrix(file): record          loads the identity matrix

IdentityMatrix(W) changes the current matrix to the identity matrix. The display list
element is returned. 

MatrixMode(file, string): record         changes the matrix mode

MatrixMode(W, s) changes the matrix mode to s. The string s must be either ªprojectionº
or ªmodelviewº. Otherwise this procedure fails. The display list element is returned. 

22



PopMatrix(file): record    pops a matrix from the matrix stack

PopMatrix(W) pops the top matrix from the matrix stack. The matrix stack is determined
by the current matrix mode, either ªprojectionº or ªmodelviewº. This procedure fails if
there is only one matrix on the matrix stack.  The display list element is returned. 

PushMatrix(file): record pushes a matrix onto the matrix stack

PushMatrix(W) pushes a copy of the current matrix onto the matrix stack. The current
matrix mode determines what stack the new matrix is pushed upon. This procedure fails
if the matrix mode is ªprojectionº and there are already two matrices on the stack. If the
matrix mode is ªmodelviewº and there are already thirty two matrices on the stack, then
this procedure will fail. The display list element is returned.

Refresh(file):file     redraws the window

Refresh(W) redraws the contents of the window. The window W is returned. 

Rotate(file, real, real, real, real,¼): record   rotates objects

Rotate(W, a, x, y, z,¼)  rotates objects affected by this transformation by the angle a, in
the direction (x, y, z).  The display list element is returned.

Scale(file, real, real, real,¼): record    scales objects

Scale(W, x, y, z,¼)  scales object according to the given x, y and z coordinates. The
display list element is returned.

Texcoord(file, X):list      defines texture coordinates

Texcoord(W, x1, y1, ¼, x n, yn) sets the texture coordinates to x1, y1, ¼, x n, yn. Each x, y,
pair forms one texture coordinate. Every x must match to a y otherwise the assignment of
texture coordinates will fail. 
Texcoord(W, L) sets the texture coordinates to those specified in the list L. 
Texcoord(W, s) sets the texture coordinates to those specified by s. The string s must be
ªautoº otherwise the procedure will fail.  In all cases the display list element is returned.

Texture(file, X): record           applies a texture

Texture(W, s) creates a texture image that is applied to subsequent objects on the window
W. The string s specifies the texture image as a filename, a string of the form
width,pallet,data or width,#,data, where pallet is a pallet from the Unicon 2D graphics
facilities and data is the hexadecimal representation of an image. The display list element
is returned.
Texture(W1, W2) creates a texture image that is applied to subsequent objects on the
window W1. The file W2 is another Unicon window. The contents of W2 are used to
create the texture image. The display list element on W1 is returned. 
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Translate(file, real, real, real,¼): record          translates objects

Translate(W, x, y, z,¼)  moves objects affected by this transformation in the direction
(x, y, z). The display list element is returned.

WindowContents(file):list   produce contents of window

WindowContents(W) returns a Unicon list of display elements, which are records or lists.
Each element has a function name followed by the parameters of the function, or an
attribute followed by its value.  The display list is further described in section 3.6. 

5.2 Extensions from the 2D Graphics Facilities
Several functions from the Unicon 2D graphics facilities have been modified for

use in the 3D facilities. This section describes the parameters and use of these functions.

DrawLine(file, real, real, real, ¼): list       draw a line

DrawLine(W, x1, y1, z1, ¼,xn, yn, zn)  draws a line connecting the n vertices specified by
(x, y, z). If only one set of vertices is given, then no line is drawn. If the attribute dim is
set to 2, then DrawLine(W, x1, y1,¼,xn, yn) draws a line connecting the n vertices of the
form (x, y).  If the attribute dim is set to 4, then  
DrawLine(W, x1, y1,z1, w1¼,xn, yn,zn, wn) draws a line connecting the n vertices of the
form (x, y, z, w). The display list element is returned.

DrawPoint(file, real, real, real, ¼): list      draw points

DrawPoint(W, x1, y1, z1, ¼)  for each set of vertices (x, y, z) a point is drawn.  If the
attribute dim is set to 2, then DrawPoint(W, x1, y1,¼)  draws points of the form (x, y).  If
the attribute dim is set to 4, then  DrawPoint(W, x1,y1,z1,w1¼) draws points of the form
(x, y, z, w).  The display list element is returned.

DrawPolygon(file, real, real, real, ¼): list           draw a polygon

DrawPolygon(W, x1, y1, z1, ¼, xn, yn, zn)  draws an outline of a polygon formed by
connecting  the n vertices of the form (x, y, z). If the value of the context attribute dim is
2 then DrawPolygon(W, x1, y1, ¼, xn, yn)  draws an outline of a polygon using the n
vertices of the form (x, y).  If dim is set to 4, then DrawPolygon(W, x1, y1, z1, w1 ¼, xn,
yn, zn, wn) draws an outline of a polygon formed by connecting  the n vertices of the
form (x, y, z, w). The display list element.

DrawSegment(file, real, real, real, ¼): list          draws segments

DrawSegment(W, x1, y1, z1, x2, y2, z2,¼)  draws a line segment between a pair of
vertices of the form (x, y, z). If the context attribute dim has value 2 then
DrawSegment(W, x1, y1, x2, y2,¼)  draws a line segment between a pair of vertices of
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the form (x, y).  If the context attribute dim has value 4 then DrawSegment(W, x1, y1, z1,
w1, x2, y2, z2, w2,¼)  draws a line segment between a pair of vertices of the form (x, y,
z, w).   If an odd number of vertices if given, then the last vertex is ignored. The display
list element is returned. 

EraseArea():file       clears the contents of the window

EraseArea(W) clears the contents of the window. Although the 2D facilities allow for
specifying a specific area, EraseArea() erases the entire contents of a 3D window. 

Fg(file, string):string      writes/reads the current foreground color 

Fg(W, s) changes the material properties of subsequently drawn objects to the material
properties specified by s. The string s must be one or more semi-colon separated material
properties. A material property is of the form 

      diffuse
     ambient       color name or  ªshininess nº, where n is between 0 and 128. 
     specular
     emission

If string s is omitted, the current values of the material properties will be returned. 

FillPolygon(file, real, real, real, ¼): list            draws a filled polygon

FillPolygon(W, x1, y1, z1, ¼, xn, yn, zn)  draws a filled polygon formed from the n
vertices of the form (x, y, z) and the current foreground color. If the context attribute dim
is set to 2, then FillPolygon(W, x1, y1, ¼, xn, yn)  draws a filled polygon formed from the
n vertices of the form (x, y) and the current foreground color. If dim is set to 4, then
FillPolygon(W, x1, y1, z1, w1 ¼, xn, yn, zn, wn)  draws a filled polygon formed from the
n vertices of the form (x, y, z, w) and the current foreground color.  The display list
element is returned. 

5.3 New Attributes
This section describes the new context attributes that have been added specifically

for the 3D graphics facilities.  

dim       dimensionality of graphic objects

The functions DrawLine(), DrawPolygon(), DrawSegment(), DrawPoint(), and
FillPolygon(), use the value of dim to determine how many coordinates each vertex has. If
ªdim = 2º then DrawTorus(), DrawSphere(), DrawCube(), and DrawCylinder() cannot be
used.  

Values: ª2º, ª3º, or ª4º
Default value: ª3º

[ ]

25



eye  point of view

This attribute assigns the eyepos, eyedir, and eyeup attributes.

Default value:  ª(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0)º

eyedir eye direction
 
The eye direction is the direction in which the eye is looking.

Default value:  ª(0.0, 0.0, 0.0)º

eyepos    eye position

The eye position is the where the eye is currently located. 

Default value:  ª(0.0, 0.0, 0.0)º

eyeup    up direction

The eyeup attribute specifies what direction is up in the scene. 

Default value:  ª(0.0, 1.0, 0.0)º

light0  ... light7          light source properties

There are eight lights in the Unicon 3D graphics facilities. Each light can be assigned
values to each of its properties on/off, diffuse, ambient, specular, and position. The values
of diffuse, ambient, specular are a color specification. The position is given by a (x, y, z)
coordinate. The default values are as follows for the lights. 
 

Light On/Off Diffuse Ambient Specular Position
light0 On white black white (0.0, 0.0, 1.0)
light1-
light7

Off black black black (0.0,0.0,1.0)

texcoord   texture coordinates 

The attribute texcoord can be assigned the value ªautoº, or a string of texture coordinates.
If texcoord has the value ªautoº, texture coordinates are determined by the Unicon 3D
graphics facilities. Otherwise texture coordinates, which are pairs (x, y) with x and y are
between 0.0 and 1.0, are obtained from attribute texture.

Default: ªautoº.
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texmode        enable/disable texturing  

If texmode has the value ªonº, then textures are mapped onto drawn objects. Otherwise
texmode has the value ªoffº, which indicates objects are drawn using the background
color. By default texmode has the value ªoffº.

texture texture image 

The attribute texture is assigned a filename or a string of the following format.
   width,pallet,data  or   width,#,data
where pallet is a pallet defined in the Unicon 2D graphics facilities and data is the
hexadecimal representation of an image. The value assigned to texture is used to create a
texture image which is applied to subsequent objects on the window.  

5.4 Extensions from the 2D Graphics Attributes
Several attributes have been extended to be used in the 3D graphics facilities. The

new meanings of these attributes are described in this section.  

fg      foreground color and material properties

The string assigned to fg must be one or more semi-colon material properties. A material
property is of the form 

     diffuse
     ambient       color name or  ªshininess nº, where n is between 0 and 128. 
     specular
     emission
 
 
linewidth  width of lines

The line width in 3D windows is a real number in world coordinates.

Default value: "1.0"
 

[
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