
PracticeExam for Cmps160.Fall 2001

Instructor:JaneWilhelms

NAME:___________________________________ LOGIN:________________________

Useful Inf ormation – ReadThis First

READ THIS FIRST.
Theexamwill beclosedbook,closednote,nocalculators.I will providescrappaperif needed.
Write ontheexamany informationthatexplainsyourreasoningtowardtheanswer, if youthink

it mayhelptowardpartcredit. Alwaysshow your work. If you just give thefinal answerwith no
indicationof how you got it, youmaynotgetcredit.

Think aboutthe problemratherthanblindly throwing mathematicsat it. Theremight be an
obvioussolution.

Alwayswrite matricesaswe do in class,suchthat thetransformationis appliedon the left of
thecolumnvectorsbeingtransformed,i.e. Matrix2 * Matrix2 * Vector.

Hints: ����������	�

� 	 , ����������	�
�� ����	 , ������������

� 	�� ��	�� , ������������
�� 	!�"��	�� , �����#��$�	�
�� 	!�"� ,���%�&��$�	�
'�(	!��)�$�$ .
This practiceexamcoverstheentirecourse.Thosequestionsin thefollowing list numbered1

areappropriatefor thefirst exam,thosenumbered2 areappropriatefor thesecondexam,andthose
numbered3 areappropriatefor thethird exam.
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Subject Points Score

1 LinearAlgebra

1 Fill Algorithms

1 PolygonScanConversion

1 3D Clipping

1 Window-Viewport

2 2D GeometricalTransformation

2 3D GeometricalTransformation

2 Into Plane

2 Viewing Transformation

2 Projection

2 Viewing PipelineOrder

2 ColorandTransparency

2 IlluminationModels

2 TextureMapping

3 GouraudShading

3 Dithering

3 ScanlineAlgorithmsRevisited

3 ParametricCurvesandSurfaces

3 ModelingTechniques

3 Hierarchies

3 RayTracing

3 HiddenSurfaces

3 PlaneEquations

3 Animation

TOTAL 100
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1 Linear Algebra and Line Drawing (? points)

1. Find a vectorof length1 that is perpendicular(normal)to thesetwo vectors: �*�"��	���+,	!+��"��	���

and �.-/�"��	��0+1	!�2� ��	���
 .

2. Findtheanglein degreesbetweenthesetwovectors: ��	!�"��	���+1	��"	!+,	!� �3	���
 and �*-4	!� �3	���+1	!��	!+1	�� ��	���
 .
3. Whatis thelengthof this vector? �*��+15�+16�
 .
4. Why is Bresenham’s algorithmconsideredsuchagoodway to draw lines?

2 3D Clipping (? points)

A line runsfrom V0 = (-1,-1,0)to V1 = (1,1,1).
A 3D window for parallelorthographicprojectionis definedby
xwmin = 0; xwmax= 2;
ywmin = -1; ywmax= 1;
zwmin= 0; zwmax= 1;
A. WhataretheCohen-Sutherlandclippingcodesfor thevertices,usingthis order:

..........Top......Bottom...Right....Left.....Front....Back

V0

V1

B. Whatis theparametricequationof theline?
C. Whataretheline endpointsafterit is clippedagainstthewindow boundariesin 3D?

3 Fill Algorithms (? points)

Usinga recursive boundaryfill algorithmanda seedof (2,3) for thefollowing picture,how many
timeswill pixel (3,3) beexaminedto checkits color. (Thetraversalis 4-connected.)Assumethe
boundarycolor is darkgrey.

4 ScanLineAlgorithms (? points)

Youarescan-convertinga trianglewith verticesV0=(3,6),V1=(5,4),V2=(3,2).EdgeA goesfrom
V0 to V1. EdgeB goesfrom V1 to V2. EdgeC goesfrom V2 to V3.

a. Show the datastructuresat the beginning of the scan. Also what y-bucket is eachedge
associatedwith?
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Ybucket? Ymax X Delta X

b. Whatis theactiveedgelist at scanline 5? Thatis, at thetimewhenthatscanlineis aboutto
bedisplayed.

Ybucket? Ymax X Delta X

5 Window to Viewport Transformations (? points)

A line is from V0 = (50,0)to V1 = (200,400).
Thewindow is definedby
xwmin = -100;xwmax= 200;ywmin = -200;ywmax= 400;
Theviewport is definedon a1000x 1000screenby
umin = 500;umax= 1000;vmin = 0; vmax= 1000;
Givemethelocationof theline endpointsin viewportcoordinates.Show your reasoning.
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6 2D GeometricalTransformations (? points)

6.1 Line Rotation

A line passesthroughthepointsA:(0,0) andB:(40,30).Usingpoint A asapivot point,whatis the
transformationmatrix to rotatethis line to they-axis?

6.2 Point Transformations

If you rotatethe point (20,30)by -90 degreesandthentranslateit by (20,0)andthenscaleit by
(2,1),wherewill thepoint be? You mustshow thevectorandmatricesusedin thecorrectorder,
andgivethefinal answer.

7 3D GeometricalTransformations (? points)

Youaregivena line whoseverticesareat (1,0,0)to (2,1,0).Rotateapointat (0,1,0)aboutthis line
by 180degrees.

A. Show all thematrix(es)requiredto dothisrotation.Youdon’t haveto show identitymatrices
if thereareany. You shouldNOT multiply themtogetherto getacompositematrix.

B. Whatis thenew locationof thevertex (0,1,0)?

8 Into Plane(? points)

Rotatetheline segmentfrom (1,1,2)to (3,3,5)into theXZ-plane.(Don’t scaleor translateit. Just
applyapurerotation.)

A. Show a rotationmatrix thatwill do this.
B. Whatarethenew locationsof theline segmentendpoints?
C. Whatis thelengthof this line segment?

9 Viewing Transformations (? points)

Theeye is on theorigin andlookingat thepoint (1,0,1).The”Up” viewing directionis (0,0,1).
A. What is theviewing matrix (call it :
;.<>=�? ) thatwill createa ”canonicalviewing situation”

(i.e.,createasituationwheretheeye is at theorigin lookingdown negativez-axis)from theabove
situation? Note: I meanthe matrix that moves the camerato a canonicalsituation,NOT the
projectionmatrix.

B. Whatis thecoordinateof thepoint (1,1,1)afterthis viewing transformationis applied?
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10 Projection (? points)

10.1 Parallel Orthographic

A line runsfrom (100,200,-300)to (100,200,-400).No geometricaltransformationsareappliedto
it. Theviewing situationis canonical.AssumeNO clipping is done.

Whataretheendpointsof thisline afterprojectionto 2D usingparallelorthographicprojection?
Theprojectionplaneis (0,0,-10).

Perspective

Assumea perspective viewing situationsuchthat theprojectionplaneis at z = -10. Theeye is at
(0,0,0).

A. Whatis theperspectiveprojectionmatrix suchasituationwoulduse?
B. Wheredoesthepoint (30,10,-20)projectto? (Show thepoint in homogeneouscoordinates

with a “w” componentof 1.0.)

11 Order (? points)

The operationsbelow form a sequencethat is appliedto geometricprimitivesto make a desired
image. However, theoperationsaren’t in the right sequence.Give me thesequenceof matrices,
geometricprimitives(e.g. vectors“ @ ”) in the correctorder. Also indicatewherein thepipeline
clipping takesplace.

:
?!<"A�B.CD?FE�;.<>=�?�GHCDIKJ L :
M*=DC�N :
;.<>=�? L @ L :OG1IPCRQ
What is theright order?(Give thetransformationin left to right order, not theorderin which

matriceswouldbemultiplied.)

12 Color and Transparency(? points)

12.1 Colors

A. Draw thespectrumfor a color with a reddishdominantfrequency (wavelength650)thatis 100
energy unitsin intensityandthatis 50%saturated.

B. Draw a CIE XY diagram. Label white. Draw and label two points representingcolors
thatarecomplementary. Draw andlabela totally saturatedgreenpoint anda half-saturatedgreen
point. Show wherea half-saturatedgreenpoint of half intensity is comparedto a half-saturated
greenpoint of full intensity.

C. Given(red,green,blue)triplets�*����	!+����!+�����
 ,��	!���!+���6!+���6�
 ,�*�2��+��2��+��2�#
 ,
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Which is mostbright?
Which is mostpure?
D. Whatis thehue(word in english)of theRGB value(1.0,1.0,0)?
Whatis thenumericsaturationof theRGB value(0.0,1.0,0.0)?
Whatis thevalueof theRGB value(0,0,0)?

12.2 Transparency

If a redpixel (1, 0, 0, 0.5) that is 50%opaqueis in front of a greenpixel (0, 1, 0, 0.5) that is 50%
opaque,whatis theopacityof thecompositepixel takingaccountof both?

If you weredrawing a picturewith a scanlinehiddensurfacealgorithm,how couldyou alter
theprogramto take into accounttransparency correctly?

13 Illumination Models (? points)

Assumenodistanceeffect. Tripletsreferto (red,green,blue):

Intensity_ambient = (0, 1, 0)
Intensity_light = (1, 1, 1)
ka = kd = ks = (1, 0, 0)
n = 2

Tripletsrefersto (x,y,z):

Normal_to_surface = (0, 1, 0)
Light_direction = (.866, .5, 0)
Eye_direction = (0, .7, .7)

a. Whatis theambientcolor of thesurface?
b. Whatis thediffusecolorof thesurface?
c. Whatis thereflectionvector?
d. Whatis thespecularcolor of thesurface?
e. Whatis thetotal color overallof thesurface?(1,0,0)+ (.5,0,0)+ (.1,0,0)= (1.6,0,0)

14 Gouraud Shading(? points)

UsingGouraudshadingwith thescanlinerenderingalgorithm,give thecolor of pixel (scanline3,
pixel 8) in the following diagram(this pixel is shown asan emptycircle). By color, assumethe
light reflectedoff thesurfacefoundusingtheambient/diffuse/specularmodelof illumination.

Pixel A is colored(0, 0.2, 1.0). Pixel B is colored(0, 1.0, 0.0). Pixel C is colored(1.0, 1.0,
1.0).

You mustgive theequationsthatyouusedto calculateyour answer, not just thefinal answer.
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15 Dither matrix (? points)

If thedithermatrix is

---------
| 0 | 2 |
---------
| 3 | 1 |
---------

And thecalculatedintensities(min 0 max4) in theimageare

-----------------
| 1 | 1 | 1 | 1 |
-----------------
| 1 | 1 | 1 | 1 |
-----------------

Whataretheactualcolors(0 = blackand1 = white) in theframebuffer if theimageis dithered
to blackandwhite?Fill in theframebuffer below with 0 and1.

-----------------
| | | | |
-----------------
| | | | |
-----------------
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16 TextureMapping (? points)

Imaginea texture that is 100wide and25 high thatconsistsof four X’s which fill the texture left
to right (XXXX). You wantto mapthis ontoa trianglewith vertices(0,0),(1,0),(0,1).Thetexture
coordinatefor vertex (0,0) is (0,0). Thetexturecoordinatefor vertex (1,0) is (.25,0.0).Thetexture
coordinatefor vertex (0,1) is (0,1.0).

Draw whatthetexturemappedtrianglelookslikebelow.

17 ScanlineAlgorithms Revisited (? points)

Whataretheedgedatastructuresfor thetrianglewith verticesV0=(3,6,9),V1=(5,5,8),V2=(7,7,7).
EdgeA goesfrom V0 to V1. EdgeB goesfrom V1 to V2. EdgeC goesfrom V2 to V0. Assume
you areinterpolatinggrey scaleto do Gouraudshading.V0 andV2 arecolored1. V1 is colored
0.4

a. Whatis thez-depthvaluesat pixel on scanline6 at pixel 5 (x,y) = (5,6).
b. Whatis theintensityat thatpixel?

18 Parametric Curvesand Surfaces(? points)

18.1 CurveComparisons

Give onecasewherea hermiteformulationwould be superiorto a bezier, andonecasewherea
b-splinewouldbepreferableto abezier.

Are the two beziersegmentsC1 continuous?SHOW why or why not, usingequationsand
figures.

18.2 Curves

Thecontrolpointsfor a2D Catmull-Romsplineare(0,0),(1,10),(2,-10),(3,0).Draw thecurve that
interpolatesP1(1,10)to P2(2,-10)for parametervaluest=0 to t=1.

Calculatethelocationof point t=0.5.Youmustshow how youcalculatethismathematicallyto
getfull credit.

18.3 Continuity

For theBeziercurvebelow, arethetwo segmentsC1continuous.
If not,whatpoint wouldyouhave to moveandto where,in orderto achieveC1continuity?
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18.4 Surfaces

Givethematrices(with numericvalues)for calculatingany point x,y, andz for aparametriccubic
bezierpatchwhich is planarandis perpendicularto the z-axis. Onecornerof the patchis point
(1,1,1)andtheoppositecorneris (4,4,1)andthecontrolpointsareequallyspace.

18.5 Characteristics

Whatcurvesthatwe discussedin classareinterpolating?
Whatcurvesthatwediscussedin classhaveC2continuity.
Whatcurvesthatwediscussedin classhave theconvex hull property.
Draw theconvex hull for thecontrolpointsshown below.

19 Other Modeling Approaches(points)

19.1 Techniques

Give3 waysto createathree-dimageof pebbles.E.g.,onewaywouldbeto createalot of polygon
primitives,onefor eachpebble.(Youcan’t usethatone!) Explainbriefly.

19.2 Quadric Surfaces

[ �]\&+�^F+1_�
'�(63\a`b-c��^0`edf_�`gdh5i\j-k^ldm��	

is a quadricsurface.Are thepoints(1,1,1)and(0,0,0)on thesurface?If not, arethey on the
samesideof thesurface?

19.3 Implicit Surfaces

Thetwo pointsbelow eachradiateafield thatincreasewith thedistancefrom thepoint. Thevalue
ateachpoint in thefield is thesumof thevaluesfrom thecontributingpoints.Draw theisosurface
wherethefield valueis 3.

20 Hierar chies(? points)

Assumeathree-segmentarmwherethefirst segmentis length3, thesecondlength2, andthethird
length1. Initially, all arelined up asshown in thefigureon theleft. After rotatingby -90 degrees
at thejoint betweenthefirst andsecondsegment,theconfigurationis asshown on theright.

How canyou calculatetheworld spacelocationsof pointsin local segmentspaces?Show the
matrices.
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Whereis the endof the third segmentin world space(locally is 1,0,0)? (Even if you don’t
know thematrices,youcanprobablyfigureit out.)

21 Hidden SurfaceAlgorithms (? points)

21.1 GeneralMethods

Explain briefly how eachof theseworks: WarnockArea Subdivision, Weiler-AthertonCookie-
Cutter, Ray-casting,Z-buffer, Octree,FloatingHorizon,Watkin’s Scanline,Painter’s Algorithms,
Ray-tracing.

21.2 Efficiency

For the below scene,which algorithmwould probablybe mostefficient andwhy? A painter’s,
zbuffer, ray-tracing,or area-subdivision?

Explainyour reasoningin bothcases.

21.3 Z-Buffers

Redpolygon(R) hasvertices(1,1,0) to (3,1,0) to (3,3,4) to (1,3,4). Cyanpolygon(C) hasver-
tices(2,2,1)to (3,2,1)to (3,3,1) to (2,3,1). The framebuffer is initially set to Black (B) andthe
Z-buffer to a largevalue(i).

Show thevaluesin theframebuffer andz-buffer afterthesetwo polygonsarerendered.
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22 Ray Tracing (? points)

Show the pathof the tracedspecularray from the eye to the light assumeobjectB is a mirror.
Show thepathof a transmittedray with refraction.Show thepathof a shadow ray. Is thepoint in
shadow?

23 PlaneEquation (? points)

Whatis theplaneequationfor this triangle? ��	!+1	�+1	�
 to �.��+���+���
 to �*��+,	!+1	�

If you werescanconverting this triangle,whatwould thedifferencein z valueat a pixel that

wasdirectlyabove(y+1) agivenpixel?
Whatwouldbethedifferencein z valueata pixel directly to theright of (x+1) agivenpixel?
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