Practice Exam for Cmps 160. Fall 2003

Instructor:JaneWilhelms

NANE: LOAE N:

Useful Information — Read This First

READ THIS FIRST.

Theexamwill beclosedbook,closednote,no calculatorsl will provide scrappaperf needed.

Write ontheexamary informationthatexplainsyour reasoningowardtheansweyif youthink
it may helptoward partcredit. Alwaysshaow your work. If you just give the final answerwith no
indicationof how you gotit, you maynotgetcredit.

Think aboutthe problemratherthanblindly throwing mathematicsatit. Theremight be an
obvioussolution.

Alwayswrite matricesaswe do in class,suchthatthe transformatioris appliedon the left of
the columnvectorsbeingtransformedi.e. Matrix2 * Matrix2 * Vector

Hints: cos(90) = 0, sin(90) = 1.0, cos(45) = 0.707, sin(45) = 0.707, cos(60) = 0.5,
sin(60) = 0.866.

This practiceexam coversthe entirecourse.Thosequestionsn thefollowing list numberedL
areappropriatdor thefirstexam,thosenumbere® areTENTATIVELY appropriatdor thesecond
exam,andthosenumbere® areappropriatdor thethird exam. (Theselectiorfor thesecondexam
is somavhattentatve asit depend®n how farwe getbeforethetest.)
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PolygonClipping
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Projection

Viewing PipelineOrder
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1 Linear Algebra (? points)

1.

Find a vectorof length1 thatis perpendiculafnormal)to thesetwo vectors:(.707, 0, .707)
and(—.707,0..707).

ANSWER (0,1,0 or (0,-1,0)

. Findtheanglein degreesetweerthesawo vectors:(0.707,0.0,0.707) and(—0.707, 0.0, 0.707).

ANSWER 90 degrees

. Whatis thelengthof this vector?(1, 2, 3).

ANSWER sqguare root of 14

If the polarcoordinate®f a pointare(10,45degrees)whatarethe Cartesiarcoordinates?
ANSWER (7.07,7.07)

Whatis the dot productof thesetwo vectors:(0.866,0.5,0)0,4,0)?
ANSWER (2)

. What is the cosineof the angle and theanglebetweenthesetwo vectors: (0.866,0.5,0)

(0,4,0)?
ANSWER (0.5 and 60 degrees)

. Whatis the crossproductof thesetwo vectors?0.866,0.5,0X (0,4,0)?

(0,03.2)



2 Line Drawing (? points)

1. Whatis theslope-intersediorm of theline equationfrom (2,1)to (5,3)?
ANSWERY = 2x/3 - 1/3

2. Whatarethe parametridine equationgor theabove line?
ANSWERX =2+ 3t;y=1+ 2t

3. In Bresenhans algorithm,for lineswith integerendpointsanda slopebetweerD andl, the
decisionparameteP is initialized to 2*dy - dx. If thepresenP is negative,you add2*dy to
find thenew one;elseyou add2*(dy - dx). Y is only incrementedf P is positive.

Fortheline above, whatpixelsarecoloredin, andwhatis thevalueof thedecisionparameter
P ateachX integervalue?

ANSWER
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3 Fill Algorithms (? points)

Usingarecursve boundaryfill algorithmanda seedof (2,3) for thefollowing picture,how mary
timeswill pixel (1,3) be examinedto checkits color. (Thetraversalis 4-connected.)Assumethe
boundarycoloris darkgrey.

ANSWER 3 times



4 3D Line Clipping (? points)
A line runsfrom VO = (-1,-1,0)to V1 = (1,1,1).
A 3D window for parallelorthographigrojectionis definedby
Xxwmin = 0; xwmax= 2;
ywmin = -1; ywmax=1;
zwmin=1; zwmax= 0;

1. Whatarethe Cohen-Sutherlandlipping codesfor the vertices,usingthis order:

.......... Above......Below....Right....Left.....Front....Back
VO

V1

ANSAER VO = [000100] V1 = [000000]

2. Whatis the parametrieequationof theline?
ANSWERX = -1+ 2t; y=-1+ 2t; z=t

3. Whataretheline endpointsafterit is clippedagainsthewindow boundariesn 3D?
ANSWER (0,0,0.5)



5 Polygon Clipping (? points)

Thewindow is definedby (0,10)in X and(0,10)in Y. Thepolygonverticesare(5,5)(15,5)(15,15)(5,15),
callthem(A,B,C,D) in thatorder

Assumethatclipping will beagainstheboundariesn this order:left, right, top, bottom.

Theinitial list of verticesis L=B-C-D-A.

Shaw thelists afterclipping againstachboundary

ANSWER Lleft = A-C-D; Lright = IntAB-IntCD-D-A; Ltop = Int(IntAB-IntCD)-IntDA-A-IntAB;
Lbottom = Ltop;

6 Anti-Aliasing (? points)

Be ableto explain how supersamplingareasampling.andfiltering canbe usedfor anti-aliasing.



7 Polygon ScanConversion (? points)

You arescan-cowuertingatrianglewith verticesv0=(3,6),V1=(5,4),V2=(3,2). EdgeA goesfrom
VO to V1. EdgeB goesfrom V1 to V2. EdgeC goesfrom V2 to V3.

1. Shaw the datastructuresat the beginning of the scan. Also what y-bucket is eachedge
associateavith?

Ybucket ? Ymax X Delta X

ANSWER4 - Edge A - [6,5,-1]
2 - Edge C[6,3,0] - Edge B[4,3,1]

2. Whatis the active edgelist atscanline 5? Thatis, atthetime whenthatscanlineis aboutto
bedisplayed.

Ybucket ? Ymax X Delta X

ANSWERAEL - Edge C[6,3,0] - Edge A [6,4,-1]

8 Window to Viewport Transformations (? points)

A line is from VO = (50,0)to V1 = (200,400).
Thewindow is definedby
xwmin = -100;xwmax= 200;ywmin = -200; ywmax= 400;
Theviewportis definedona 1000x 1000screery
umin = 500;umax= 1000;vmin = 0; vmax= 1000;
Give methelocationof theline endpointgn viewport coordinatesShown your reasoning.
ANSWER (750,333)-(1000,1000)



9 2D Geometrical Transformations (? points)

9.1 Line Rotation

A line passeshroughthepointsA:(0,0) andB:(40,30).Usingpoint A asa pivot point, whatis the
transformatiormatrix to rotatethis line to they-axis?

ANSWER cos = 3/5; sin = 4/5 to rotate into y-axis.
mat [3/5, -4/5, 4/5, 3/5] so B goes to (0, 50).

9.2 Point Transformations

If you rotatethe point (20,30)by -90 degreesandthentranslateit by (20,0) andthenscaleit by
(2,1),wherewill the point be? You mustshav the vectorandmatricesusedin the correctorder
andgive thefinal answer Do not multiply the matricesby eachotherto give onematrix.

ANSWER rot (30,-20,1) trans (50,-20,1) scale (100,-20,1);

10 3D Geometrical Transformations (? points)

Youaregivenaline whoseverticesareat(1,0,0)to (2,1,0).Rotatea pointat(0,1,0)aboutthis line
by 180degrees.

A. Shaw all thematrix(es)equiredo dothisrotation. Youdon't have to shav identity matrices
if thereareary. You shouldNOT multiply themtogetheito geta compositematrix.

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

ANSWVER (ot hers possi bl e)

translate T(-1,0,0). gives a line in XY plane 45 deg angl e

goes through (1,1,0).

rotate -45 deg around z into x-axis, rotate 180 degrees around X,
rotate 45 degrees back translate T(1,0,0).

final location of point is (2,-1,0).

in sequence (0,1,0)-> (-1,1,0)-> (0,1.4,0)-> (0,-1.4,0)
->(1,-1,0-> (2,-1,0)

11 Into Plane(? points)

Rotatetheline segmentfrom (1,1,2)to (3,3,5)into the XZ-plane. (Don't scaleor translatdt. Just
applyapurerotation.)

A. Shaw arotationmatrix thatwill dothis.

B. Whatarethe new locationsof the line segmentendpoints?

C. Whatis thelengthof thisline sgment?



A. rot z -45 degrees (project line into XY plane to find cos and sine)
B. (1.4,0,2) to (4.2,0,5)
C. sgrt( 8 + 9) =sqgrt (17). (sane as original line)

12 Viewing Transformations (? points)

Theeyeis ontheorigin andlooking atthe point(1,0,1). The”Up” viewing directionis (0,0,1).

A. Whatis the viewing matrix (call it M,;.,,) thatwill createa "canonicalviewing situation”
(i.e., createa situationwheretheeye is at the origin looking down negative z-axis)from theabove
situation? Note: | meanthe matrix that moves the camerato a canonicalsituation, NOT the
projectionmatrix.

B. Whatis the coordinateof the point (1,0,1)afterthis viewing transformations applied?

ANSVER: UPxZ then, ZxX
0-10

-.70 .7

-.7 0 -.7

pt at (0,0,-1.4).

13 Projection (? points)

13.1 Parallel Orthographic

A line runsfrom (100,200,-300jo (100,200,-400)No geometricatransformationsreappliedto
it. Theviewing situationis canonical AssumeNO clippingis done.

Whataretheendpointof thisline afterprojectionto 2D usingparallelorthographigrojection?
Theprojectionplaneis (0,0,-10).

Answer - (100,200) to (100,200) or (100, 200,-10) to (100, 200, - 10).

Perspectve

Assumea perspectie viewing situationsuchthatthe projectionplaneis atz = -10. Theeye is at
(0,0,0).

A. Whatis the perspectre projectionmatrix sucha situationwould use?

B. Wheredoesthe point (30,10,-20)projectto? (Shav the pointin homogeneousoordinates
with a“w” componentf 1.0.) Don’t forgetthe homogeneousdivide.

10
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14 Order (? points)

The operationsbelon form a sequencehatis appliedto geometricprimitivesto make a desired
image. However, the operationsarent in the right sequenceGive me the sequencef matrices,
geometricprimitives(e.g. vectors*V”) in the correctorder Also indicatewherein the pipeline
clipping takesplace.
Mwindowfviewport * Mgeom Mview * Voo Mproj
What is the right order? Give the matricesin the orderin which the mathematicsvould be
carriedout, usingthesematricesandvector

Answer: Mw * Mp * M * M * V

15 Color and Transparency(? points)

15.1 Colors

A. Draw the spectrunfor a colorwith areddishdominantfrequeng (wavelength650)thatis 100
enegy unitsin intensityandthatis 50%saturated.

Answer :
straight line at 50 energy units with spi ke at about
650 nanoneters to 100 units.

B. Draw a CIE XY diagram. Label white. Draw and label two points representingolors
thatarecomplementaryDraw andlabelatotally saturatedyreenpoint anda half-saturatedyreen
point. Shov wherea half-saturatedyreenpoint of half intensityis comparedo a half-saturated
greenpointof full intensity

Answer: Approximately in the mddle is daylight;

conpl enmentary colors are on opposite ends of a |ine through white.
green is on top edge and half-saturated is halfway fromthere to
white. intensity doesn’'t change position on cie diagram

11



C. Given(red,green,blu€liplets

(1.0,.9,.9),

(0.9,.3,.3),

(.1,.1,.1),

Whichis mostbright? Answer: (1.0, .9, .9).

Whichis mostpure?Answer: (.9, .3, .3)

D. Whatis thehue(wordin english)of theRGB value(1.0,1.0,0)?Answer:yellow

E. Whatis the numericsaturatiorof the RGB value(0.0,1.0,0.0)Answer: 100%or 1.0
F. Whatis thevalueof the RGB value(0,0,0)?Answer:0.

G. Whatis the RGB valueof theHSV value(0,0,1)?Answer:(1,1,1)

15.2 Transparency

If aredpixel (1,0, 0, 0.5)thatis 50% opaquss in front of a greenpixel (0, 1, 0, 0.5) thatis 50%
opaquewhatis the opacityof the compositepixel takingaccountof both?

Answer :
.75 (.5 fromfront and .25 (half) of behind gets through).

If you weredrawing a picturewith a scanlinehiddensurfacealgorithm,how could you alter
the programto take into accountransparengcorrectly?

Answer :

keep present transparency and interpolate |ike x.

accurmul ate depth sorted list at pixels front to back until
opacity is 1 (need al pha buffer)

or do back to front (don’t need al pha buffer).

16 Illumination Models (? points)
Assumeno distanceeffect. Tripletsreferto (red,greenblue):

Intensity anmbient = (0, 1, 0)
(1

Intensity light = 1, 1)
ka = (0.1,0,0)

ka = kd = ks = (1, 0, 0)

n =2

Tripletsrefersto (X,y,2):

Normal to surface = (0, 1, 0)
Li ght _direction = (.866, .5, 0)
Eye direction = (0, .7, .7)

12



a. Whatis theambientcolor of the surface?
answer(0,0,0)=(1,0,0)*(0,1,0)

b. Whatis thediffusecolor of the surface?
answer(N*L)=0.5. Id = 0.5*%(1,1,1)*(1,0,0)= (0.5,0,0)
c. Whatis thereflectionvector?

answer(-.866,.5,0)

d. Whatis the specularcolor of the surface?
answer(V.R)2 « I x ks = ((0,.7,.7) x (—.86,.5,0))% % (1,0,0) x Z(1,1,1)
(.1225,0,0)

e. Whatis thetotal color overall of the surface?
answer(0,0,0)+ (.5,0,0)+ (.1225,0,0) (.6225,0,0)

17 Gouraud Shading(? points)

Using Gouraudshadingwith the scanlinerenderingalgorithm,give the color of pixel (scanline3,
pixel 8) in the following diagram(this pixel is shovn asanemptycircle). By color, assumehe
light reflectedoff the surfacefound usingthe ambient/difuse/speculamodelof 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 the equationghatyou usedto calculateyour answeynot just thefinal answer

5 /.C

)
N

1 ‘= :
®

Answer: going up the left edge, intensity half way is (.5,.6,1.0).
up the right edge, intensity halfway is (.5,1.,5).
M dway across scanline intensity isis (.5,.8,.75).

13



Intensity change, |left edge, per scanline = (lytop - Iybottom/(ytop -
ybottom

I ntensity change, right edge, per scanline = (Ixright - Ixleft)/(xright -
xl eft)

18 Dither matrix (? points)

If thedithermatrixis

Whataretheactualcolors(0 = blackandl1 = white) in theframebuffer if theimageis dithered
to blackandwhite?Fill in theframebuffer belov with 0 and1.

r - if fb[] > d[] turn on.

19 Texture Mapping (? points)

Imagineatexture thatis 100 wide and 25 high that consistsof four X’s whichfill the texture left
to right (XXXX). Youwantto mapthis ontoatrianglewith 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 whatthetexture mappedrianglelookslik e below.

Answer | ower |eft diagonal of one x.

14



20 ScanlineAlgorithms Revisited (? points)

Whataretheedgedatastructuredor thetrianglewith verticesv0=(3,6,9),v1=(5,5,8),v2=(7,7,7).
EdgeA goesfrom VO to V1. EdgeB goesfrom V1 to V2. EdgeC goesfrom V2 to VO. Assume
you areinterpolatinggrey scaleto do Gouraudshading.VO andV2 arecoloredl. V1 is colored
0.4

a. Whatis the z-depthvaluesat pixel on scanlines at pixel 5 (x,y) = (5,6).

b. Whatis theintensityatthatpixel?

answer
Edge ynmax x dx ¢ dc z dz
A65-2.4.681
B751.4.38-.5

C7341009 -2

AEL-6: Clor Al (7, 3, 4, 1, 0, 9, -2) - B(7, 6, 1, .7, .3, 7.5, 1)

zdepth at (5,6) = 8.00
color is .8

First find the values for x, color, and z for the |left edge on scanline
6, then find these values for the right edge. then, interpolate
bet ween these two val ues across the intervening pixels.

21 Parametric Curvesand Surfaces(? points)

21.1 Curve Comparisons

Give onecasewherea hermiteformulationwould be superiorto a bezier andone casewherea
b-splinewould be preferableo abezier

control tangents independently, interpolates
b-spline gives c2 continuity.

Are the two beziersegmentsC1 continuous? SHON why or why not, using equationsand
figures.

if lines are continuous, subtract vectors should be equal.
i.e. V3 - V2 of first curve = V1 - VO of second curve.

15



21.2 Curves

The controlpointsfor a 2D Beziercurve are(P0to P3)(0,0),(1,10),(2,-10),(3,0)Draw the curve
thatinterpolated?0to P3for parameteraluest=0 to t=1.

Calculatethelocationof pointt=0.5. You mustshonv how you calculatethis mathematicallyo
getfull credit.

Answer Pt(t) =T MG= (.125, .25, .5, 1)*Mezier*(Ptx, Pty) = (1.5,0)

21.3 Continuity

For the Beziercurve below, arethetwo segmentsC1 continuous.
If not, whatpointwould you have to move andto where,in orderto achieve C1 continuity?

21.4 Surfaces

Givethe matricegwith numericvalues)for calculatingany pointx,y, andz for a parametriccubic
bezierpatchwhich is planarandis perpendiculato the z-axis. One cornerof the patchis point
(1,1,1)andtheoppositecorneris (4,4,1)andthe controlpointsareequallyspace.

Y%answer for x
Wl 2 3 4

°d 2 3 4

%1 2 3 4

%1 2 3 4
Y%answer for y
ol 1 1 1
w22 2

%3 3 3 3

0%t 4 4 4
Y%answer for z
% al |l ones

to do the surface, Pt(s,t) =T * Mezier * Gmatrix * Moezier _transpose * S |

21.5 Characteristics

Whatcurvesthatwe discussedh classareinterpolating?answer. hermite,catmull-rom(cardinal)
Whatcurvesthatwe discussedn classhave C2 continuity.
answelb-splineshurbs
Whatcurvesthatwe discussedn classhave the corvex hull property
answelbezier b-spline,nurb
Draw the convex hull for the control pointsshowvn below.

16



22 Other Modeling Approachegpoints)

22.1 Techniques

Give 3 waysto createanimageof pebblesusing3D computergraphics.E.g.,oneway would be
to createa lot of polygonprimitives,onefor eachpebble,andrenderit. (You cant usethatone!)
Explainbriefly.

answerbump map,texture map,displacementnap,fractal. (alsoneedto explain)

22.2 Quadric Surfaces

flo,y,2) =32 —4y* + 22+ 2xr —y + 10

is aquadricsurface. Are the points(1,1,1)and(0,0,0)on the surface?If not, arethey onthe
samesideof thesurface?

answerl,1,1is 11;0,0,0is 10, sobothon samesidenoton. just plugin the (x,y,z) valuein the
equationif thepointis onthesurface thevalueof f(x,y,z) will be0. if it is onthe positive side, it
will bepositive. if it is onthe negatve side,it will be negative.

22.3 Implicit Surfaces

Thetwo pointsbelow at a distanceof 1.5 aparteachradiatean implicit field thatincreasesith
distancefrom the point. The value at eachpoint in the field is the sum of the valuesfrom the
contributing points. Draw theisosuraicewherethefield valueis 3.

answer:an ellipse. generallythe implicit function dropsoff with distance put in this simple
caseyoujustaddtheactualdistancdrom arny pointto thetwo pointsof interestto getthefunction
value.if thefunctionvalue(this sum)is three,you areonthecurwe. thisturnsoutto beanellipse,
giventwo points.

23 Hierar chies(? points)

Assumea 2D three-sgmentarmwherethefirst sggmentis length3, the secondength2, andthe
third length 1. Initially, all arelined up left to right alongthe X-axis. A rotationof -90is applied
betweerthe secondandthird segments

How canyou calculatethe world spacdocationsof pointsin local segmentspacesShaw the
matrices.

Pt world = T _segl default * T segl state * Tseg2 defaul t
*Tseg2 _state * Tseg3 default * Tseg3 state * Pt _seg3

Pt (seg3) = (1,0,1) (honbgeneous coordi nates;

Tseg3 state = rotate -90 degrees;

17



Tseg3 default = translate (2,0);
Tseg3 default = translate (3,0);
all other matrices are identity nmatrices.

Whereis the end of the third segmentin world space(locally is 1,0,0)? (Evenif you don’t
know thematricesyou canprobablyfigureit out.)
Answer(5,-1)

24 Hidden Surface Algorithms (? points)

24.1 General Methods

Explain briefly how eachof theseworks: WarnockArea Subdvision, Weiler-Atherton Cookie-
Cutter Ray-castingZ-buffer, Octree,FloatingHorizon, Watkin's Scanline Painters Algorithms,
Ray-tracing.

Whenarethe prosandconsof thesedifferentalgorithms.

24.2 Efficiency

For the belov scenewhich algorithmwould probablybe mostefficient andwhy? A painters,
zhuffer, ray-tracing,or area-subdiision? Explainyour reasoning.

For exanpl e:

if it is large square polygons, area-subdivision.
if it is large oblique polygons, cookie-cutter.
if it is lots of tiny polygons, z-buffer.

24.3 Z-Buffers

Red polygon (R) hasvertices(1,1,0) to (3,1,0)to (3,3,-4)to (1,3,-4). Cyan polygon (C) has
vertices(2,2,-1}o (3,2,-1)to (3,3,-1)to (2,3,-1). The frame buffer is initially setto Black (B)
andthe Z-buffer to alargevalue(i).

Shawv thevaluesin theframebuffer andz-buffer afterthesetwo polygonsarerendered.

18
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There is sonme possible confusion here between left- and right-handed coordi
systens. t he hidden surface algorithmis applied after the view

ing transformation

transforns everything so that the viewer is |ooking down the nega-

tive Z-axis.

so in this case, visible objects are normally at negative z-val ues.

however, traditionally, z-buffers actually hold distance val ues (which anoul
to using a | eft-handed coordi nate systen), so if the point is at val ue
(1,1,-5), and was visible, then a 5 should be put in the z-buffer, assum ng
the eye is at the origin. 1in that case, an object at z = -5 woul d be cl osel
than an object at z = -10.

25 Ray Tracing (? points)
Shaw the path of the tracedspecularay from the eye to the light assumeobjectB is a mirror.

Shawv the pathof atransmittedray with refraction.Show the pathof a shadev ray. Is the pointin
shadav?

19



26 PlaneEquation (? points)
Whatis the planeequatiorfor thistriangle?(0,0,0) to (1,1, 1) to (1,0, 0)

answer
(0,1,-1,0)
bet ween scan lines -b/c
bet ween x pixels -a/c =

=1
0

If you were scancorverting this triangle,whatwould the differencein z valueat a pixel that
wasdirectly above (y+1) agivenpixel?

Whatwould bethedifferencen z valueat a pixel directly to theright of (x+1) agivenpixel? z
= (-ax- by -d)/c. atthe pixel to theright, z’ = (-a(x+1)- by -d)/c. thedifferences z’ - z. similarly
for y+1.

20



