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CPSC 314 Assignment 0 Sep 6, 2005

1. (0 points) Print the plagiarism policy form from the web
(http://www.ugrad.cs.ubc.ca/ cs314/Vsep2005/plag.html). Sign it and submit with
your assignment. Assignments without the form, will not be checked.

2. (1 point) Vectors

1 2
a= 3 b=1 1
—1 5

e compute a-b=(1%2)+3x1)+(—=1%5)=0
e compute a’b = (1%2)+ (3x1)+ (—=1%5)=0

e compute a X b

3%5—(—1)*1 16
—1%x2—1%5 = | -7
1x1—3x%2 )
e compute b X a
—1%x(=1)—5%3 —16
15— (-1)x2 | = 7 =—axb
3x2—1%1 5
3. (1 point) Matrices
1 2 3 3 1 6
A= 1 0 4 B = 1 2 2
3 —1 2 1 -1 2

e Compute C' = AB.

3x14+2x1+3x%1 I1x1+2%x2+3%(—1) 16 +2%x243%2
134+0x1+4x%1 I1x14+0%x2+4%(—1) 1+6+0%x2+4%2
3k3+(=1)*%14+2x1 3x1+(=1)*2+2%—1 3x6+(—=1)*2+2x%2

8 2 16
=| 7 -3 14
10 -1 20

e Does AB = BA? No. (AB)H =8 and (BA)H =22

e Given the vector a from the previous question, compute ¢ = Aa.

1%14+2%3+3%x—1 4
c= 1x14+0%3+4x(—1) = -3
3x1+(—1)*x3+2x%(—1) —2
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e Given the vector a from the previous question, compute d = a” A.

d=(1#143%1+(=1)%3 1%24+3x0+ (=1)x(=1) 1#3+3x4+(-1)x2 )

=(1 3 13)

4. (1 point) Normals and Planes
T is a triangle in 3D with vertices P, = (1,0,0), P, = (2,0,1) and P; = (2,2,2)

(counterclocwise around the normal).

e Compute the normal to T

-2
N:(PQ—Pl)X(Pg—Pl): -1
2

e Compute the area of T. = (%) x ||N|| = \/]\/'12 + N3+ N3 =15

e Compute the implicit plane equation Ax + By + Cz + D = 0 for the plane that T’
lies in.

1. Normalize N. So

~2/3
N s
= | o

2. Place coordinates of N into implicit plane equation N1z + Noy + N3z + D =
Fr+Fy+22+D=0

3. Solve for D by plugging the in the z, y, and 2z from one of the points in 1. So
Zxl+F*0+2%0+D=0.

4. The equation is %295 + %ly + %z + % =0.
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5. (1 point) Segments and Lines
Given two segments in 2D: S; from (0, 1) to (—1,2) and Sy from (0,0) to (2, 2),

e Does the point P = (0, 1) lie on 5,7
Yes. First we must get the two equations z(t) and y(t) that make up Sy for ¢t €
[0,1]. These two equations come from the z and y components of the equation
P, + t(P, — Pp), in other words the equations that adjust each component of the
vector (P, — P;) positioned at P; with the parameter . When t = 0 we are at
P, when t = 1 we are at P, when 0 < ¢t < 1 then we are at some position on S
between the endpoints. When ¢t < 0 or 1 < ¢t we are at some position on the line

containing P, and P, outside the bounds of the line segment. So since P, = (0,1)
and P2 = (—1,2)

2(t) = Piy + t(Pyy — Pig) = 04 t(—1 — 0) = —1¢
y(t) = Py +t(Py — Piy) =14+t(2—1) =1+t

The question asks if (0, 1) is on the segment, but we already know that when ¢ = 0,
(z,y) = (0,1), which is one of the the endpoints and therefore part of the segment.

e Do S and S5 intersect? If yes, compute the intersection, if no, explain.

No. Using the same method to generate equations in the previous question, the
two equations that make up S; are z'(t) = —1t and y'(t) = 1+ ¢ for t € [0,1]. The
two equations that make up Sy are z%(r) = 2r and y*(r) = 2r for r € [0,1]. S; and
S, intersect when z'(t) = z%(r) and y*(¢t) = y*(r) and ¢t and r € [0,1]. In other
words we must solve the two equations:

or in another form:
—1t—2r=90
1t —2r = -1

converting to matrix form:
-1 -2 ty (O
1 -2 r )\ -1
ty ([ —05 05 0
r )]\ =025 —0.25 -1
t\ ([ —05
r )]\ 025
Because t = —0.5 is outside the domain [0, 1] we conclude that these line segments

do not intersect.
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6. (1 point) Frames

Specify the coordinates of point P with respect to coordinate frames A, B and C.

P=-34,—-3A;s0in A (3,-3)
P =2B;soin B (0,2)

P = —Cl + %C] so in C (_1’ %)

7. (2 points) BONUS:

Given an arbitrary point P and a triangle (P;, P», P5) in 2D describe an algorithm to
determine if P is inside the triangle.

There are many possibilities. The following is conceptually simple: derive the implicit
edge equations for (Pi, P5), (P, P3), (Ps, P1). Plug the coordinates of the point into
each equation and check that the sign is the same. Recall that the implicit equation for
a line in 2D is Ax + By + C' = 0. The value of the implicit equation tells you where a
point is in relation to the line: positive on one side, negative on the other (zero is the
special case that the point lies on the line). One can easily see that the intersection of
the areas on the positive sides of these lines is the area inside the triangle.
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