Computer Graphics Ph.D. Qualifying Exam, March 2009

. (15%)A andB are3 x 3 rotation matrices. Le€ be a matrix created by a convex linear
combination of them@© = aA + (1 — «)B). Under what circumstances will be a
rotation matrix?

. (15%) Consider a unit square. Assume that the texturelawes aréuqg, voo ), (¢10, V10),
(uo1,vo1), (w11, v11) for its four verticeg0, 0), (1,0), (0,1), (1,1). Given a point(z, y)
within the square, what is its texture coordinate usingibdir interpolation?

. (10%) A mipmap is an data structure for texture map amdsalg. Explain how it works
and estimate its memory consumption compared to the itétidalire image alone.

. (20%) (a) The Phong illumination model can be summarizethé following equation:

I =ke+ koI, + Z l[li (ka(N - Li); + (V- R;)?") min (1, P azd?ﬂ

Draw a diagram to explain the main variables in the above @itaitron. What effects do

the terms of the above formulation intend to model? (b) Obsdrow to shade a triangle
using flat shading, Gouraud shading and Phong shading. §slair visual differences.

. (15%) Given a trianglé&" with verticesly, V5, V3 and a rayR with origin O and direction
d, (a) what is the plane equation whéfdies? (5%), (b) what is the intersection &f
and that plane? (5%) and (c) how to check whethend intersect? (5%)

. (25%) (a) Describe the rendering equation proposed biy&aj his classic SIGGRAPH
1986 paper. (10%) (b) Explain how to derive Whitted’s modeif the rendering equa-
tion. (10%) (c) Could you suggest a way to find the solutioni® tendering equation
without making assumptions. You can ignore the efficiensyéas (5%)



