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CS445 – Graphics: Second Midterm
Tuesday, December 16th
This test has five questions, all of equal weight. Do all of your work on these pages (using the back for scratch space), giving the answer in the space provided. This exam is closed book, but you are allowed one 8.5”x11” cheat sheet.  Please answer each of the questions concisely. In most cases, a single phrase or sentence will suffice.

On my honor as a student, I have neither given nor received aid on this examination.

Signature___________________________________________________________

Please write your name and computing ID at the top of every page.
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Question 1: Texture Mapping (20 points)
a) (5 points) Why does performing linear interpolation of texture coordinates in the image plane lead to funny looking results?

b) (5 points) Given the “texture” on the left, fill in the values for the summed area table on the right. (Assume that the point (0,0) is at the bottom left.)
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	9
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	3
	
	
	
	


c) (5 points) What limitation of mip-mapping is addressed by summed area tables?

d) (5 points) If we have a graphics card whose pipeline only supports Gouraud shading, not Phong shading, can we implement bump mapping? If so, how?  If not, why not?
Question 2: Surface Representations (20 points)
a) (4 points) Briefly define C0, C1, and C2 parametric continuity.

b) (4 points) What does it mean if a surface representation has local support?

c) (4 points) What are the two key steps in loop subdivision?

d) (4 points) What is a subdivision matrix and why is it useful?

e) (4 points) Describe how mesh data is stored in a winged-edge data structure.

Question 3: Splines (20 points)

a) (4 points) If you have five control points that you would like to fit a single polynomial curve to, what is the smallest degree that the polynomial has to be in order to be able to interpolate all five of the control points?

b) (4 points) Given a collection of control points, why do we try fitting a piecewise polynomial curve of low degree to the control points instead of using a single polynomial curve of high degree?

c) (4 points) List three differences between Catmull-Rom splines and uniform cubic B-Splines?

d) (4 points)  Explain what it means for a spline to exhibit translation commutativity.  What property of the blending functions guarantees this property?

e) (4 points) What property of the blending functions guarantees that the spline will be contained within the convex hull of the control points?

Question 4: Animation (20 points)

a) (5 points) What are two limitations of using linear interpolation between key frames? 
b) (5 points) Describe a case in which cubic spline interpolation (e.g. Catmull-Rom splines) may lead to problems when interpolating between key frames. 









c) (5 points) Describe how Euler angles can be used to interpolate rotations.









d)  (5 points) In general, we can use the coefficients of a quaternion to define a transformation. What property does the quaternion need to satisfy so that the associated transformation is a rotation?
Question 5: Miscellany (20 points)

a) (5 points) How are the entries of the diagonal matrix in the SVD factorization modified when computing a pseudo-inverse?

b) (5 points) Describe how the SVD of a matrix is used to find its closest rotation.

c) (10 points) Describe how the Sutherland-Hodgeman line clipping algorithm works.  In particular, specify how each clipping line is represented and how this representation allows testing whether a point is inside the window boundary.  Finally, give the output (an ordered list of vertices) for the following case, labeling the diagram as necessary. 
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