COMPUTATIONAL GEOMETRY Computer Science 308-507 A - November 20, 2001

Exam #2 (75 minutes)

(Note: You are not expected to fully answer all these questions within the time allotted so don’t worry. It is so to give you more choice. Just attempt as much as you can from all the questions.)

1) Convex Hulls (10 points)

Let S = {p_1, p_2,..., p_n} be a set of n points in the plane such that no three are collinear. (a) Describe in as much detail as you can the “ultimate” convex hull algorithm of Kirkpatrick and Seidel. (b) Prove that the algorithm runs in O(n log h) time in the worst case in the real RAM model of computation, where h is the number of points on the convex hull delivered.

2) Diameter and Furthest Point Delaunay Triangulations (10 points)

Let S = {p_1, p_2,..., p_n} be a set of n points in the plane in general position in the sense that no three points are collinear and no four are co-circular. (a) Prove that the diameter of S need not be determined by an edge in the furthest-point Delaunay triangulation of S. (b) A diametral-circle of a pair of points {p_i, p_j} is a circle whose diameter is determined by the pair {p_i, p_j}. Prove that if the diametral-circle, determined by a pair of points {p_i, p_j} in S that realizes the diameter of S, encloses S,then {p_i, p_j} is an edge in the furthest-point Delaunay triangulation of S.

3) Induction Proof (10 points)

Consider a large chess board of size 2^n by 2^n unit squares, where n is greater than one. We are interested in covering the board with non-overlapping L-shaped pieces. An L-shaped piece is defined to consist of a shape obtained by deleting any one of the four unit squares from a 2 by 2 unit square. Prove by induction that given any 2^n by 2^n board with one arbitrarily specified square that must remainuncovered, the rest of the board can be completely covered with non-overlapping L-shaped pieces.

4) Lower Bounds and Convexity (10 points)

Let P be a convex polygon with n vertices (the polygon includes its interior) represented as an array of its vertices (specified in terms of x,y coordinates) in clockwise order. Let p be a point outside P and let q be a point inside P. (a) Prove or disprove that the complexity of computing the minimum distance between p and P is Ω(n). (b) Prove or disprove that the complexity of computing the minimum distance between q and the boundary of P is Ω(n).