- 1 -

Computational Geometry - CS 308-507 A - 2000

Assignment #4 (“due” November 16, 2000)

1. Translation Ordering of Rectangles

Let R be a set of n orthogonal non-intersecting rectangles in the plane. It is known that since R consists of convex polygons, it follows that for every direction (an infinite number) there exists a translation ordering of R. (a) What is the minimum number of different permutations of R that realize all the translation orderings in all the infinite number of directions of translation? Include detailed proofs of your claims. (b) Design an efficient (as fast as possible) algorithm to compute this number.

2. Triangulating Line Segments (induction proof)

Let S be a set of n non-intersecting line segments in the plane. Prove by induction that every such set of non-intersecting line segments admits a triangulation. A triangulation of S is a triangulation of the endpoints of the segments of S with the constraint that the original given segments are edges in the final triangulation.

3. Voronoi Diagrams and Delaunay Triangulations

LetS be a set ofn points in the plane in general position (no three co-linear and no four co-circular). Project S vertically upwards to a set of points S in 3-dimensions on a paraboloid determined by the equation z = x^2 + y^2. Now compute the convex hull of S in 3-dimensions. Split the convex hull into the lower and upper convex hull. (a) Project the edges of the lower convex hull back to the original plane. Prove that the graph obtained is the dual (i.e., closest-point Delaunay triangulation) of the closest-point Voronoi diagram. (b) Project the edges of the upper convex hull back to the original plane. Prove that the graph obtained is the dual (i.e., furthest-point Delaunay triangulation) of the furthest-point Voronoi diagram.

4. Arrangements of Lines

Let A be an arrangement of n lines in general position (n is greater than 2, no two lines are parallel and no three are concurrent). (a) Prove or disprove that the arrangement contains at least n-2 faces that are triangles. (b) Let d_i denote the degree of face i in the arrangement. The degree of a face is the number of edges bounding the face. Prove or disprove that:

5. Facility Location

Given a set S of n sites (point customers in general position) in the plane it is desired to place a facility that minimizes the maximum distance to a site, i.e., to place it at the center of the smallest circle enclosing S. Prove that if the smallest circle that encloses S corresponds to a circle not determined by the two sites that define the diameter of S, but by three, then the three sites correspond to a triangle in the dual triangulation of the furthest point Voronoi diagram of S. Use this result to design an O(n log n) worst-case time algorithm for locating the facility. Include a detailed proof of correctness and a complexity analysis.

d_i( )^2

i∑^{O n2( )} =