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COMPUTATIONAL GEOMETRY
(CSEN 5235)

Time Allotted : 3 hrs						      Full Marks : 70

Figures out of the right margin indicate full marks.

Candidates are required to answer Group A and
any 5 (five) from Group B to E, taking at least one from each group.

Candidates are required to give answer in their own words as far as practicable.

Group – A
(Multiple Choice Type Questions)

1. 	Choose the correct alternative for the following: 	10 × 1 = 10

	(i)	Chan’s algorithm for computing convex hull is
(a) a linear time algorithm
(b) an output sensitive algorithm
(c) a computation sensitive algorithm
(d) a neutral algorithm.
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Consider the 2-level skip list
How will are access 38?
(a) travel 20-30-35-38 			(b) travel 20-30-40-38 
(c) travel 20-38 				(d) travel 20-40-38.

	(iii)	kd Trees are used in
(a) line segment intersection		(b) point location
(c) range searching				(d) searching indexes.

	(iv)	In an art gallery with a polygon of n vertices, the number of guards required in the worst case are 
(a) Floor[n/3] 				(b) Ceiling[n/3] 
(c) Floor[n/2] 				(d) Ceiling[n/2].

	(v)	Every triangulation of an n-gon has exactly _________ triangles
(a) n-2 		(b) n2 - 2 		 (c) n 		          (d) n2.

	(vi)	The Graham Scan algorithm for computing the convex hull of a point set true with n points runs in
(a) O(n log n) 				(b) O(log n) 
(c) O(n) 					(d) O(n2).

	(vii)	The average case time complexity to search an item in k-d tree is
(a) O(n) 	          (b) O(n2)   	      (c) O(1)                     (d) O(log n).

	(viii)	If the closest pair of points in a set of points S in the plane are at a distance δ apart, then the number of points in any δ x δ square is at most 
(a) 4 			(b) 3 			(c) 2 		           (d) 5.

	(ix)	How many points are there in the convex hull of S = {(9,5900), (13, 770), (9, 40), (573, 4444), (666, 5555), (777, 3333), (1900, 40), (1900, 5900)}? 
(a) 3			(b) 5 			(c) 6 		           (d) 4.

	(x)	GIS deals with which kind of data?
(a) Numeric data 				(b) Binary data 
(c) Spatial data 				(d) Complex data.

Group – B

2.	(a)	Ms. Obtuse is an architect and would like to design a museum building where all the walls meet at an obtuse angle, i.e., both interior and exterior angles are strictly larger than . Construct an example to show that cameras might be necessary to guard her museum design with n piece-wise linear walls. Show your solution as a k-colouring problem and state the time complexity.

	(b) 	Given a simple polygon P and a point q. Both P and q are on the same plane. Draw and explain how you will test whether the point q is inside or outside the polygon P. Do not assume P is convex. Show both the cases, one where q is inside P and one where q is outside P. Give the simplest solutions you can think of.
8 + 4 = 12

3.	(a)	Given two arbitrary convex polygons P1 and P2 with n1 and n2 vertices each (their boundaries may intersect one, two, or more times; they may be disjoint; one may be contained within the other), specify as efficient an algorithm as you can to compute the convex hull of [P U Q].

	(b)	Let P and Q be two convex polygons with n and m vertices respectively; each polygon is given as a list of its vertices sorted in counter-clockwise (or clock-wise) order. Give a sweep-line algorithm that computes all intersections between P and Q. What is the time complexity of your suggested technique?
4 + 8 = 12

Group – C

4.	(a)	Given the following set of line segments in a 2-dimensional plane


Write down the steps for creating a trapezoidal map and show the resulting output as a figure. [You may use bullet paths / ray shooting]. At most how many vertices and how many trapezoids will the above figure have?

	(b) 	Consider a linked list with at least 40 elements. Show how you would search for an element which is located at the 36th position in this list. State the total number of comparisons taken place in the execution of your search algorithm.
		Augment this list with skip pointers and comment whether this mechanism performs better than the technique in the previous step.
		How many levels of skip pointers would be necessary for the search to work in O(log n) time complexity for this list?
		Choose the length of your skips judiciously, and show your working using a diagram for explanation.
6 + 6 = 12

5. 	(a)	Contrast chain and slab methods for location of a point in a planar subdivision highlighting data structure employed and computational complexity.

	(b) 	What are the properties of Delaunay triangulation of a point set? Is Delaunay triangulation unique? Justify your answer.
4 + (4 + 1 + 3) = 12

Group – D

6. 	(a) 	Justify that given n points, it is possible to build a kd-tree of 
height O(log n),
space O(n) in 
time O(n log n) 
	(b)	Explain that a query with an axis-parallel rectangle in a kd-tree storing n points can be performed in O(√ n + k) time, where k is the number of reported points.
[bookmark: _GoBack]6 + 6 = 12

7.	(a)	Define segment tree and its applications. Write an algorithm to build a segment tree with n segments.

	(b)	Prove that the total number of edges in all the cells that intersect any one line L in an arrangement of n lines is O(n). Specifically, |Z(L)| ≤ 6n.
(3 + 5) + 4 = 12

Group – E

8. 	(a)	Explain what is VC Dimensions by giving examples.

	(b)	How can you use Dudley’s Theorem in providing a bound for VC Dimensions?

	(c) 	Explain the idea of Delaunay Triangulation being a dual of Voronoi Diagram. Construct both the figures to support your answer.
4 + 4 + 4 = 12

9.	(a)	Explain one dimensional range searching problem. Specify (i) data structure, (ii) its creation, and (iii) the query processing along with the complexity results.

	(b) 	Explain what is meant by 2-Dimensional Point Dominance. How is it related to the Pareto Set?
(2 + 2 + 2 + 2) + 4 = 12
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