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Department of Computer Science and Engineering 
liT Kharagpur 

End-semester examination 

April, 2011: Time : 3 hours 
Computational Geometry: CS60064 (PG) 

Instructor: S P Pal: Maximum marks: 100 
There is limited choice. 

1. Consider Kirkpatrick's planar point location method. Consider the 
planar graph of n vertices, representing the planar subdivision in Kirk
patrick's method, where each face is a triangle. 

(i) Show that there are no more than 3n-6 edges and that the equality 
actually holds. 

Let D be the set of vertices with degree less than 12. 

(ii) Show that there are at least ~ vertices in D. 

Now suppose we greedily proceed by an incremental method to con
struct a subset of D, so that the constructed subset is a maximal 
independent set in the above planar graph. Assume that the outer
most face is a triangle which encloses all other edges (in the context 
of Kirkpatrick's planar point location method); the three vertices of 
this outermost triangle cannot be selected. Since this developing in
dependent set is a subset of D, whenever we select a vertex, we may 

also kill at most 11 other vertices of D, which cannot be selected in 
the subsequent steps in the developing independent set. 

(iii) If m is the size of any maximal independent set then show that 

1 n 
m '2: l12(2- 3)J 

[5+5+5 marks] 
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2. Consider the recursive output-sensitive convex hull algorithm of Kirk
patrick and Seidel, for computing the convex hull of n points in the 
plane, using the prune-and-search technique. Show that 

(i) the top edge ofthe convex hull (top bridge), intersecting the vertical 
line through the median x-coordinate point, can be found in linear 
time, as follows. 

• Show that knowing the slope of a bridge, we can prune a fraction 
of points' that can not be endpoints of the bridge, 

• Show that although we do not know the slope of the bridge apri
ori, we can still prune a constant fraction of points. 

(ii) Pose and solve the recurrence relation in variables nand h, for the 
running time, where h is the number of edges of the convex hull of the 
n points. 

[[5+5]+5 marks] 

3. Consider the following for the method of the topological sweep of an 
the arrangement A(L) of a set L of n lines in the plane using linear 
space and O(n2 ) time. Here we need the notion of the cut that defines 
the ordered sequence of edges of the arrangement A(L), that defines 
the current (topological) sweep-line. Establish the following. 

(a) The upper and lower horizon trees can be initialized m linear 
time. 

(b) The cut c1, c2, ... , Cn representing the topological sweep-line at any 
step during the sweep must have at least one point of intersection 
between some pair of lines; this is the common right endpoint of 
two consecutive edges Ci and Ci+1 of the cut. 

(c) Although the entire cut need not be maintained explicitly, we can 
find out one new intersection point as above, by updating the two 
horizon trees. 

[5+5+5 marks] 

4. Let S be a set of n line segments in the plane with a total of k in
tersecting pairs of segments. Clearly, k = O(n2 ). Let us consider a 
random permutation of segments < s1, s2, ... , sn > inS. Assume that 
each such permutation is equally likely when we choose such a random 
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permutation. Let Sj be the set of the first j segments of the random 
permutation, and kj be the number of intersecting pairs of segments 

·2 

in Sj. Then show that E(kj) = O(k~), where the expectation E(kj) 
is computed over all possible random permutations of segments in S. 

[10 marks] 

5. Show that the combinatorial complexity of the boundary of the region 
weakly visible from the interior of an edge of a polygon with holes is 
O(n4), where n is the total number of edges of the polygon and its 
holes. 

[15 marks] 

6. State the 2-dimensional linear programming problem formally, men
tioning the inputs and the objective of optimization. State the ran
domized incremental method, clearly mentioning the iteration invari
ant and how the current optimal solution is updated. Analyse the 
algorithm and derive the linear expected running time bound. 

[5+5+5 marks] 

7. Define a ~-cutting given n lines in the plane. Establish a lower bound 
of n(r2

) on the size of the cutting, that is, the number of generalized 
triangles in the cutting. 

[8+7 marks] 

8. State and explain the Kovari et al. extremal graph theory result, and 
derive the many faces complexity bound for n lines and m faces using 
the extremal result. 

[7+8 marks] 

9. How does Fortune's plane-sweep algorithm detect circle events? Show 
that all vertices of the Voronoi diagram are detected by such events. 

[5+5 marks] 
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