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(1) Determine the total cost of heap operations in the plane-sweep technique 
for computing the intersections of n line segments in the plane. Show that 
the (left to right) plane-sweep method guarantees that every intersection point 
is detected at some stage of the sweep. Demonstrate an example where an 
intersection point with a higher X-coordinate would be discovered before another 
intersection point that has a smaller X-coordinate. [5+5+5 marks] 

(2) Show that the the convex hull of a sorted point set can be computed in 
linear time. Here the input point set is sorted ill the X- direction. [10 marks] 

(3) Let N be a set of n lines, no three of which are concurrent and no two of 
which are parallel. 

Show that there are no more than n 6 triangles that can be formed by points 
of intersection of these n lines. We call these the interesting triangles. 

If we randomly and unifor~ly choose a subset R of t :s; n lines from the set 
N then each of the (7) subsets oft lines are equally likely to be selected in the 
random sample R. For any such random sample R, an interesting triangle I can 
be bad if more than k = ~ lines of N intersect triangle I. None of these k lines 
must be any of the t lines in the random sample R. 

Show that the probability that I is bad is at most (1- ~ )t, which is no more 
than n-6 if k = ~ and t = 6r loge n. 

Is the probability that some interesting triangle is bad strictly less than 
unity? Why? 

Does there exist a subset of R ~ N oft lines such that none of the O(n6 ) 

interesting traingles is bad? Why? 
What is the size of the resulting (~)-cutting? [4+8+5+4+4 marks] 

(4) Show that the space complexity of a two dimensional kd-tree is O(n), where 
n is the number of points in the input. 

How is the kd-tree traversed when a rectangular query is processed? Clearly 
state how the process determines the internal nodes to be visited. 

Estimate the number of leaf nodes visited in terms of the number of points 
inside the query rectangle and the number of internal nodes visited. [5+5+ 10 
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marks] 

(5) Show that the greedy heuristic computes a set cover whose cardinality is at 
most O(log n) times the cardinality of the minimum cardinality set cover, where 
n is the cardinality of the universe U of elements of the given family of subsets 
of U. Show that this bound is tight in the sense that for certain instances of the 
problem defined on n elements (of the universe), the set cover has cardinality 
proportional to log n times OPT. Here, OPT is the cardinality of the minimum 
cardinality set cover. [8+7 marks] 

(6) In the 0-1 Knapsack problem, we had scaled down individual profits of all 
the n items by a factor K and then rounded the scaled down factors. The value 
of K was inversely proportional to n and directly proportional to the magnitude 
of the profit of the most profitable item. Discuss and analyze quantitatively, 
the relationship between the total' profits in optimal solutions before and after 
scaling and rounding of individual· profits of items. Analyze how the running 
time reduces due to scaling and rounding of profits. [10+5 marks] 

(7) Let C1 nd C2 denote two distinct minimum cuts for an undirected connected 
graph G(V, E). We know that n- 2 edge collapse steps would leave only two 
supervertices with multiple edges running between the two vertices. If these 
edges comprise C1 (respectively, C2), then we have discovered the minimum 
cut C1 (respectively, C2). Choosing random edges for collapse can leave any 
of the minimum cuts like C1 or C2, or even non-minimum cuts as the final cut 
between the two supervertices at the end of the algorithm. We wish to show that 
the algorithm yields a specific minimum cut, say C1, with no11-zero probability. 
Show that a probability of success of at least ; 2 is possible. Is it possible to 
enhance this lower bound on success probability to a constant fraction? Explain. 
[10+ 10 marks] 

(8) Assuming that shortest path distances (from the source vertex), in subse
quent residual networks (in the Edmonds-Karp algorithm) are non-decreasing, 
show that each edge of the flow network can appear as the critical edge in an 
augmenting path at most ~ times, during the course of execution of the algo
rithm, in subsequent residual networks. Here n is the number of nodes in the 
network. [10 marks] 

(9) What is a finger search tree? What kind of searching is done using such trees? 
Analyze the time complexity of recursive searching in the vicinity of fingers; 
show that all the O(n) search operations, done recursively, in the respective 
subproblems, in the vicinity of the fingers of the respective subtrees, amount to 
a total of O(n) cost. [5+5+10 marks] 
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