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Answer the first question and any four of the remaining questions following given instructions, if any

Ql Answer any seven of the following questions.

(a) List the criteria for c1assfying the edges of a graph as i) tree edges, ii) forward edges, iii) back edges and
iv) cross edges, with respect to a depth first traversal of that graph. 5

(b) With suitable arguments, establish a lower bound on the time to construct a binary search tree from n
given keys. 5

(c) Determine the number of nodes in a maximally damaged tree (of order k) in a Fibonacci heap, damaged
as a result of cleaving sub-trees during the decKey operation. 5

(d) A weighted graph indicating width of roads between adjacent towns is available. An operator of wide
trucks needs to know the pairs of towns between which a truck of a certain width can be plied (so that
it can pass through all the roads in that path). Present an algorithm that will enable the truck operator to
determine this. 5

(e) Present the algorithm for 3-way radix quicksort and illustrate its working to sort: 283, 305, 527, 749,
961,169, 196,325,356. 5

(f) Derive the amortised cost of rehashing the elements in a hash table once the table is over packed. 5

(g) For the disjoint-set-union-find data structure, show that union by ranks ensures that the size of any set is
no less than 2r where r is the rank of the set. 5

(h) With an example, explain the procedure to find a key in a skip list. 5

(a) A simple graph

35

(b) A directed graph

Figure 1: A pair of graphs

Q2 Answer question 2a and anyone of questions 2b and 2c.

(a) Depict a depth first traversal of the graph along with the pre-numbering and post-numbering of the
vertices of either figure 1a or of figure 1b, starting at 0 5

(b) Indicating the steps, identify the articulation vertices in the graph in figure la (justify in case of non-
existence). 5

(c) Indicating the steps, obtain the topological sort the graph in figure Ib (justify in case of non-existence). 5
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Q3 (a) Depict the insertion of the following elements in the given sequence in a B-tree of order 3 (maximum

3-way branching): 72, 18,43,36,6, 10,5,15. 6

(b) From the B-tree constructed so far, depict the deletion of 72. 4

10
Q4 (a) Illustrate the identification of the second ranked item among the following sequence of integers using

the quickSelect procedure: 72, 18,43,36,6, 10,5,15. 5

(b) Stating the appropriate circumstances, prove that the worst case asymptotic running time of
quickSelect () for a list of n elements is linear in n, under those circumstances. 5

10
Q5 (a) You have a hash table of size n = 16, determine the constants a and b to generate a quadratic probing

sequence Zi = (zo + ai + bi2) mod n so as to achieve complete table coverage. 5

(b) Derive the expected.time to search for an element that is not present in the hash table. 5

10
Q6 Answer anyone of questions 6a and 6b.

(a) Along with the invariants to be satisfied, present the algorithm for deleting the minimum key from a
lazy binomial heap; justify that the invariants are indeed satisfied after each step of the algorithm; use
appropriate illustrations while answering. 10

(b) Along with the invariants to be satisfied, present the algorithm for decreasing the value of a key in
a Fibonacci heap; justify that the invariants are indeed satisfied after each step of the algorithm; use
appropriate illustrations while answering. 10

10
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