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Answer ALL Questions. Answers should be brief and to the point.

1. (a) Define a binary tree. Give an example (with> 2 nodes) to show that two distinct trees can have
the same preorder and postorder traversals (i.e., both same). Just draw the two trees, no explanation
is needed. (3 + 3)

(b) Define a min-heap. Given an array representation of a min-heap with values stored from index 1,
what indices of the array can possibly contain the 3rd minimum in the heap (just list the indices, no
explanation is needed)? (3 + 3)

(c) List two properties of a good hash function. Show the contents of the hash table after inserting
the elements 21, 37, 41, 66, 13, 17 in that order in an empty hash table of size lOusing double
hashing. The hash functions used are h(k) = k mod 10 (first level hash) and h'(k) = (1 + k mod 9)
(second level hash). Show the final table only, intermediate steps/calculations are not needed.

. (2 + 6)

(d) Define a Red-Black (R-B) tree. Insert the element 10 into the R-B tree given below (show all
steps). (4 + 6)

R

2. (a) Given n integers in an array, show that the worst case time complexity of any algorithm to create
a binary search tree out of the numbers is Q(nlgn). (5)

(b) Consider Quicksort with the first element chosen as the pivot. Show an example of an array with
the five distinct integers {J, 2,3,4, 5} that is not sorted, but produces a completely unbalanced
partition «n - J) elements in one partition if n elements total) at each step. Just show the array, no
explanation is needed. (5)

3. (a) Consider two binary search trees X and Y such that the maximum value stored in X is less than
the minimum value stored in Y. Design an algorithm to merge the two binary search trees into a
single one. Your algorithm must run in O(h) time, where h is the maximum of the heights of X and
Y. (10)



(b) Consider two strings of characters X and Y with lengths nand m respectively. Y'is said to be a
substring of X if m :s n and the characters in Yappear in X in the same order, though not necessarily
consecutively. For example, the string acd is a substring of the string bQadf,ad. Assume that an
O(n+m) time algorithm called SubString is already given to you which checks if Y is a substring of X
or not (returns true if yes,ja/se if not), you do not have to design it.

Let Yk denote the string obtained from Y by repeating each of its characters k times. For example, if
Y = aced, then Y1 = Y = aced, Y2 = aaccccdd, Y3 = aaaccccccddd, and so on. Given two strings X and
Y of length n and In respectively, you are required to find the maximum k such that Yk is a substring
of X. For example, if X = baadcbcdcbcdd, and Y = aced, then the answer should be 2, since both Y1 =
aced and Y2 = aaccccdd are substrings of X. Your algorithm should run in O((n+m)logn) time. You
can use the algorithm SubString given to you. Write the psuedocode of the algorithm. (10)

(c) Consider an application using priority queues in which it is known that the sequence of
operations on the priority queue will be first a large number of inserts, followed by a large number of
DeleteMax (find and delete the maximum element). No inserts will be done after the deletes. Give an
implementation of a priority queue to run the application efficiently in practice. The total number of
inserts is known in advance (but not the values, which come one by one later). Justify your answer
briefly. (10)

4. (a) Consider an n x n two-dimensional array A where each entry is either 0 or l. You are required to
find if there exists an i (I :s i :s n) such that all elements in row i are 0 and all elements in column i
(except the element A[i, iJ) are l. Your algorithm should run in O(n) time.
(Hint: It is a search problem. However, there are 0(n2) elements in A, so obviously if you try to do
anything with all elements (directly search, sort and search, build simple/complex data structures
and search, ... ) you will exceed 0(/1). Also note that there can be at most one such i in A). (15)

(b) Consider an array A with n integers, where n is an even number. Suppose we partition the array
into n/2 pairs of integers, and sum the integers in each of these n/2 pairs. So now we have n/2 sums.
Let St, S2, .... Sn12 denote these /1/2 sums. Let us call the maximum among these n/2 sums the Maxsum
of this partition.

For example, if A = [23, 12, 21, 30, 25, 26], one possible partition is (23, 26), (12,,30), (21, 25).
Then the 3 pair sums are 49, 42, and 46, and MaxSum for this partition is 49. .

Obviously there are many different ways to partition A and for each such partition we can find its
MaxSum. Design an algorithm that will find the partition (i.e., the algorithm will output the pairing)
that has the minimum MaxSum value among all possible partitions. Your algorithm should run in
O(nlgn) time. Briefly justify why you think your algorithm is correct.
(Hint: Should you try to pair a small number with another small number or a large number?) (15)


