
CIS 313 Introduction to Data Structures
Winter 2006

Final Examination
2006 March 21, am10:15-12:15

• This is an open text and open notes exam.

• Write your answers on your own paper. The instructor will have blank paper in case you
have none.

• Each question is worth 10 points.

1. Consider the following methods implementing a queue with two stacks:

stack S1, S2;

boolean isEmpty()
return S1.isEmpty() && S2.isEmpty(); //&& is logical-and

void enQ(int x)
S1.push(x);

int deQ()
if (isEmpty()) return EmptyQueueError;
if S2.is Empty()

while (not S1.isEmpty())
S2.push(S1.pop());

return S2.pop();

(a) What is the total time used by enQ(1), enQ(2), . . ., enQ(n), deQ(), deQ(), . . ., deQ()
(n enqueues followed by n dequeues)?

(b) What is the total time of n enqueues, followed by n pairs of alternating dequeues and
enqueues? As in enQ(1), enQ(2), . . ., enQ(n), deQ(), enQ(n+1), deQ() enQ(n+2), . . .,
deQ(), enQ(2n).

(c) Pick a time bound t(n) and argue that “Any sequence of O(n) enqueues and dequeues,
in any order, takes total time t(n)”.

2. Professor Pequalsnp claims to have an algorithm that will take a series of n integers and con-
struct a BST containing them. It does not perform one-by-one insertion, but it is comparison
based. The amazing thing is that this algorithm is claimed to operate in time O(n

√
log n).

Do you believe Prof. Pequalsnp? Explain your reason.
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3. Into an initially empty red-black tree

(a) insert the values 22, 30, 25, 10, 8, 6, 12, 15, 24, 20, 18.

(b) then delete 30

4. Describe how to find the
√

n smallest items, listed in increasing order, in O(n) time. The
input list is unsorted (but the output should be sorted.) (Hint:

√
n lg

√
n and

√
n lg n are

both O(n).)

5. Consider an array containing the values 10, 14, 6, 7, 4, 11, 16, 5, 8, 12, 2, 1, 13, 3, 15, 9 in
locations 1-16. Illustrate the build-heap method converting this array into a max-heap.

6. Into an initially empty binomial heap (which, as in the text, is a MIN-heap):

(a) insert the values 3, 15, 1, 9, 7, 14, 12, 2, 6, 5, 4, 11, 10

(b) then remove the min.

7. Write a recursive routine which, given a BST T and integer k, will traverse T and print the
contents of all nodes at height k, from left to right.

8. Suppose you have an array S of size n, where each element of the array represents a vote for
class president. A vote is represented by the student ID of the candidate. We do not know
the number of candidates. A person wins if they receive a majority of the votes. GIve an
efficient procedure to determine if there is a winner. How fast is your method?

Total: 80 points
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