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College of Computer Science and Engineering
Information and Computer Science Department

ICS 353: Design and Analysis of Algorithms
Spring 2006-2007
Major Exam 1, Monday March 19, 2007.
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ID#:

Instructions:

1. This exam consists of 8 pages, including this page, containing 5 questions.

2. You have to answer all 5 questions.

3. The exam is closed book and closed notes. No calculators or any helping aides
are allowed. Make sure you turn off your mobile phone and keep it in your
pocket if you have one.

The questions are equally weighed.

The maximum number of points for this exam is 150.

You have exactly 90 minutes to finish the exam.

Make sure your answers are readable.

If there is no space on the front of the page, feel free to use the back of the page.
Make sure you indicate this in order for me not to miss grading it.
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i Question Pﬁi}:s Points
1 30
2 30
3 30
4 30
5 30
Total 150

Some Useful Formulas:
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1. (30 points) Answer the following:
a. (15 points) Prove that logn = o(n®) Ve >0
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b. (15 points) Given two functions f{n) and g(n), if logf (1) =®(log g (n)), does
this imply that f (n) = ®(g (n)) ? If yes, prove it, and if no, give a counter
example to show that the above statement is not true.
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2. (30 points): Consider the following algorithm

count <« 0

. for i « 1 to Llog nJ
for j « 1 to 1
for k <1 to j

count 4« count + 1
end for
end for
. end for
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a. (15 points) Find the value of count by determining the number of times step 5
gets executed in this algorithm?

b. (5 points) What is the time complexity of the algorithm?

¢. (10 points) Do you expect the average case time complexity to be
asymptotically different from the best case time complexity of this al gorithm?
Justify your answer.
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3. (30 points) Consider the max-heap data structure. Given as input a max-heap array with
n elements, where n > 4:

a. (20 points) Develop an efficient algorithm that runs in o(n), which returns the

4t largest element in the array. You may use any algorithm we discussed related
to heaps without rewriting them.

b. (10 points) Analyze the time complexity of the algorithm you developed in part
a.
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4. (30 points) Consider the ten-singleton disjoint sets
{1} 2} 314} 5} {6} {7} 8} 19} {10}

a. (20 points) Using the union by rank and path compression heuristics, show the
result of performing the following sequence of unions: Union(1, 2) , Union(3, 4)
, Union(5, 6) , Union(7, 8) , Union(1, 4) , Union(5, 7) , Union(4, 5) ,
Union(9, 10) , Union(3,7) , Union(1, 9)

b. (10 points) What is the time complexity of the union-find algorithms, when we
use union by rank without path compression and when we use union by rank
with path compression? Do they belong to the same time complexity class?
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5. (30 points) Find asymptotically tight bounds, in terms of ®, for the following functions:
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