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King Fahd University of Petroleum and Minerals

College of Computer Science and Engineering

Information and Computer Science Department

ICS 353: Design and Analysis of Algorithms
Fall 2004-2005
Major Exam 1, Thursday October 14, 2004.

Name: 

ID#:

Instructions:

1. This exam consists of nine pages, including this page, containing five questions.

2. You have to answer all five 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. 

4. The questions are NOT equally weighed.

5. The maximum number of points for this exam is 150.

6. You have exactly 90 minutes to finish the exam.

7. Make sure your answers are readable.

8. 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.

	Question
	Max

Points
	Points

	1
	35
	

	2
	35
	

	3
	40
	

	4
	20
	

	5
	20
	

	Total
	150
	


Some Useful Formulas:
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1) (35 points)
a)  (15 points) Prove that 
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b)  (20 points) Express the following functions in terms of 
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notation showing the proof (A final answer without proof is worth zero points):

i) (10 points)
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ii) (10 points) 
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2) (35 points): Consider the following algorithm for sorting

Algorithm: YouShouldKnowThis
Input: An array A[1..n] of n elements.
Output: A[1..n] sorted in nondecreasing order.


1. for i ( 2 to n

2.   x ( A[i]


3. 
j ( i - 1


4. 
while (j > 0) and (A[j] > x)


5. 
  A[j + 1] ( A[j]


6.
  j ( j - 1


7. 
end while

8. 
A[j + 1] ( x

9. end for
a. (5 points) What is the name of this algorithm?

b. (5 points) Derive the best case time complexity of this algorithm.

c. (5 points) Derive the worst case time complexity of this algorithm.

d. (10 points) The proper position (i.e. j+1) of x = A[i] is found through linear search. Modify the algorithm above so that it uses binary search to find the proper position of x = A[i].

e. (10 points) Derive the worst case time complexity of the modified algorithm. (Note: You can solve this part of the question without solving part c)


3) (40 points) For the following graph  


[image: image12]
a) (15 points) Give the adjacency list representation and the adjacency matrix representation of this graph.
b) (20 points) Find the worst case asymptotic behavior of the following operations when using the adjacency list representation and when using the adjacency matrix representation for a graph G:
i) (10 points) Find whether the edge (i,j) belongs to the graph G.

ii) (10 points) List all vertices adjacent to vertex i in the graph G.
c) (5 points) As the above graph is a planar graph, find the number of regions in this graph. 
4) (20 points) Prove that using the union-by rank heuristic and find (without path compression) operations, rank(parent(x)) ( rank(x) + 1.

5) (20 points) Find the solution of the following recurrence equations:

a) (10 points) 
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b) (10 points) 
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