[image: image6.png]



Page 14 of 14

King Fahd University of Petroleum & Minerals

College of Computer Science and Engineering

Information and Computer Science Department

First Semester 101 (2010/2011)

ICS 202 – Data Structures 
Final Exam
Tuesday, 25th January, 2011
Time: 2 hours
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Please circle your section number below:

	02 – Wasfi – 10-10:50am
	05 – Alvi – 09-09:50am


	Question #
	Max Marks
	Marks Obtained
	Remarks

	1
	20
	
	

	2
	15
	
	

	3
	15
	
	

	4
	15
	
	

	5
	20
	
	

	6
	15
	
	

	Total
	100
	
	


Instructions:

1. Write your name and ID in the respective boxes above and circle your section.

2. This exam consists of 14 pages, including this page, containing 6 questions.

3. You have to answer all 6 questions.

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

5. The questions are not equally weighed.

6. The maximum number of marks for this exam is 100.

7. You have exactly 120 minutes to finish the exam. 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 not to miss grading it.

9. Reference Sheets will be given to you separately.
Q. 1: [20 marks] Write short answers to each of the following questions:
(a) [4 marks] Can a Visitor be used to change the order of the elements of the container it visits. For example, if an Iterator returns the elements of a  Container as “3, 4, 5”, can you design a visitor ChangeOrderVisitor, such that after the ChangeOrderVisitor visits the Container, the elements returned by an Iterator are “5, 3, 4”.  
(b) [4 marks] Order the following algorithms with respect to their time complexity from the most efficient to the least efficient: Accessing An Array Element, Linear Search, Binary Search, Selection Sort, Heap Sort, Recursive Fibonacci Numbers.

	Algorithm
	Time Complexity
	Efficiency Rank

	
	
	1 (Most Efficient)

	
	
	2 

	
	
	3

	
	
	4

	
	
	5

	
	
	6 (Least Efficient)


(c) [4 marks] If a tail reference is removed from the LinkedList class, does it affect the implementation/efficiency of prepend and append methods. Give reason(s) for your answer.

(d) [4 marks] Insert the vector [9,22,18] into the following 3D-Tree. Show the modified 3D-Tree.


[image: image1]
(e) [4 marks] “A B-tree does not perform a range search efficiently but a B+ tree performs a range search efficiently”. Is this statement true or false. Give reason(s) for your answer.
Q. 2 [15 marks] Consider the following graph G'

[image: image2]
A vertex-cover V' of an undirected graph G = (V, E) is a subset of V such that if edge (u, v) is an edge of G, then either u is in V' or v is in V' (or both). For example: V' = {B, C, E, G, H, I} is a vertex cover of G. Note that if you pick any edge in E [say (D,  E)] then at least one of the vertices making up this edge has to belong to V' [in this case E is in V'].

Consider the following algorithm to find a vertex cover V' of G:

1.  V' = {};

2.  E' = E(G); // copy of all edges of G
3.  while E' is not empty do

4.    let (u,v) be an arbitrary edge in E';

5.    V' = V' ( {u, v}; // Add vertices u and v to V’
6.    Remove from E' every edge incident to u or v;

7.  end while;
8.  return V';
(a) [3 marks] Run the above algorithm on the graph G', starting from edge (H, J). Make sure you write down each edge processed during the execution of the algorithm.  

(b) (6 marks) What is the time complexity of the algorithm, in O() notation, when the graph G' is represented using an adjacency matrix representation? Clearly justify your answer by showing the cost of each step in the algorithm.

(c) (6 marks) What is the time complexity of the algorithm, in O() notation, when the graph G' is represented using an adjacency list representation? Clearly justify your answer by showing the cost of each step in the algorithm.

Q. 3 [15 marks] Consider the following graph:

[image: image3]
(a) [3 marks] What do we mean by the "strongly connected components" in a directed graph?
(b) [12 marks] Run the algorithm to find the strongly connected components of the above graph. Make sure you show the result of each step in the algorithm.
[This page is intentionally left blank for Q. 3(b)]

Q. 4 [15 marks] Consider the following undirected graph:

[image: image4]
(a) (11 marks) Find a minimum spanning tree of the above graph by running Prim's algorithm starting from vertex E. Fill the table below and draw the resulting MST.

	Pass
	Initial distance
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	Edge Weight
	Adjacent Vertex

	Active vertex
	
	
	
	
	
	
	
	
	
	
	
	
	

	A
	
	
	
	
	
	
	
	
	
	
	
	
	

	B
	
	
	
	
	
	
	
	
	
	
	
	
	

	C
	
	
	
	
	
	
	
	
	
	
	
	
	

	D
	
	
	
	
	
	
	
	
	
	
	
	
	

	E
	
	
	
	
	
	
	
	
	
	
	
	
	

	F
	
	
	
	
	
	
	
	
	
	
	
	
	

	G
	
	
	
	
	
	
	
	
	
	
	
	
	

	H
	
	
	
	
	
	
	
	
	
	
	
	
	

	I
	
	
	
	
	
	
	
	
	
	
	
	
	

	J
	
	
	
	
	
	
	
	
	
	
	
	
	



[image: image5]
(b) (4 marks) Do you think that running Kruskal's algorithm on the previous graph will result in a different minimum spanning tree? Justify your answer.
Q. 5 [20 marks] 

(a) [12 marks] Using the modified-mid-square function as a hash function, insert the following student IDs into an initially empty separate-chained hash table of size 11:  
9876, 9345, 9191, 9567, 9348, 9483, 9010, 9119, 9010, 9210.
Show all computations and show the final configuration of the hash table after all keys have been inserted. If required, use linear probing as a collision resolution technique.
[The modified-mid-square function for the given keys is defined as follows:]

f(key) = (two-digit number in the of middle of the key)2 % (hash-table size)

(b) [4 marks] Is the given hash function for (a), a suitable hash function? Does it satisfy both properties required for a hash function? Give reason(s) for your answer.

(c) [4 marks] “A hash table is a suitable for data structure for performing a range search.” Is this statement true or false. Give reason(s) for your answer.  

Q. 7 [15 marks] Consider the following string: 

BA-BAN-BANG-BANG

(a) [10 marks] Use LZ78 to encode the above string. Make sure you show your computations. (Ignore the dashes “-”). For your reference,  ASCII Codes are: 
	Letter
	A
	B
	G
	N

	ASCII Code
	65
	66
	71
	78


(b) [3 marks] For the encoding in (a), compute the exact number of bits needed to represent the LZ78 encoded string.
(c) [2 marks] Compute the compression ratio for compressing the above string using LZ78.
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