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King Fahd University of Petroleum & Minerals

College of Computer Science and Engineering

Information and Computer Science Department

Second Semester 102 (2010/2011)

ICS 202 – Data Structures 
Final Exam
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Time: 120 minutes
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	Question #
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	1
	20
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	10
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	3
	20
	

	Dr. Sami
	
	4
	20
	

	10-10:50am
	
	5
	30
	

	
	
	Total
	100
	


Instructions

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

2. This exam consists of 9 pages, including this page, plus one double-sided reference sheet, containing 5 questions.

3. You have to answer all 5 questions.

4. The exam is closed book and closed notes. Only non-programmable calculators are allowed.

5. Make sure you turn off your mobile phone and keep it in your pocket if you have one. 

6. The questions are not equally weighed.

7. The maximum number of points for this exam is 100.

8. You have exactly 120 minutes to finish the exam.

9. Make sure your answers are readable.

10. 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. 
Q.1 (20 points): For each question mark the correct answer(s). There might be several correct answers.
1) The efficiency of an algorithm is determined in terms of:

a) The number of method calls it performs

b) The number of arithmetic operations it performs

c) The number of basic operations it performs

d) The number of memory accesses it performs

2) Given a program, the big-O notation in the best, worst, and the average case is always the same:
a) Yes

b) No

3) The big-O notation

a) Can compare algorithms in the same complexity class

b) Is an upper bound on the asymptotic complexity of the program

c) Is a bottom bound on the asymptotic complexity of the program

d) Provide a measure which is valid for different operating systems, compilers and CPUs.

4) Among the following operations which are more efficient in the doubly linked list compared to singly linked list:
a) Append

b) Prepend

c) Extract(Object ob)

d) ExtractFirst

e) ExtractLast

5) In the postfix notation, what is the last operator to be popped from the stack when evaluating the following Infix expression: (8 + 9) * (22 – 4)

a) Addition

b) Multiplication

c) Subtraction

d) Division

6) A tree recursive method is always non-tail

a) Yes

b) No

7) Which ones of these sentences are not tree properties:

a) It has one designated node, called the root, that has no parent.

b) Every node, except the root, has exactly one parent.

c) A node may have zero or more children.

d) There is a unique directed path from the root to each node

e) It should have at least one node (the root).

8) It is possible for a binary tree to be full but not complete

a) Yes

b) No

9) It is possible for a binary tree to be complete but not full

a) Yes

b) No

10) What is the best structure to implement a post-order depth-first traversal of a BST iteratively:

a) Stack

b) Queue

c) Heap

d) Doubly linked list
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Q2 (10 points) Consider the following B+ Tree of order 3, where each leaf node can hold up to 5 keys.

 SHAPE  \* MERGEFORMAT 



a. (3 points) Explain how to carry out the range query that would retrieve records with key values between 43 and 50.
 SHAPE  \* MERGEFORMAT 



b. (7 points) Insert the key 23 into the above B+ tree, and show the resulting tree after insertion.

Q3 (20 points) For the following graph below, answer the following questions:

 SHAPE  \* MERGEFORMAT 



a. (10 points) Carry out Dijkstra's algorithm starting from vertex a, filling the table below, to find the shortest paths from vertex a to all other vertices of the graph. 

	Pass:
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	Shortest Path Value
	
	
	
	
	
	
	

	Predecessor
	
	
	
	
	
	
	


(3 points) Using the above table, list the vertices of the shortest path from vertex a to vertex e.

b.  SHAPE  \* MERGEFORMAT 



c. (7 points) Use Kruskal’s algorithm to find the minimum spanning tree for the above graph. You need to draw the trace table as well as the obtained minimum spanning tree.
Q4 (20 points): 
a. (5 points) Consider the hashing function h(key) = key + 5. What is wrong with this hashing function? You might mention several problems.
b. (15 points) Consider the following modified hashing function h(key) = (key + 5) % 13. Using this function insert the keys 5, 0, 15, 26, 39, 28, -5, 13, 30, 8, 14, 6, 16 in a hash table of size 13 using:
i. (5 points) Separate Chaining
ii. (10 points) Open addressing with a quadratic probing sequence where c(i) = i2
Q 5 (30 points) Consider the following string: 

TNTNNTTNNTNNNTNNN

Assume that each character is an ASCII character that is represented using 8 bits. Further, assume that no character in the string can be repeated more than 30 times.
a. (6 points) Use run-length encoding to compress the above string and show the compressed string.
b. (10 points) Use LZ78 to encode the above string and show the compressed string. Make sure you show your computations. 

c. (4 points) For the encoding in (a), compute the compression ratio for compressing the above string using run-length encoding. Make sure you explicitly state any assumption you make.

d. (6 points) For the encoding in (b), compute the compression ratio for compressing the above string using LZ78.
e. (4 points) Based on your answers, state the situation(s) when run-length encoding will perform better than LZ78, in terms of compression ratio. 
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