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King Fahd University of Petroleum and Minerals

College of Computer Science and Engineering

Information and Computer Science Department

ICS 253: Discrete Structures I

Summer 2009-2010

Final Exam, Thursday August 26, 2010.

Name: 

ID#:

Instructions:

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

2. You have to answer all four 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. Some questions count for more points than others. 

5. This exam will be counted out of 175 points, with 25 points as extra points.

6. You have exactly 150 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 Number
	Maximum # of Points
	Earned/Deducted  Points

	1
	50
	

	2
	30
	

	3
	55
	

	4
	65
	

	Total
	175
	


Some Useful Formulas:
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Question I: (50 points) Logic and Functions

1. (20 points) Given the following prolog facts and rule:

father(ali, salem).
father(ali, huda).

father(ibrahim, salem).

father(ibrahim, hamad).

father(ibrahim, jasem).

father(muhammad, fidaa).

male(samir).

male(salem).

male(hamad).

male(jasem).

female(huda).

female(fidaa).

son(Y,X) :- father(Y,X), male(X).

daughter(Y,X) :- father(Y,X), female(X). 
What would prolog return when given these queries?

a. (3 points) ?father(ali,huda)
b. (3 points) ?father(ibrahim,X)
c. (3 points) ?father(Y,salem)
d. (7 points) ?daughter(ali,Y)
e. (4 points) ?son(ibrahim,X)
2. (30 points) Answer the following questions regarding the function 
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a. (20 points) Prove that the function f is a bijection.

b. (10 points) Find the inverse of f.

Question II: (30 points) Induction.
1.  (20 points) Compute 
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 showing all your intermediate work.
2. (10 points) Prove that 
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Question III: (55 points) Counting.
1. (15 points) Suppose that a password for a computer system must have at least 8, but no more than 12, characters, where each character in the password is a lowercase English letter, an uppercase English letter, a digit, or one of the six special characters *, >, <, !, +, and =.

a. (5 points) How many different passwords are available for this computer system?

b. (5 points) How many of these passwords contain at least one occurrence of at least one of the six special characters?

c. (5 points) If it takes one nanosecond (10-9 seconds) for a hacker to check whether each possible password is your password, how long would it take this hacker to try every possible password?

2. (15 points) How many strings of six lowercase letters from the English alphabet contain 

a. (5 points) the letter a?

b. (5 points) the letters a and b?

c. (5 points) the string “ab”, with all the letters distinct (i.e. other letters should also differ from a and b)?

3. (10 points) How many different strings can be made from the letters in MISSISSIPPI, using all the letters?

4. (15 points) Solve the following recurrence relation together with the initial conditions given: 
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Question IV: (65 points) Probability and Graphs.
1. (15 points) Which is more likely: rolling a total of 9 when two dice are rolled or rolling a total of 9 when three dice are rolled? Prove your answer.
2. (10 points) What is the conditional probability that exactly four heads appear when a fair coin is flipped five times, given that the first flip came up tails?

3. (5 points) Draw the complete bipartite graph K2,4.
4. (15 points) Find and list the strongly connected components in the following graph.
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5. (20 points) Determine whether the following two graphs are isomorphic or not. Make sure you clearly prove your answer.
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