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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
Major Exam #2, Thursday August 12, 2010.

Name: 

ID#:

Instructions:

1. This exam consists of seven pages, including this page, containing three questions.

2. You have to answer all three 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. The maximum number of points for this exam is 150 points, with 20 points as extra points. Hence, the exam will be considered out of 130 points.
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 Number
	Maximum # of Points
	Earned  Points

	1
	45
	

	2
	55
	

	3
	50
	

	Total
	130
	


1. (45 points) Basic Structures: Sets, Functions, Sequences and Sums
a. (20 points) Let f(x) = ax + b and g(x) = cx + d, where a, b, c, and d are constants. Determine for which constants a, b, c, and d it is true that 
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b. (10 points) Provide a simple formula or rule (non-recursive) that generates the terms of an integer sequence that begins with the following list:

3, 6, 12, 21, 33, …
c. (15 points) Draw the graph of the function  
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2. ( 55 points) Induction and Recursion
a. (15 points) Prove that the distributive law A1  (A2    An)  (A1  A2)    (A1  An) is true for all n  3.
b. (15 points) Show that each of these proposed recursive definitions of a function on the set of positive integers does not produce a well-defined function.

(i) (5 points) F(n) = 1 + F(((n + 1)/2() for n ( 1 and F(1)= 1.

(ii) (5 points) F(n) = 1 + F(n – 2) for n ( 2 and F(l)= 0.

(iii) (5 points) F(n) = 1 + F(n/3) for n ( 3, F(l)= 1, F(2)= 2, and F(3)= 3.
c. (25 points) The Fibonacci trees Tk are a special sort of binary trees that are defined as follows: 
   Basis Step: T1 and T2 are binary trees with only a single vertex.

   Recursive Step: For any n  3, Tn consists of a root node with Tn – 1 as its left subtree and Tn – 2 as its right subtree.
(i) (10 points) Draw T3, T4 and T5.

(ii) (15 points) Use structural induction to prove that the height of Tn is n – 2, for any n  2.
3. (50 points) Counting
a. (20 points) How many one-to-one functions are there from a set with five elements to sets with the following number of elements?

(i) (5 points) 4 elements
(ii) (5 points) 5 elements

(iii) (5 points) 7 elements

(iv) (5 points) 10 elements

b. (10 points) How many subsets of a set with 100 elements have more than one element?

c. (10 points) How many numbers must be selected from the set {1, 3, 5, 7, 9, 11, 13, 15} to guarantee that at least one pair of these numbers add up to 16?

d. (10 points) Suppose that a department contains 10 men and 15 women. How many ways are there to form a committee with six members if it must have the same number of men and women?
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