
King Fand University of Petroleum and Minerals 
College of Computer Science and Engineering 
Information and Computer Science Department 

ICS 253: Discrete Structures I 
Summer Semester 2015-2016 

Major Exam #2, Saturday August 20, 2016. 

Name: 

ID#: 
Instructions: 

1. This exam consists of 11 pages, including this page and an additional 
separate helping sheet, 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. Some questions count for more 
points than others. 

5. The maximum number of points for this exam is 100. 
6. You have exactly 100 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 18 

2 17 

3 30 

4 20 

5 15 

Total 100 
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I. 	(18 points) 
1. (8 points) Prove that if x, y E 92 then [xl + [yl — [x + yl = 0 or 1. 
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2. (10 points) Compute the following summation: 
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II. 	(17 points) 
1. (1 0 points) Draw the graph of the function 

f (x) = l3 J + [x + 21 	where —2 5_ x 5_ 2 
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2. (7 points) Prove that the set of real numbers with decimal representations of 
all 2's, 4's or 5's is uncountable. 
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III. 	(30 points) 
1. (5 points) Give a recursive definition of the sequence {a n }, n = 1, 2, 3, ... if 

an  = 4n  —  2. 
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2. (5 points) Give a recursive definition of the set of positive integer powers of 
3. 
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3. (10 points) Prove that H 2n 5. 1 + n whenever n is a nonnegative integer, and 

	

H = 1 + -2 + 3 	• + - is the harmonic series. 
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4. (10 points) Suppose you begin with a pile of n stones and split this pile into n 
piles of one stone each by successively splitting a pile of stones into two 
smaller piles. Each time you split a pile you multiply the number of stones in 
each of the two smaller piles you form, so that if these piles have r and s stones 
in them, respectively, you compute rs. Show that no matter how you split the 
piles, the sum of the products computed at each step equals n(n 1)/2 using 
strong induction. The Figure below explains the question by showing all splits 
of 4 stones. 

(1)(3) + (2)(1) +(1)(1) = 6 

  

 

(2)(2) +(1)(1) +(1)(1) = 6 
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You can also consider the case when n=1.
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IV. 	(20 points) 
1. (3 points) How many strings of three decimal digits begin with an odd digit? 

2. (4 points) How many subsets of a set with 50 elements have more than one 
element? 
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3. (8 points) How many bit strings of length 12 contain 
a. an equal number of Os and 1 s? 
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b. at least three ls? 

	

S 00+,4 ci 	tA, 	L 	 10.+ 	
ta 

	

to,y 	lutt) ;.,)  0 0 7 	 2 15) 

12_ 

4. (5 points) A club has 25 members. How many ways are there to choose a 
president, vice president, secretary, and treasurer of the club, where no person 
can hold more than one office? 
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V. 	(15 points) 
1. (4 points) Prove that if six integers are selected from the first 10 positive 

integers, there must be at least one pair of integers with the sum 11. 
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2. (6 points) Find the least number of cables required to connect eight computers 
to four printers to guarantee that for every choice of four of the eight 
computers, these four computers can directly access four different printers. 
Prove your answer. 
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3. (5 points) Compute the value of 	 • 
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