King Fahd University of Petroleum and Minerals
Information and Computer Science Department

ICS 253: Discrete Structures |

Homework Assignment #5
(Due Friday July 12, 2013 at midnight)

Answer the following questions. NOTE: There are 10 extra points in this assignment.
1. (10 points) Section 5.3: Recursive Definitions and Structural Induction

a. Use structural induction to show that I(T), the number of leaves of a full
binary tree T , is 1 more than i(T), the number of internal vertices of T.
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2. (66 points) Section 6.1: The Basics of Counting
a. (8 points) A multiple-choice test contains 20 questions. There are four
possible answers for each question.
i. In how many ways can a student answer the questions on the test if the
student answers every question?

20

“ (O/ L)

ii. In how many ways can a student answer the questions on the test if the
student can leave answers blank?

c*° (0/4)

b. (4 points) How many bit strings are there of length six or less, not counting
the empty string?

1-biE:2, 2_kit: ', 3_LF: 2.

STt = i‘ 2 (02 A)

c. (12 points) How many strings of four decimal digits
i. do not contain the same digit twice?

(o)1) (R) ( o, Lr)

ii. end with an even digit?

10> (5) <O/ L‘.)

iii. have exactly three digits that are 9s?

£499,4%99,9989, 99K with Ke{o 12,87

X L=3¢. LD/‘U



d. (16 points) How many strings of eight uppercase English letters are there
i. if letters can be repeated?

268 ( 0,2 >
ii. if no letter can be repeated?
eoEEyENEENE(m) (0,2 )
iii. that start with X, if letters can be repeated?

#"  (92)

iv. that start with X, if no letter can be repeated?

G5 )W) (23) (L) (L) @) )

(O/Z>

v. that start and end with X, if letters can be repeated?
é

vi. that start with the letters BO (in that order), if letters can be repeated?

2¢ ¢ (D/Qw

vii. that start and end with the letters BO (in that order), if letters can be
repeated?

2" (o,1)

viil. that start or end with the letters BO (in that order), if letters can be
repeated?

246-1 zgs-—?.é“ ( O/ Z)



e. (8 points) How many ways are there to seat four of a group of ten people
around a circular table where two seatings are considered the same when
everyone has the same immediate left and immediate right neighbor?
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f. (10 points) The name of a variable in the C programming language is a string
that can contain uppercase letters, lowercase letters, digits, or underscores.
Further, the first character in the string must be a letter, either uppercase or
lowercase, or an underscore. If the name of a variable is determined by its first
eight characters, how many different variables can be named in C? (Note that
the name of a variable may contain fewer than eight characters.)
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g. (8 points) Use a tree diagram to find the number of bit strings of length four
with no three consecutive 0s.
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3. (34 points) Section 6.2: The pigeonhole principle
a. (8 points) A bowl contains 10 red balls and 10 blue balls. A woman selects
balls at random without looking at them.
i. How many balls must she select to be sure of having at least three balls
of the same color?

The smallestWsr[ £ 7= 3 iec 2<L2 ¢3,ifF yuen e

~N=5 (O/ 2/ L\.)

ii. How many balls must she select to be sure of having at least three blue
balls?

10+3 = 13 hadls - < o, L\_)



b. (8 points) Suppose that there are nine students in a discrete mathematics class
at a small college.
I.  Show that the class must have at least five male students or at least
five female students.
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ii. Show that the class must have at least three male students or at least
seven female students.
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c. (8 points) Find an increasing subsequence of maximal length and a decreasing
subsequence of maximal length in the sequence
22,5,7,2,23,10, 15, 21, 3, 17.
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d. (10 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. Justify your answer.
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