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CSE 1400 Applied Discrete Mathematics
Fall 2012 Sample Final Exam

1 Boolean Logic
1. Which of the following are True and which are False?

(a) p ∧ q→ p.

(b) ¬(p ∧ q) ≡ (¬p ∨ ¬q).
(c) ¬(p ∨ q) ≡ (¬p ∨ ¬q).
(d) (p ∧ q→ p) ≡ (¬p ∨ p).

2. How many different truth assignments can be made on a set of n Boolean variables?

3. How many different Boolean functions can be constructed on a set of n Boolean variables?

4. Construct a truth table to show that

p→ (q→ r) ≡ (p ∧ q)→ r

2 Predicate Logic
1. Lewis Carroll was a student of logic and devised many examples. Write the following statements from

Carroll in predicate logic notation. Draw a conclusion from the two statements.

(a) All cats speak French

(b) Some chickens are cats

2. Consider the predicate statements below. Write them as English sentences and determine if they are
True or False.

(a) (∀x ∈ Z)(∃y ∈ Z)(x < y)

(b) (∃y ∈ Z)(∀x ∈ Z)(x < y)

3 Sets
1. Draw a Venn diagram to represent the set expression (X ∪ Y) ∩ V.

2. Answer the following questions about the set H of hexadecimal numerals.

(a) How many subsets does H have?

(b) How many subsets of H have n elements?
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4 Sequences
1. Consider the sequence

~D = 〈1, 2, 4, 8, 16, 32, . . .〉

(a) Is the sequence ~D arithmetic or geometric?

(b) Explain why the sequence ~D is important in the representation of binary numbers.

(c) What is the relationship between terms in the sequence ~D and the logarithm base 2?

5 Recursion
1. What is the initial condition and what is the recurrence equation that define the terms in ~D =
〈1, 2, 4, 8, 16, 32, . . .〉?

2. What is the initial condition and what is the recurrence equation that define the terms in ~F =
〈0, 1, 1, 2, 3, 5, 8, 13, . . .〉?

3. What is Pascal’s formula for binomial coefficients?

6 Mathematical Induction
1. Use mathematical induction to prove that the sum of the first n natural numbers is equal to n(n−1)/2,

that is,
n−1∑
k=0

k = 0 + 1 + 2 + · · ·+ (n− 1) =
n(n− 1)
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2. Use mathematical induction to prove that the sum of the first n powers of 2 is equal to 2n− 1, that is,

n−1∑
k=0

2k = 1 + 2 + 4 + · · ·+ 2n−1 = 2n − 1

3. Use mathematical induction to prove that the sum of the integers congruent to 2 mod 3 is equal to
n(3n+ 1)/2, that is,

n−1∑
k=0

(3k + 2) = 2 + 5 + 8 + · · ·+ (3n− 1) =
n(3n+ 1)
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7 Relations
1. Show that congruence mod n is an equivalence relation on the set of integer.

2. Show that divides is a partial order on the set of natural numbers.

3. How many relations can be defined on H, the set of hexadecimal numerals?
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8 Functions
1. What function (formula) computes the sum of the first n terms of ~D = 〈1, 2, 4, 8, 16, 32, . . .〉?

2. How many functions can be defined on H, the set of hexadecimal numerals?

3. How many permutations can be defined on H?

4. Consider the function, lg x, x > 0, the logarithm of x base 2.

(a) Is lg x one-to-one?

(b) Does lg x map onto the set R of real number?

(c) What is the value of lg 1
16?

(d) Use the change of base formula to show how lg x can be evaluated using log x, the logarithm of x
base 10.

(e) Use the lg x and bxc to express the number of bits needed to represent the number n.

5. Use Horner’s rule to evaluate the polynomial p(x) = 7x3 − 4x2 + 5x at x = 2.

6. Write the permutation 〈1, 3, 5, 7, 9, 0, 2, 4, 6, 8〉 of 〈0, 1, 2, 3, 4, 5, 6, 7, 8, 9〉 in cyclic notation.

9 Naming Systems
1. How many strings of length l can be written using an alphabet with cardinality n?

2. Use the logn x and dxe to express the number of characters need to represent m different strings using
an alphabet with cardinality n.

3. What is the total number of strings with length 0 or 1 or 2 or . . . or l can be written using an alphabet
with cardinality n?

10 Number Systems
1. Convert 87 into an unsigned binary number.

2. Convert −87 into a two’s complement binary number.

3. Convert the binary number (1001 1001)2 into a decimal number by use of Horner’s rule.

4. Convert −56 into a biased number using the bias b = 64.

5. Convert the floating point number (1 101 1111)fp into decimal notation.

11 Number Theory
1. Use the Euclidean algorithm to compute gcd(70, 143), the greatest common divisor of 70 and 143.

2. Use the quotients 〈2, 23, 3〉 that you computed in problem 1 to compute integers s and t such that
70s+ 143t = gcd(70, 143).

3. Solve the linear recurrence equation 70x = 3 mod 143.

Total Points: 0
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