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Question 1: [5 marks]

(a) Let A and B be two sets. Show that

Answer:

(i) A = A \ (A [ B)

If x 2 A (the left-hand side), then clearly x 2 A [ B, from which it follows that x 2 A \ (A [ B)

(the right-hand side). This means that A � A \ (A [ B).

On the other hand, if x 2 A \ (A [ B) (the right-hand side), then certainly x 2 A (the left-hand

side). This implies that A \ (A [ B) � A.

(ii) A = A [ (A \ B)

If x 2 A (the left-hand side), then clearly x 2 A [ (A \ B) (the right-hand side). This means that

A � A [ (A \ B).

Conversely, if x 2 A[ (A\B) (the right-hand side), then either x 2 A or x 2 (A\B); in both cases

x 2 A (the left-hand side). Thus, A [ (A \ B) � A.

(b) Let A and B be subsets of the �nite universal set U . Show that

jA \ Bj = jU j � jAj � jBj+ jA \ Bj:

Answer:

jA \Bj = jA [Bj

= jU j � jA [Bj

= jU j � (jAj+ jBj � jA \ Bj)

= jU j � jAj � jBj+ jA \ Bj
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Question 2: [5 marks]

(a) Determine whether each of the following functions f : Z ! Z (where Z is the set of

integers) is one-to-one and justify your answer:

Answer:

(i) f(n) = n
2 + 1

This function is not one-to-one; thus, for example, f(1) = f(�1) = 2.

(ii) f(n) = dn=2e

This function is not one-to-one; thus, for example, f(1) = f(2) = 1.

(b) Determine whether each of the following functions f : Z � Z ! Z is onto, and justify

your answer:

Answer:

(i) f(m;n) = 2m� n

This function is onto since, for every integer n, f(0;�n) = n.

(ii) f(m;n) = m+ n + 1

This function is onto since, for every integer n, f(0; n� 1) = n.
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Question 3: [5 marks]

(a) Use the Euclidean algorithm to �nd gcd(2346,5432).

Answer:

5432 = 2346 � 2 + 740

2346 = 740 � 3 + 126

740 = 126 � 5 + 110

126 = 110 � 1 + 16

110 = 16 � 6 + 14

16 = 14 � 1 + 2

14 = 2 � 7 + 0

Therefore, gcd(2346,5432) = 2.

(b) Use Fermat's Little Theorem to compute 2364 mod 7.

Answer:

By Fermat's Little Theorem 26 � 1 (mod 7). Therefore, 2360 = (26)60 � 160 � 1 (mod 7). It follows

that 2364 = 24 � 2360 � 16 � 1 � 16 (mod 7), and so 2364 mod 7 = 2.
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Question 4: [5 marks]

(a) Compute the Boolean product of the following two matrices:

A =

2
64
1 0 0 1

0 1 0 1

1 1 1 1

3
75 and B =

2
6664

1 0

0 1

1 1

1 0

3
7775.

Answer:

2
64
1 0

1 1

1 1

3
75

(b) Let A = cI, where c is a real number and I is the n � n identity matrix, and let B be

an n� n matrix. Show that AB = BA.

Answer:

AB = cIB = cB = cBI = BcI = BA


