
Exam Discrete Mathematics, Wednesday October 22nd 2014, 09:00h-12:00h
Bachelor program Knowledge Engineering, year 1
Tapijnkazerne

This exam consist of 8 problems, totalling 100 points, which you can solve in any order you like.
Be sure to motivate all your answers with calculations/proofs/arguments.
Remember that N = {1, 2, 3, . . .}. Good luck!

1. (10 points) Fill in the truth table for the following logical proposition.

• ((q ∨ p)⇒ r)⇔ ((¬r ∧ q)⇒ p)

2. (15 points) Use induction to prove the following statements.

(a) For all integers n ≥ 0,

n∑
i=0

3i =
3n+1 − 1

2

(b) It is possible to make all coin totals of 18 cents or more using only 4 cent and 7 cent coins.

3. (15 points) Prove or disprove the following statements. (Recall that P(A) denotes the powerset of A).

(a) For all sets A,B and C, ((A ∪B) ⊆ (A ∪ C))⇒ (B ⊆ C).

(b) For all sets A,B and C, (A ∩B = ∅)⇔ (P(A \B) = P(A)).

4. (15 points) This question is about relations.

(a) Let R be the relation on Z defined as follows: xRy means “xy 6= 0”. Is R reflexive? Symmetric?
Transitive? Anti-symmetric? For each of these properties, prove or disprove that it has that property.

(b) Let R be a relation on N defined as follows: xRy means“5x + y is even”. Prove or disprove that R is
an equivalence relation. If it is an equivalence relation, describe its equivalence classes.

(c) Let A be the set {0, 1}. Draw a relation diagram for a single relation R on A that is symmetric and is
transitive but which is not reflexive and is not anti-symmetric, or argue why such a relation cannot
exist. (Note that the relation R does not have to have a “real-world” meaning).

5. (15 points) All the following questions are about counting.

(a) Write down the inclusion-exclusion formula for three sets A,B,C.

(b) There are 100 students in a class. There are 3 films (A)lien, (B)ack to the Future and (C)ity of Men.
20 of the students have not seen any of the films. 10 students have seen all three films. 30 students
have seen (A)lien (and possibly other films too). 40 students have seen (B)ack to the Future (and
possibly other films too). 5 students have seen (A)lien and (B)ack to the Future but not (C)ity of
Men. How many students have seen only (C)ity of Men (i.e. and no other films)?

(c) The local football team has 11 players. The management wants to select a subset of 4 players to
attend a charity event. How many different ways can such a subset of 4 players be selected?

(d) The national football association is selecting players for the national team. The national team plays
with 3 attackers: left wing, centre forward, right wing. There are 8 players available in the country
who can play as attacker. How many different attacking formations are possible? Note that the same
subset of 3 players can play in multiple different formations.



6. (10 points) Prove or disprove the following statements.

(a) (∀x ∈ Z)(∃y ∈ N)(x ≤ y)

(b) (∃x ∈ N)(∀y ∈ N)(2x + 4y 6= 32)

(c) ¬((∃x ∈ N)(∃y ∈ N)(xy ≤ 1))

(d) (∀x ∈ Z)(∃y ∈ N)(∃z ∈ N)(x = y − z)

7. (15 points) This is a question about functions.

(a) Let S be the set {gold, silver, bronze} and T be the set {0, 1}. Answer each question below, in each
case briefly justifying your answer.

(1) How many functions are there from S to T?

(2) How many injective functions are there from S to T?

(3) How many injective functions are there from T to S?

(4) How many surjective functions are there from S to T?

(5) How many surjective functions are there from T to S?

(b) Let f : N→ Z be the function defined as follows: f(x) = (x/2) (when x is even) and f(x) = −
(

x−1
2

)
(when x is odd). Is f invertible? If so, prove it. If not, explain why not. If f is invertible then define
also the function f−1.

8. (5 points) Let A = {{1}, 2, 3, {3, {5, 6}}}.

(a) Write down A \ {{5, 6}}.
(b) Write down A \ {2, 3, 4}.


