
COL1002: Discrete Mathematical Structures. II semester, 2025-26
Tutorial Sheet 2: Logic and Proofs.

Tutorial date: 19 January 2026

Important: The question marked with a ♠ is this week’s pre-assigned evaluation. The start time for
the evaluation is 2PM and the end time for the quiz is 2:12PM. Questions marked with a * may be a

little harder and can be considered optional.

Problem 1 [LLM18, Prob. 3.13]
Prove that the propositional formulas P ∨Q ∨ R and (P ∧Q) ∨ (Q ∧ R) ∨ (R ∧ P ) ∨ (P ∧Q ∧ R) are
equivalent.

Problem 2 [LLM18, Prob. 3.5]
You are trying to prove a proposition P . You define two related propositions Q and R and then proceed
to prove that P =⇒ Q, Q =⇒ R and R =⇒ P . Now you think If Q is true, then since I proved
Q =⇒ R, I can conclude that R is true. Now, since I proved R =⇒ P , I can conclude that P is true.
Similarly, if R is true, then P is true and so Q is true. Likewise, if P is true, then so are Q and R. So
any way you look at it, all three of P,Q and R are true.

Exhibit truth tables for ϕ1 = (P =⇒ Q) ∧ (Q =⇒ R) ∧ (R =⇒ P ) and ϕ2 = P ∧ Q ∧ R and
conclude that ϕ1 is not equivalent to ϕ2. Demonstrate the flaw in our reasoning using implications
above.

Problem 3
Indicate whether each of the following propositional formulas is valid (V), satis- fiable but not valid
(S), or not satisfiable (N). For the satisfiable ones, indicate a satisfying truth assignment.

(i) (P ∨Q) =⇒ Q

(ii) (P ∨Q) =⇒ P ∧Q

(iii) (P ∨Q) =⇒ (M ∧ (P =⇒ M))

(iv) M =⇒ (M ∧ (P =⇒ M))

Problem 4 [BDS05, Prob 7, pp. 107]
Rewrite the following statement without any negations. It is not the case that there exists an integer
n such that n > 0 and for all integers m > n, for every polynomial equation p(x) = 0 of degree m there
are no real numbers for solutions.

Problem 5 [LLM18, Prob. 3.26]
For each of the following propositions:

(i) ∀x∃y : 2x− y = 0

(ii) ∀x∃y : x− 2y = 0

(iii) ∀x · x < 10 =⇒ (∀y · y < x =⇒ y < 9)

(iv) ∀x∃y · (y > x ∧ ∃z · y + z = 100)

indicate which propositions are False when the variables range over: (a) N (b) Z (c) R.
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Problem 6
For n ≥ 2 an n× n Latin square is an n× n grid filled with symbols from {1, 2, . . . , n} such that every
symbol occurs exactly once in every row, and once in every column. For each triple 1 ≤ i, j, k ≤ n
introduce a new propositional variable xi,j,k with the meaning “the (i, j)-th cell of the Latin square
contains the symbol k”. Build a Boolean formula which encodes the criterion for n = 3, 4 and find a
satisfying assignment. Can you generalise your formula to work for arbitrary n?

Problem 7 [LLM18, Prob. 3.32]
Which of the following are valid? For those that are not valid, desribe a counter-model.

(i) ∃x∃y · P (x, y) =⇒ ∃y∃x.P (x, y)

(ii) ∀x∃y ·Q(x, y) =⇒ ∃y∀x.Q(x, y)

(iii) ∃x∀y ·R(x, y) =⇒ ∀y∃xR(x, y)

(iv) ∃xS(x) ⇐⇒ ∀xS(x)

Problem 8 [LLM18, Prob. 1.10] (i) Suppose that a + b + c = d where a, b, c, d are nonnegative
integers. Let P be the assertion that d is even. Let W be the assertion that exactly one among
a, b, c are even, and let T be the assertion that all three are even. Prove by cases that

P ⇐⇒ [W ∨ T ]

(ii) Now suppose that
w2 + x2 + y2 = z2

where w, x, y, z are nonnegative integers. Let P be the assertion that z is even, and let R be the
assertion that all three of w, x, y are even. Prove by a case analysis that P ⇐⇒ R.

Problem 9 [LLM18, Prob. 1.6]
Show that log7 n is either an integer or irrational, where n is a positive integer.

Problem 10 [BDS05, Prob 7, pp. 115]
Prove using the contrapositive method that for all real numbers x if x2 − 2x ̸= −1 then x ̸= 1.
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