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Exercise Set 2

Exercise sets are to be handed in individually by each student using the OVSYS

system. Each set will be graded (godkjent / ikke godkjent). To get an exercise set

approved you are required to have solved correctly at least 70% (providing detailed

arguments/computations).

To be admitted to the exam in December (15/12/), you must have at least 4+4 set

out of the 12 assignments approved. At least 4 of the approved exercises sets must

be from the first 6 sets, and at least 4 must be from the last 6 exercise sets.

You are asked to pay attention to the quality of presentation, in particular, the cor-

rectness of mathematical notation and formalism.

Exercise 1. Let A,B,C be subsets of a universal set U . Show the following:

(1) A ∩ (B ∪ C) = (A−B) ∩ (A− C).

(2) (A−B) ∩ C = C − (A ∪B).

(3) A ∪B = A ∩B.

Exercise 2. Show that the following pairs of formulas are not equivalent:

(1) (p ∨ q) and (p ∧ q)

(2) (p ∨ q) and (p→ q)

(3) (p→ q) and (q → p)

(4) (p→ q) and (¬p→ ¬q)

(5) (p→ q) and ((p ∧ r)→ q)

(6) (p→ (q ∨ r)) and (p→ (q ∧ r))

Exercise 3. Which of the formulas below are tautologies and which are contradictions? Justify

your answers. If any of the formulas below are neither, then explain why this is the case.

(1) (p ∨ q)→ ¬p
(2) p ∨ (q → ¬p)

(3) (p ∧ q)→ ¬p
(4) ((p→ q) ∧ ¬q)→ ¬p
(5) ¬(p ∨ q) ∧ (¬q ∨ r) ∧ (¬r ∨ p)

(6) ¬(p ∨ q) ∧ p

Exercise 4. For each of the claims below, determine whether it is true or false. Justify the answer.

(1) The formula q is independent of the set M = {p ∨ q, r}
(2) The formula q is independent of the set M = {p ∧ q, r}
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(3) The formula q is independent of the set M = {¬q, p ∨ r}
(4) The set M = {p, q, r} is independent.

(5) The set M = {p ∧ q, p ∨ q} is independent.

(6) The set M = {p, p→ q,¬q} is independent.

Exercise 5. Which of the following alternatives are logical equivalent to p→ (q ∧ ¬r)?

(1) ¬(p ∧ q)→ (q ∧ r)

(2) (p→ p)↔ ¬r
(3) ¬((¬q ∨ r) ∧ p)

(4) (r ∨ ¬r) ∧ ((p ∨ q) ∧ q)

Exercise 6. Let M = {q, r → q,¬r ∨ p}.
(1) Find a valuation that falsifies all formulas in M .

(2) Find a valuation that makes exactly one of the formulas in M true.

(3) Is r a logical consequence of M? Justify your answer.

(4) Decide if q → p is independent of M . Justify your answer.

Exercise 7. Is the following statement a tautology (write down the truth table)?

(p ∧ (q → r)) ∧ (q ∨ (p→ r))

Use the laws of logic to simplify (give all steps):

¬((¬p ∧ q) ∨ (¬p ∧ ¬q)) ∨ (p ∧ q)

Exercise 8. Is the following statement a tautology (write down the truth table)?

(p ∧ (q ∨ r))→ (p ∨ (q ∧ r))

Use the laws of logic to simplify (give all steps):

(p ∧ (¬(¬p ∨ q))) ∨ (p ∧ q)

Exercise 9. Is the following statement a tautology (write down the truth table)?

(p→ (q ∨ r))→ (¬q → p)

Use the laws of logic to simplify (give all steps):

((p ∧ q) ∨ (p ∧ ¬r) ∨ ¬(¬p ∨ q)) ∨ ((r ∨ s ∨ ¬r) ∧ ¬q).

Exercise 10. Is the following statement a tautology (write down the truth table)?

((p ∧ q)→ r)→ (¬r → p)

Use the laws of logic to simplify (give all steps):

(p→ q) ∧ (¬q ∧ (r ∨ ¬q)).
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