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Quiz 1: Boolean Logic

Question 1. Fill in the missing entries in the truth
table of this proposition:

E = ¬(r → ¬q) ∧ (q→ r).

Fill in the . . .:
p q r E
T T T don’t care
T T F don’t care
T F T . . .

T F F . . .

F T T don’t care
F T F don’t care
F F T . . .

F F F . . .

Question 2. Find the Boolean expression that has
this truth table:

p q ?
T T F
T F F
F T T
F F F

(Select 1 answer):

(A) ¬(p→ q),
(B) ¬p→ ¬q,
(C) ¬(q→ p),
(D) ¬q→ ¬p.

Question 3. Determine whether the following
proposition is satisfiable: (¬p ∨ ¬q) ∧ (p → q). If it
is satisfiable, what are the truth values for p and q that
makes it true.

(Circle answer and fill in the . . ., if appropriate.)
Is the expression satisfiable: YES NO
If yes, what values can satisfy it (just 1 example):
p = . . . q = . . .

Question 4. Consider the following proposition:
“You cannot eat vegetables unless you also eat ice
cream.” Express it as a Boolean expression, if there
are two atomic propositions:
A: “Person x can eat vegetables.”
B: “Person x eats ice cream.”
(Write your expression here) . . .

Question 5. Determine whether the following two
propositions are logically equivalent: E1 = p∨¬(q∨r)
and E2 = (p ∧ ¬q) ∨ (p ∧ ¬r).
If they are not equivalent, find some values p, q, r that
makes E1 different from E2.
(Circle answer and fill in the . . ., if appropriate.)
Are both expressions equivalent: YES NO

If not, which truth values make them different:
p = . . . q = . . . r = . . ..

Question 6. Translate the given statement into
propositional logic using the propositions provided:

“In Riga a person can receive low income
status, if he or she lives in a family where
the income per family member during
the last 3 months did not exceed 320
EUR per month, or there is one person
in your family, who receives an old-age
or disability benefit up to 400 EUR per
month.”

Express your answer in terms of 3 atomic propositions
A: “You are living in a family where the average in-
come per family member does not exceed 320 EUR
per month during the last 3 months.”
B: “You are a single who receives an old-age or disabil-
ity benefit not exceeding 400 EUR per month.” and
C: “You can get low income status.”
(Write your expression here) . . .

Question 7. (Note: In this problem “knights” al-
ways tell the truth and “knaves” always lie.)
Person A says “B is a knave.” Person B says “We
are both knights.” Determine whether each person is
a knight or a knave.
Is this situation possible: YES NO
If the situation is possible, who are A, B: . . .
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Answers

Question 1: Answer:
p q r E
T T T don’t care
T T F don’t care
T F T F

T F F F

F T T don’t care
F T F don’t care
F F T F

F F F F

Solution. Only need to compute E = ¬(r →
¬q) ∧ (q → r) when q = false (this equality takes
place for all the 4 interesting values). Also note that
the expression does not depend on p. We can simplify:

E ≡¬(r → ¬q) ∧ (q→ r) ≡
≡¬(r → ¬false) ∧ (q→ false) ≡
≡¬(r → true) ∧ q ≡
≡¬(true) ∧ q ≡
≡false ∧ q ≡ false. (1)

This table indicates that E = false whenever q =
false.

Question 2. Answer: (C).
Formula ¬(q→ p) is true only when q→ p is false
(it happens when q = true and p = false. This is
exactly the line which is true in our truth table.

Other answer alternatives compute other truth ta-
bles: Implications ¬p =⇒ ¬q or ¬q =⇒ ¬p have 3
out of 4 values equal to true (instead of 1 out of 4).
On the other hand, Boolean expression ¬(p → q) is
true only when p ≡ true and q ≡ false (this is not
our case).

Question 3. Answer: Yes, the formula is satisfiable.
To satisfy it, select p = true (and q can be anything).

In this case the Boolean expression:

E ≡(¬p ∨ ¬q) ∧ (p→ q) ≡
≡(¬true ∨ ¬q) ∧ (true→ q) ≡

Question 4. Answer: A→ B.
Let us reformulate the sentence: “You cannot eat veg-
etables unless you also eat ice cream.”. It becomes this:
“Whenever you have eaten vegetables, you have eaten
ice cream.”. Therefore vegetables imply ice cream (on
the other hand, eating ice cream alone is fine). There-
fore the answer is any of the equivalent expressions:

A→ B; ¬B→ ¬A; ¬A ∨ B.
Question 5. Answer: No, E1 and E2 are not equiva-
lent.
Their values differ when (p; q; r) = (T, T, T) or
(p; q; r) = (F, F, F).

Question 6. Answer: (A ∨ B)→ C.
The original text of these rules is trickier than that.
See https://bit.ly/35N8sIE, Article 14. One could find
some ambiguous cases: What happens, if in the ap-
partment there is one person with disability benefits
(slightly under 400) plus some other family members
having their average income slightly under 320? (But,
in the meantime, the overall average monthly income
in this family is between 320 and 400?)
And why the low-income status is given only to the
working age people, but the rule also mentions old-age
pension (vecuma pensija)?

Question 7. Answer: A is knight, B is knave.
We can sort cases depending on B:
Case 1: If B were a knight, then what he says (that
both A and B are knights) must be true. But A says that
B is a knave. This is a contradiction.
Case 2: If B were a knave, then there is no contradic-
tion, plus A tells the truth; so A must be knight.

https://bit.ly/35N8sIE
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