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Instructions:

1. The exam consists of 8 pages, including this page, containing 7 questions.

Answer all 7 questions. Show all the steps.

2.

3. Make sure your answers are clear and readable.

4. The exam is closed book and closed notes. No calculators or any helping aides are allowed.
Make sure you turn off your mobile phone and keep it in your pocket.

5. If there is no space on the front of the page, use the back of the page.

. Maximum Earned
Question Points Points Remarks
1 20
2 15
3 10
4 10
5 25
6 10
7 10
Total 100
Rules of Inference:
p—>(pvaQq) Addition [FaAn(p—>q)]—>—p Modus Tollens
. e . H thetical
(prg)—p Simplification | [(p > g)A(@—>T1)]—>(p—T) z}lf)l(l)ogies;ia
. . Disj ti
[(P)A(a)] > (pAq) | Conjunction [(Pva)A—pl—>g syllogism
[pPA(p—>0)]—q Modus Ponens [(pvq)/\(—pv r) —)(q\/ r) Resolution
VxP(x) — P(a) forall a Universal IXP(x) — P(a) for some a Existential
Instantiation Instantiation
Universal Existential
P(a) foralla — VXxP(x) Generalimation P(a) for somea — IXP(X) Generalivation




2
Q1: [20 points] Answer the following questions.
a) [4 points] Write each of these statements in the form “if p, then g” in English.
i. Itisnecessary to walk 8 miles to get to the top of Long’s Peak.

ii.  You will reach the top, unless you begin your climb too late.

b) [4 points] Determine whether (p Aq) = rand (p = r) A (q = r) are logically
equivalent or not. Justify your answer.
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c) [6 points] Show that ((=p V q) A p) — q is a tautology without using a truth table.

d) [6 points] Given a conditional statement p — g, find the inverse of its inverse, the
inverse of its converse, and the inverse of its contrapositive.

Inverse of its inverse:

Inverse of its converse:

Inverse of its contrapositive:
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Q2: [15 points] Consider the following statements: “If Nada does not take a course in discrete

mathematics, then she will not graduate.” “If Nada does not graduate, then she is not qualified
for the job.” “If Nada reads this book, then she is qualified for the job.” “Nada does not take a
course in discrete mathematics but she reads this book.”

a) [9 points] Translate the above statements to propositional logic.

b) [6 points] Determine whether these statements are consistent or not. Clearly justify your
answer using logic.
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Q3: [10 points] Given the following Prolog facts and rule:
father (khalid, ahmad).
father (khalid, ali).
father (khalid, salim).
father (ahmad, layla).
father (ahmad, huda).
father (riyadh, nadir).
mother (nadia, ahmad).

mother (nadia, ali).
mother (salma, salim).
mother (noora, layla).

mother (noora, khalil).

mother (sameera, nadir).

mother (noora, khalil).

sibling (A, B) :- father(C, A), father(C, B).

(
(
(
mother (noora, huda).
n
(

where father (x, y) means that x is the father of y, mother (z, w) means that z is the
mother of w, and sibling (A, B) isarule as defined above between A and B. What would
Prolog return when given these queries?

a) [2 points] father (sameera, nadir).

b) [2 points] mother (X, layla).

) [3 points] father (khalid, 2).

d) [3 points] sibling (layla, X).
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Q4: [10 points] On the island of knights and knaves, suppose that you meet three people, Ahsan,
Badr, and Rami. What are Ahsan, Badr, and Rami if Ahsan says “I am a knave and Badr is
a knight” and Badr says “Exactly one of the three of us is a knight”?
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Q5: [25 points] Let T(x) be the statement “X is a student in my class”, P(X, y) be the statement “X
has posted Post y on facebook,” and S(x, z, y) be the statement “x has shared Post y that was
posted by z,” where the domain for the variables x and z consists of all people, and the
domain of variable y is articles, images and posts that are posted on facebook. Use
quantifiers and predicates to express each of these statements, where no negation is outside
a quantifier or an expression involving logical connectives. You are not allowed to use
“31.

a) [5 points] Ahmad has shared some of the articles posted by Salim.

b) [5 points] Not all students in my class have posted something on facebook.

c) [5 points] Khalid shares every facebook post that is posted by Ali.

d) [5 points] There is exactly one student in my class who has shared his own posts.

e) [5 points] Waheed, who is not a student in my class, shares all posts that are posted by
students in my class.
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Q6: [10 points] Answer the following questions.
a) (2 points) Find a domain for the quantifiers in Ix3y((x # y) AVz((z = x) V (z = y)))
such that this statement is false.

b) (8 points) Suppose that the domain of the propositional function P(x) consists of -5, =3,
-1, 1, 3, and 5. Express the statement 3x( —P(x)) A Vx((x < 0) = P(x)) without using
quantifiers, instead using only negations, disjunctions, and conjunctions.

Q7: [10 points] Use rules of inference to show that if
Vx(P(x) v Q(x)) and Vx((—P(x) A Q(x)) — R(x))
are true, then Vx(—R(x) — P(x)) is also true, where the domains of all
quantifiers are the same.





