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Instructions:

e Before starting the exam, please display an ID card with your name and picture on
your desk. The proctor will pass during the exam to check your identity.

i e This is an 80-minutes closed-book exam: no notes are allowed.

e The exam consists of five long answer questions. To receive full marks, your solution
must be complete, correct, and show all relevant details.

e You may detach the last page from this exam and use it as scrap paper. It only
contains a table of boolean equivalences and won’t be graded.

e If you lack work space for your solutions, you may use the back pages, but please
indicate it clearly.

e Cellular phones, calculators and other electronic devices are strictly forbidden. Those
devices must be turned off and stored out of reach.

{ e Good luck!
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Question 1 (20 marks)
Let A be the following formula.

(P QA (P=R)=(QAR)

lO (a) Write down the truth table of A. B C D E
A~ A A
5me | | Dok _
T | T | T
F k T
F F T
.
F T T
F F T
Lt T F =
Line® 77 | T T =

L) (b) Is A a tautology? Is it a contradiction? Is it satisfiable? Justify your answer.

Tt is ot 4 'iau'/‘o/ogﬂ Since the last column contains af lust
L one. 'F' Tt is not a confradiction od i+ i> :«f:‘sﬁ'qlo/q,
} since the ST column conTuins of Jast one ‘T

6 (c) Use the truth table you found in (a) to find a conjunctive normal form (CNF) for
the formula A. You don’t need to simplify your answer.

A

= -(Lire F) A A (Line§)
(3P QAR) A+ (vParQarR)
= (PVQV"K) N (PVQVR) ,

IR L
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Question 2 (20 marks)
Consider the following proposition.

“ In order for Little Red Riding Hood not to be eaten by the wolf and for the
cookies to be delivered to Grandma, it is necessary that the wolf 1s asleep or
that the cookies are not delivered at night. ”

% (a) Translate the proposition above into a formula of propositional logic.

Hint: Propositional variables should correspond to atomic propositions. Don’t forget
to state what their interpretation is!

E = " Lty Rad Rickicy Hoodd & 20ig Ay 0 wol)
G =" Cookds, mma dikiinsd G Gutordina
Az " Tha "‘"‘(4“‘ all‘-b‘»r" |

The poposin & :

(‘lE’\G):?(AV"N)

g (b) Use boolean equivalences to find the negation of the formula that you found in (a).

Your answer should be as simple as possible.

G(GEAG) D (Avaw)): -1(1[15"6)\'/(/1‘””))
S (EAG) A (Avan)

2 AErG)A(A AN
J1EAG A A AN

L-( (c) Translate the formula you found in (b) back into English.

LRRH 6 ot ek by The tal) | T cohibe agy feimos

To Gasrdog 'm{\w‘f Mt adiep and T copha
mw ot wight




MAT1348, S17, Test 1 A Page }

Question 3 (20 marks)

On the island of knights and knaves, three inhabitants A, B and C, are being interviewed.
A and B make the following statements:

e A: B is a knight.
e B: If A is a knight, then so is C.
The problem is to find the types of A, B and C, if possible.

\k (a) Translate that problem above into a satisfiability problem for propositional logic.

Lot Az “A b a kgt
B:‘Bw«“«;u"
C-"C 5 aki"
A B (toex A pams D& o bnight' )

v
B> (A=0) (v Doy poc)
lQ\ (b) Solve the problem, usmg the method of your choice.
| /B@(Azac);T s ﬁmw -
4 F
| B:T F B:T B:F
» /AaC:T AsC:F  APCT  A=C:F
A:F cT (A/§
X O EiF
N\

Ondy ox opon busrch | 1n AT, B:T, T |

7 SlTons | AD o © w etk |
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Question 4 (20 marks)

Use a truth tree to determine if the following set S of four formulas is consistent. If you
claim that it is consistent, give one example of an assignemt of truth values that satisfy

it.
{ P=(Q=R),
S = (R\/S)=>ﬁQa
) U= (SAQ),
RA(=SVQ)

/Pf—v[aak) T

/(Rus)=>2Q : T
T o= (s40)0T
\/R Alsv) T

R:T
/‘lSvQ T
; ~ —~—
J"S‘;‘r QiT
oL / T~
R:F R
{5'2 i N\ S:F
WiE Isner X
X VT |
N
PF QeReT CQ)? Vol ‘1"""'9'@'7{[‘7&% sroush)
@) /\' PUF, QF, R:T s:F, UiT
Q:F R:T F“T/Q‘F,R:T,.S-'F/ UiT
o O

e a polition ‘Mwm“
Gl open Maioh
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Question 5 (20 marks)
Let A be the following formula.

(~(P & Q)V(RV Q) = ~(SA-P)

[0 (a) Use boolean equivalences (no truth table!) to find a disjunctive normal form
(DNF) for A.

| (’l(?é—‘—?@)v(()\V7Q)) :7—7(5/\7P)
’ = ﬂ(ﬂ(Pé’&)v{R”lsz)) v a1 (s11F)
| E((PC?’Q)A‘I(?\V‘;Q))\/—IS“ v P

i(({PAQ)V("P/"‘l)) 1R"Q)> vaSvp

(P/\Q/\?K/\Q) v (19,\ 1@/\1&/\61) VS vP
o (Pra IR Dy L T
o P

10 (b) Find a proposition B that is logically equivalent to A but uses only the connectives
A and —. Simplify your answer as much as possible.

= (P/\Q AQ/\‘JT\) V(‘lPA‘)QA QraR) v 28v P

(PAQMR) v (1PaF7aaR)vaSvP
(PAQA9R) v 2§ v P

') 9

I\

“1('1(%&“&)/\ SaA 1p)



Table of Basic Logical Equivalences

| Equivalence | Name
i (1) P—-@Q = -PVvQ Implication Law
(2) P+ @Q = (PAQ)V (=P A-Q) |Biconditional Laws
, (3) PoQ = (PoQNQ—P)
| (4) Pv-P =T Negation Laws
5)| PA-P = F
(6) PVF = P Identity Laws
(7) PAT = P
(8) PvT =T Domination Laws
9) PAF = F
(10) PvP = P Idempotent Laws
(11) PAP = P
(12) -—P = P Double negation
(13) PvQ = QvP Commutative Laws
Q/ (14) PAQ = QAP
(15) [ (PVQ)VR = PV(QVR) Associative Laws
(16) | (PAQ)AR = PA(QAR)
(17)|PV(QAR) = (PVQ)A(PVR) Distributive Laws
1(18)|PA(QVR) = (PANQ)V(PAR)
(19) ~(PAQ) = -PV-Q De Morgan’s Laws
(200 —(PVQ) = -PA-Q




