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Instruction

= You have 80 minutes o complete the exam.

& The examn consists of 20 questions for & total of 60 polnts. You pet 3
points for each correct nnswer and =1 point for aach peorrect ooe.

# The exam B open book, bot no nptogs o electronics acossmcies are
allowed.

Do pot turn this page until instrocted to do so.



Proposition Logic (9 points)

Question 1. The sentence (F — (@ — R)) — ((P — @) — (P — H)) &
[A) Valid and satisfiable.

(B} Invalid but satisfinble.

(C) Valid but unsstisfisble,

{1} Invalid and unsatisfable.

Question 2. Let P stand for T will serve pou daa” amd let ) stand for “pon
order coffee”. The sentence =T will serve you tor of pou do not onder coffes” is
kst represented by which of the following?

{A) P = Q.
(B) P— —G.
) P—Q.
(D) P — .

Qestion 3. Which of the following forms a complete set of propositional con-
nectives?

I A
IL A,V

IL —, false

(A} I only.

(B) 11 ouly.

{C) 1 and 111 enly.

(DY I, I, and III.



Predicate Logic (9 points)
Question 4. Consider the sentenoes:
L {Sy)(¥z) Pz, y) — (V=) (3y) Pz, p)
IL (ve)( TP ) — (Fnd(vVe) Pz y)
OL (vx)ed(x) — (Ae}cHz)
Which of them is wbid?
(A) MNone.
(B) I and IIT only,
(C) I and I only.
(D} 111 enly.

Question 5. Lot F and § be arbitrary formulse, and define 5, and 55 as
Foslbororsz

S (VE)F — (Vo)g
Sy:  (VE)NF — &)

Which of the following are true?
I & and Sy are squivelent.,

II. Assuming that 8§y and Sy are closed, if 5 & valid then 55 is valid.
1. Assuming that &, and Sy are closed, if Sz & walid then 5y is valid.
[A) T only.

(B} IT aoly.
(T} I only.
() T and I1T only.

Question 6. Let F and & be arbitrary formulse. If () F AL is unsatisfiable
then:

{A) (Fx)[~F — ) is wlid.
(B} [¥x)[F AG) b valid,
{C) [Vz)[F — @) is valid.
(D) {¥z){F — F) is walid.



Unification (6 points)

Question 7. Which of the following ie & most general unifier of h(x,y) and
h{gly). Fl=z))?

(A) {= ~ glw)}

(B) {w« Ffl=z)}

(C) {z + glw) v~ Fiz)}

(D) the terms are not unifiabie.

Quoestion 8, Which of the following are unifinble?
£y + A fiz) =)

tz : hip, z)
ts : bz 9ly))

[A) [Er,02) ondy

(B) (£2,02) and (£, 13} only.
(€4 (f1,83) and (fa,t3) only.
(D) (fg,23) and (t),t3) only.



Skolemization (6 points)
Question 9. Consider the sertenor:

(v Fo) (3=} () P, g, 2, ) — (Fu) Q)] .
Which of the following skolemizations preserves valididy?
(A) (¥z)[(2s) Pz, flz), 290z, £)) — Qih{x)]]
(B) (3u)[(ve)Pla, . fly), w) — (Guw)Q(w)]
(C) (Ve)|(3s)Plx, fl=), 2 90z 2)) — Qal]
(D) (Yo [(VuwhPx, flz). gz, w), w) — Qlhiz))]
Question 10. Consider the ssntewee

(v Fp[( (v )Piz, g 5, w) — (GwhHw)].
Which of the following skolemizations preserves sadiafiabdity”
(A) (¥z){(F2)Piz, flz), z,9(x. 2)) — Qkiz]]] |
(B) (3y)(va)Pla, u, fly), w) — GHw)Qlw]]
{C) (¥x)[(3=)Plx, flz), £, 0(2, 2)) — Qla)]
(D) (¥o)[{¥uwdPlx, flx). gz, w), w) — Q{hiz))]
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Qestion 11. Consider the following deductive tableau where T, g, and & are
varinbles, and a is o constant.

Y 7 —
G2 | Ry, z) A Pla, 1)
What is the resolt of an AG-resolutbon of AL and G227
() G2 [ Q) ~ Hip.=) |
(Br G I -a ]
(© @] [ Q) A Riw, =) |
(0} [G3] [ ~Q(y) » Riw,a) |

the truth value of F | 0 is true If both F and § are false, and false otherwise.
Which of the following nor-splitting deduction rales pressrnes equivalenes of a
deductive tableau?

mssertions | gouls
| A,
Az
assertions | gosals
Ay | As
IL.
LT ]
Az
et
Ay | Ay
1T r
Az
[A) Mone.
(B) 1 only.
(€) 11 ouly.

{D} T and I cnly.




Polarity (6 points)

Question 18. Let X be a formula whoes occurrences in F[.X| have all negative
polarity, Asmume that the formuala X — ¥ ks troe under interpretation f, Then:

(A} FIX] is true under I.

(B] F[¥] is trus under 1.
(C) FIX) — F[¥Y] ie true under I
(D) FI¥] — F|X] is true under T.

Queestion 14. Which of the following sentences are instances of the polariky
presiaition

L (P —@)—((R—P)— (R—Q))
IL (@ — P) — ({R— P) — (R — q))
L (P Q) ~ (@ — P)

{A) Nome.
(B) 1 only.
(€) 11 only.

{D) T enly.




First-order theories (9 points)

q_':luliun 15. Let T be a forst-order |:.|'|n-|:|r;|r misch that

& all finite interpretations with an even number of members are models of
T.

# all finite interpretations with an odd number of members are not mosdels
af T,

Which of the following hold?
L T does not exists

II. T has an enumersble model

III. There exists a theory § such that TU & = (vx, y)(z = u)

(A) None.

(B 1 only.

() 11 only.

(D) 11 and 00T only.

Question 16, Let T be a Anitely axiomatkzable theory, Which of the following
necesanrily holds?

I T haa a finite model
M. T is decikdabla
I IET is complete, then T i decidalle
(A) Mone.
{B) I and 11 caly.
{C) I and TII only.
(D) [ only.
Question 17. Which of the following theorbes is undesidable?
(A) The theory of natural pumbers under zero amd sucoessor.
{B] The theory of natural numbers under mero, suscessor, and addition.
{C) The theory of natural nombers under sero, successor, addition, and multi-
plication,
(D) None of the above.



Well-founded relations (9 points)

Oueation 18. Let < be a well-founded relation over A, Which of the following
mecessarily lwolds?

[A) = is irreflexive.
(B) = is tranaitive,
(N A s Anite
(D) A s infinite.
Guestion 19. Which of the following is true?
I. There exkts & wall-founded relation which s symmetric
II. There exists o well-bunded relation which is trangitine
(A) Nome.
(B} T only.
() I onby.
() 1 and IL

Question 20, Which of the following relations < ower the set of natural mam-
bers & wall-foumwded?

Lxxyife=y+1
I r~pifz<gy
INl. T = p iff there exists a z such that gz = =
(&) T omby.
(B} I and IT only.
() T amd TIT only.
(1) Mone of the abuove.





