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(1) Find natural deduction proofs forghe fgllowing sequents: P

A 5 I99) A
()p:—>q}——'p\/q )‘%)\3 P;\, ~ (P21 AP (10%)

g = g} == ] = 3 ’Eﬁé’——l—p—i) (10%)

(2 ) A cube is a conjgl_ctlﬂcih/te\rals A formula.\ls in dzsyunctwéfnormal form (DNF}if it is
a disjunction of cubes. el kg“"w\ N (\N{\ N U\‘\
(a) For any propositional logic formula ¢, find a propositional logic formula 3 i@
such that@ (10%)
\
(b) Show a cube is e if and only if there is a propositional atom p such that

both p and —p appear in the cube. @ (10%)

(c) Given a formula ¢ in DNF, please find a polynomial-time algorithm to determine if ¢

is satisfiable. \7‘3 R L“M ) (10%)
(3) Answer the following questions: Y L"" LL&,) \&'}
(a) Find a natural deduction proof for 3zVy—¢ = —Vz3yd. - (10%)

(b) Show there is no natural deduction proof for Vy 3z P(z,y) - 3z Yy P(z,y). (10%)

(4) Answer the following questions and justify your answers:

(a) Is there a predicate logic se@iuch that [}X s i \ (10%)

for every model M, M = ¢@) the size of the universe of M is a multlple of 3 le/s_s/tp_ggl()zél
Pate
(10

(b) Is there a predicate logic @C@Ch that L..’k, ' g 7 b\ &i}
. 3 o l

for every model M, M(= ¢ iff the W is a multiple of 37 WYY

-u\’hﬂ-\'f
‘Please turn the page for one more question!
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(5) Let 0 be a constant symbo/ll_ S a unary function symbol, and < a binary predicate symbol.

Define
' Vz-{5(z) = 0) ‘
- Vavy(S(z) = S(y) = z=y), >
Vy(-y =0 = Jzy = S(x)),
| VaS(2) = 2,¥55%(3) = 5,. .., YaoS"(z) = 3, .. | < xa ey b
(a) Find a modsl M for T (10%)

(b) Write z < y for < (z,y) and ¢ < o for (¢ = YP)A(p = ¢). Let

(
VxVy(% < S(y)}@éz =yVz< 9},
Vz—z < 0, ‘VfX, X2 0

)

A= VaVy(z <yVz=yVy<z),

VaVy(z <y = —(y < z)),

i VszVz(x<yﬁ1:>@<z = :v<zx)

Find a model NV for ' U A.

(10%)
(c) Find a model K such that there is a ¢ in the universe of K such that for any n > 0

n
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