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Q1: ~Jz(p(x) vV Vyq(z,y) — Fzr(x, 2))) AVyIzs(y, 2) =
Va(~plx) A —(Vya(z,9) — F2r(z, 2))) A Vy3e s(y,2)
Va(—p(x) A (Vyq(x,y) ANVz—r(x, 2))) AVoIw s(v, w
VaVyVzYodw(—p(x) A q(z,y) A —r(x, z) A s(v,w)).

Q2: For a model of =p; and —py choose M with |9 = {0,1} and p™ = {(0,1),(1,0)}.

For a model of —~p3 choose M with |9 = {0,1}, ¢™ = {(0)} and »™ = {(1)}.

For a model of ~¢4 choose 9 with || = {0,1}, ¢™ = {(0)} and ™ = {.

For a model of -5 choose 9 with [t = {0} and p™ = 0.

For a model of ~pg choose M with |90t = {0,1,2,3} and p™* = {(0,1), (1,2), (2,3), (3,0), (0,0), (2,2)}.
For a model of =7 choose M with 9| = {0, 1,2} and p™ = {(0,1), (0,2), (1,2), (0,0), (1,1),(2,2)}.
Q3: For instance, dx—p(x,z) A Jz3y(p(z, ) A p(y,y) A —p(z,y))

Q4:

~(Vap(z) V Vaq(r)—Vz(p(z) V q(z)))

Vap(x) vV Ve q(z), ~Va(p(z) V q(x))

/ \
Va p(x), ﬁVx|(p(fﬂ) V(7)) Vi q(x), ﬁVx|(p(fﬂ) Vq(z))
—(p(al) v CJ(|a1)), Va p(x) —(p(a2) v Q(|a2)),vfﬂ q(z)
—p(al), ~q(al),Vz p(z) —p(a2), ~q(a2),Vz q()

p(al),—p(al), ~q(al),Vep(zr)  q(a2),—p(a2),~q(a2),Vz q()
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Q5:

ﬁ(ﬂyp(y)ﬁvyfﬂxp(w)ﬂp(y)))

—Jyp(y), ~Vy(Fep(z)—p(y))
ﬁ(ﬂxp(w)ﬂp('al)), ~Jyp(y)
Jap(z), ﬁp(cLl% ~Jyp(y)
p(a2), ﬂp(a:l), =Jyp(y)

—p(a2), ~p(al), p(a2), ~Jyp(y)

X

Q6:

ﬁ((pr(w)HVxQ(w)f—*fw(p(w)—vz(w)))
Vap(z)—Vaq(z), -V (p(z)—q(r))
_— ™~
—Vap(z), ﬁVOT(p(x)HQ(w)) Vaq(x), ﬁVxl(p(x)HQ(w))
—p(al), ﬂ\fxl(p(x)ﬁq(x)) ﬁ(p(a3)—>q(|a3)), Vaq(z)
ﬁ(p(a2)—>q(|a2)), —p(al) p(a3), ﬂq(cll?))’ Vaoq(z)
p(a2),~q(a2), —p(al) q(a3),p(a3), ~q(a3),Yrq(x)
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Q7.

solve :-
permutation([MarcoToppingl,PepperoniToppingl,SuperToppingl,NinjaToppingl],
(ham,praws,salami,tunal),
permutation([HawaiianTopping2,PepperoniTopping2,SuperTopping2,NinjaTopping?2],
[avocado,corn,olive,pineapple]),
permutation([HawaiianPrice,MarcoPrice,SuperPrice,NinjaPrice],
[5.00,6.50,8.50,10.00]1),
discover([[_,HawaiianTopping2,HawaiianPrice],
[MarcoToppingl,_,MarcoPrice],
[PepperoniToppingl,PepperoniTopping2,_],
[SuperToppingl,SuperTopping2,SuperPrice],
[NinjaToppingl,NinjaTopping2,NinjaPricel]),
writef (’Hawaiian pizza has mussels and %w, and costs $%d0.\n’,
[HawaiianTopping2,HawaiianPrice]),
writef (’Marco-Polo has %w and tomato, and costs $%d0.\n’,
[MarcoToppingl,MarcoPrice]),
writef (’Pepperoni has %w and %w, and costs $7.00.\n’,
[PepperoniToppingl,PepperoniTopping2]),
writef (’Super-Supreme has %w and %w, and costs $%d0.\n’,
[SuperToppingl,SuperTopping2,SuperPrice]),
writef (’Ninja-Pizza has %w and %w, and costs $%d0.\n’,
[NinjaToppingl,NinjaTopping2,NinjaPrice]).

discover(Solution) :-
Solution = [[_,_,HawaiianPrice],
[MarcoToppingl,_,_],
[_,SuperTopping2,_],
-1,
HawaiianPrice > 6.50,
MarcoToppingl \= ham,
member ([ham,_,8.50] ,Solution),
SuperTopping2 \= pineapple,
member ([tuna,corn,Pricel] ,Solution), Pricel =\= 6.50,
member ( [Topping,olive,5.00],Solution), Topping \= salami,
member ([_,pineapple,Price2],Solution), Price2 \= 10.00.



