Esercizi sulla sintassi del Calcolo dei Predicati

Esercizio 1

S’individuino, in ciascuna delle seguenti formule, le occorrenze libere e quelle vincolate
di tutte le variabili.

1.1 Jy (Va3z3k (A (x,y) — B(x,k,2,t)) VIx (C(x,y,2) VIsD (s, 2)))
1.2 Jz (Vy3Iz3k (A (z,t,y) — B (z,k,2,9)) V Iy (C(z,y,2) VIsG (s, 2)))
1.3 JaxVy (323k (A (z,t,y) — B(x,k,2,8)) VIz(C (z,y,2) VIsG (s, 2)))

14 (FzA (z,y,2) V (Vz (B (y) V B (2)) A JzC (2,t,8))) < VsD (s,z, k)

1.5 (FzA(z,y,2) VVz (B (y,2) VC(2)))V IaVk (D (z,t,s) < VsE (s, z,k))

1.6 (FzA (z,y,2) = Vy (B (y,2) VC(2))) AVx (3sD (z,k,s) VVEE (s,x,k))

1.7 (FzA (z,y,2) ANVy (B (y,2) — C(2))) V Iz (3IsD (z,k,s) N\VEE (s, x,k))

1.8 (3zA (z,y,2) AVy (B (y,2) — C(2))) V3x (3sD (x, k,s) AVKE (s, x, k))

1.9 (FzA (z,y,2) VVz (B (y,2) VC(2))) V IaVk (C (x,t,8) < VsD (s, z,k))
1.10 (FzA(z,y,2) VVz (B (y,2) VC(2))) V IaVk (C (x,t,s) < VsD (s, z,k))

Esercizio 2
Per ciascuna delle seguenti formule si scrivano in Forma Normale Prenessa sia la formula
stessa che la sua negata.

2.1 p =VaVy((A(x) vV B(x,y, 2z)) — VtC(t, s, x))

2.2 v = Jx(Vz(A(z, 2) — B(x,y,2)) — JtC(L,s,x))

2.3 p = aVyA(x,y) « Jz-B(z)

2.4 © = (FaVyA(z,y) V Iy—B(y)) A (VaC(z) — FzD(z))

2.5 p = (Vedy—-A(z,y) — Jy—-B(y)) AVz(C(x) A =3zD(z))

2.6 » =Va((JyA(z,y) AVy—B(y) A JzC(2)) — JzD(z))



Soluzioni

Esercizio 1

Sottolineiamo una volta le occorrenze libere e due volte quelle vincolate.
1.1 Hdy (Vaﬂzﬂk (A (g, g) — B (g, k,z, 1)) Vv dz (C’ (g, g,g) VvV dsD (é,g)))

1.2 dx (VyEizElk Alz, Lg) — B (g,é, ;,g)) Vv dy (C’ (g, g,g) Vv 3sG (g,g)))

(
1.3  daVvy (EizElk (A (g, Lg) — B (g,é, §,§)) V 3z (C (g,g,é) V 3sG (gé)))
L4 (FeA(z,yz) Vv (V2(B(y v B(2) A3C (2,t,5))) < VsD (s,2, k)

)

1.5 (JwA(z,y.2) VV2 (B (y.2) VO (2))) Vv I2Vk (D (2.t 5) < VsE (s,2,k))
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1.7 (EIzA (z,y,2) AN Vy
(

1.8 JzA (g, Ys z) AVy (B Y, g) —C (g))) Vv dz (EISC’ (g, @,g) AVED (g,g,ﬁ))
1.9 (3zA(z,y.2) VVz(B(y,2) VC(2)) V3avk (C (z,t,s) < VsD (s,2,k))
110 (3zA(z,y.2) VV2 (B (y,2) VC(2)) Vv IaVk (C (.t 5) < VsD (s, 2, k))



Esercizio 2

2.1 prNP:

(_‘SO)FNP :

2.2 PFNP :

(m¢)FNP -

2.3 vFNP:

(m¢)FNP -

2.4 pFNP:

VaVy((A(z) V B(z,y,2)) — VtC(t, s, x))
= Vavy(—(A(x) V B(z,y, 2)) VVIC(t, s, x))
= VaVyVit((-A(z) A ~B(z,y,2)) vV C(t,s,x))

S[VaVyVi((—A(x) A =B(x,y,2)) vV C(t, s,))]

= dxJyTt—-((—A(x) A —B(z,y,2)) vV C(t, s, 1))
= JaJyFt(-(-A(z) A -B(z,y,2)) A-C(t,s,x))
= J2IyI((A(z) V B(z,y,2)) A C(t, s, x))

Jx(Vz(A(z, 2) — B(x,y,2)) — FHC(t,s,x))

= Ja(—Vz(mA(z,2) V B(z,y, 2)) V IHC(L, s,x))
= Ja3z3t(—(-A(z, 2) V B(z,y,2)) V C(t, s,2))
= Ja323t((A(z, 2) A —B(x,y,2)) VC(t,s,x))

=[Fz32Ft((A(z, 2) A —B(x,y,2)) V C(t, s,x))]

= VaVeVi-((A(x, 2) A =B(z,y,2)) VC(t,s,x))
= VaVeVi(=(A(x, 2) A =B(z,y,2)) A =C(t,s,x))
= VaVeVi((-A(x, 2) V B(x,y,2)) A =C(t, s,x))

JaVyA(z,y) < Jz-B(z)

= (FaVyA(z,y) — F2-B(2)) A (32-B(z) — JaVyA(z,y))
(FaVy-A(z,y) V Iz—B(2)) A (-32-B(z) V JaVyA(z,y))
(FaVy-A(z,y) vV Iz=B(2)) A (V2B(2) V JzVyA(z, y))
(FaVy-A(z,y) V Iz-B(2)) A (VeB(c) V Ja¥bA(a, b))
J2VyIzFaVVe((—A(z,y) V ~B(z)) A (B(c) V A(a,b)))

= [FxVy3IzIavbVe((—A(z,y) V = B(2)) A (B(c)
= VaIyVzVaIbIe—((—A(z,y) V - B(z) (
= VaIyVzVaIbIe(—(-A(z, y) V - B(2) ( ,
= VaIyVzVaFb3Ice((A(z,y) A B(z)) V (=B(c) A —A(a, b))

(FaVyA(z,y) VvV y—-B(y)) A (VzC(x) — F2D(2))
(FzVyA(z,y) vV Iy-B(y)) A (-VzC(z) V IzD(z))
= (FaVyA(z,y) V Ja—B(a)) A (-VC(b) vV 32D(z))
= (FxVyA(z,y) V Ja-B(a)) A (3b-C(b) V 32D(z))
= AeVyIaTbIz((A(z,y) V - B(a)) A (=C(b) V D(2)))

~— —



(m¢)FNP -

—[F2VyTaIoIz((A(z,y
= VaIyVaVbVz—((A(z,
= VaIyVaVbVz(—(A(z,

y)
y)
= VaIyVaVbVz((—A(z, y)

2.5 PFNP :

Vedy—-A(z,y) — Jy—B(y)) AVa(C(x) A —3FzD(z))
(—(Vedy-A(z,y)) V Iy=B(y)) AVa(C(x) A =32D(2))
(FaVyA(z,y) vV Iy-B(y)) AVx(C(x) AVz-D(z))
(FaVyA(z,y) V Ja—B(a)) AVb(C(b) /\Vz—\D( )

= JevyIavbvz((A(z, y) v ~B(a)) A (C(b ) D(2)))

= S0y Bav7=((A(z, 5) V ~B(a)) A C(b) A-D(2))

—~

(—¢)rnp :

—[FaVyIaVVz((A(z, y) V - (a)) A
= VaIyVaIb3z—((A(z,
= VaIyVaIbIz(—(A(

y)V -
Y) Vo
= Ve IyVaTbIz((—A(z,y) A

8 B

)

2.6 YPFNP

Va((FyA(z,y) AVy—B(y) A 3zC(z)) — FzD(z))

= V(- (JyA(z,y) AVy—B(y) A JzC(z)) V 3zD(z))

=V ((-IyA(z,y) V -Vy—=B(y) V =32C(z)) V 3zD(z))
=Ve(Vy-A(x,y) vV IyB(y) VVz-C(z) V 32D(z))
=Va(Vy—A(z,y) vV JaB(a) VVz-C(z) vV IbD(b))

= VaVyJaVz3b(—A(z,y) V B(a) V ~C(z) V D(b))

(—¢)rnp :

)
= JdxIyVaI2Vo—(—A(z,y) V B(a) V -C(z) V D(b))
= dxIYVaI2V0(A(z,y) A —B(a) A C(z) A —D(b))



