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Example 1 (Clausification) Transform the formulae Fy, Fs, F3, Fy, and -G
into a set of clauses, where

Fy: V 3P[x,y, 7]

T,y z

(Plz,y,u] A Ply,z,v] A Plu,z,w] = Plz,v,w])

T,Y,Z,U,0,W
F2 : A
(Plz,y,u] A Ply,z,v] A Plz,v,w] = Plu,zw])

Z,Y,2,U,V, W

F5: VYPlz,e,x] AVPle,z,x]

x

Fy: VYPlz,i[z],e] A VPi[z],z,e]

x x

G: (Z’P[x,x,e]) = ( vV (Plu,v,w] = P[v,u,w}))

U,v,W

Solution. Fi, F5,F3,F,; can almost immediately transformed into clauses. We
have

Plz,y, flz,y]]
-Plz,y,u] V =Ply,z,v] V =Plu,z,w| V Plz,v,w]

) Y

-Plz,y,u] V =Ply,z,v] V =Plz,v,w] V Plu,z,w



We transform —G into standard form

~((grwna) = (v, Pl = Poa))

u,v,W

@ﬁ(ﬁ (Z’P[m,x,e}) v <u,\3,w (=P[u,v,w] Vv P[v»uvw})»

v, W

= (VP[x,x,e]) A ( 3 (Plu,v,w] A ﬂP[v,u,w]))
~VP[z,x,e] N Pla,b,c] A =PIb,a,c]
which gives the following clauses

Plz,x, €]
Pla, b, ]
—PIb,a,]

Example 2 (Most General Unifier) Find a most general unifier for

W = {Pla,x, flg[yll], Plz, flz], flu]]}

Solution. Let o9 = ¢ and Wy = W. Since Wy is not a singleton, oy is not a

mgu of W.

Dy = {a,z}.

Let 01 = o {z = a}, Wi = Woor = {Pla, z, flg[yll], Pla, fla], flul]}-

W7y is not a singleton. Dy = {z, f[a]}.

Let oy = {z = al{z — fla]} = {z = a,z — fla]}. W2 = Wioy = {Pla, fla], flgly]]], Pla, fla], flu]]}.
W3 is not a singleton. Dy = {g[y], u}.

Let 03 = oo{u — g[y]} = {# = a,2 = fla],u — g[y]}.

W3 = Waoa = {Pla, flal, flgly]ll, Pla, flal, flglylll} = {Pla, flal, flgly]]]}-

Since Wiy is a singleton. o3 = {z = a,z — f[a],u — g¢[y]} is a mgu for W. <«

Example 3 (Most General Unifier) Find a most general unifier for

W ={Qlal, Q[b]}

Solution. Let o9 = ¢ and Wy = W. Since Wy is not a singleton, oy is not a
mgu of W.

Dy = {a,b}. Since none of the elements of Dy is a variable we conclude that W
is not unifiable. |

Example 4 (Resolution 1) Prove by resolution the following

YFla v YHE % Y(Fl] v Hg)



Solution. Direction “=". Let

We prove that G is a logical consequence of F' by resolution. We have
F < VFz] V VH[z]
<~ VF[z] vV Hly

z,y

-G = ﬁ@GWPJHMD

<~ 3J(=F[z] A —H[x])
~ =Fa] N —Hla
By transforming them into a set of clauses we have

(1) Flz] v Hly]
(2)  ~Fld]
3) ~—Hla]

By applying resolution we obtain the following clauses

(4) Ha)] (1)A §2§, {r = a,y — a}

Direction “<”. Let

We prove that G is a logical consequence of F' by resolution. We have
-G e - (\zF[:c] v \;/H[x])
= EI—\F[Q:] A g_\H[$]
~ =Fla] N —HIY]
By transforming them into a set of clauses we have

(1) Flz] v Hlz]
(2) ~Fla]
(3) ~HIb]



By applying resolution we obtain the following clauses

(4)  Hld] (1) A((2),{z —a}
() FB] (1) AB),{z— b}

<

Example 5 (Resolution 2) Prove by resolution that G is a logical consequence
of | and F5 where

Fy: V(Clz] = (W] A Ra])
Fy: 3(C[z] A O]
G: ?(O[x] A R[z])

Solution. We show that Fi; A F» A =G is unsatisfiable by resolution. We
transform Fy, Fb, =G into Skolem standard form. We have

Fi: Y(Cla] = (W] A R[z]))

& V(=Cl] v (W] A Rlz]))
> Y(-Clz] v W[z]) A (=C[z] V Rlz])

8

-G - (EI(O[x] A R[w]))

x

= ¥(~0fa] v ~Rlz)

We have the following set of clauses

(1) —Clz] v W]z]
(2) —Cla] V Rlz]
(3) Cla]
(4)  Old]
(5) —Olz]V ~R[z]

By resolution we obtain also the following clauses

(6) —Rla] (4 A(5){z = a}
(1) =Clal  (6) A (2),{z — a}
® 0 (M A3)



Example 6 (Resolution 3) Prove by resolution that G is a logical consequence
of F} and F5 where

Fs 3(Pld A YOW] = Ziea))
Fs y(Pll = Y@ = L)
G: ¥(Dl] = Q)

Solution. We show that F; A F» A -G is unsatisfiable by resolution. We
transform Fy, F5, =G into Skolem standard form. We have

Fs 3(Pld A yOL] = L)

Y

= 3(Pla) A YU v L))
< W (Plz] A (-D[y] Vv Llz,y]))
~ V(Pla] A (=Dly] Vv Lla,y]))

(1)  Pld]

(2) —Dlyl v Lla,y]

(3) —Plz] V =Q[y] V —~L[x,y]
(4) Dld]

(5) Qla]



By resolution we obtain also the following clauses

(6) Lla,a] (2) A (4),{y = a}

(1) —=Pla] v =Qla]  (3) A (6),{z = a,y = a}
(8) —Qld] (1) A (7)

9 0 (5) A (8)

<

Example 7 (Resolution 4) Prove by resolution that G is a logical consequence
of F' where

Fi V3(Slz,g]l A M) = 3(Ily] A Elw,y))
G: -3l] = v (S[z,y] = ~Mly])

Solution. We show that F' A =G is unsatisfiable. First we transform the for-
mulae into standard form. We have

FioY(3(loal A MBD) = 3001 A Bl

= v (36t A MBD) v 30 A Bloa)

=y (YOSt v MUD) v 301 A Bloo)

= (YOSl v MBD) v (LAl A Ble. £l

= WSkl v M) v (LSlel) A Bl 7))

= WSyl v ~Mb) V IS A Sieal v -MB) VBl i)
-G = (—EII[:U] = xyy(S[x,y] =M [y]))

— <—|§II[3:] = xyy(—'S[x,y] \/—'M[ZJD)

x

= (3101 v g sl v-m0) )

— (Z’ﬁI[x} A Ey(S[x,y]/\M[y]O

= VIl A 3 (Sl A M)
VoIl A Sla,b] A M)



We have the following set of clauses

(1) —Sz,y] v ~My] v I[f[z]]
(2) -S[z,y] vV ~M[y] V Elz, f[z]]
(3) —I[7]

(4)  Sla,b]

(5) MIo]

By resolution we obtain also the following clauses

(6) —Slz,yl v Myl (1) A3),{z = flzl}
(7)  —~MIb] (4) A (6),{z = a,y — b}
® 0 () A (7)

<

Example 8 (Resolution 5) Prove by resolution that G is a logical consequence
of Fy, Fy, and F3 where

Fi: Y(Q[z] = —P[x)])

x

Fos ¥ (B A Q) = 3(Tloal A SW)
F5: gl Plz] A ‘Z’(T[m,y] = Ply)) A R[m])
G: gl(S[x] A Plx])

Solution. We show that F; A F5 A F3 A =G is unsatisfiable. First we transform
the formulae into standard form.



Fr: V(Q[z] = ~Plr]) < V(=Q[z] v =Plz])

Fs g (Rl A QI = 3(TTead A SU))

8 <C

(Rl A ~Qle) v 3(Tlo] A ST

v(~Rlel v Qe v 3] A SDD)

VIR v QR v (Tleg] A D)

V(R v Ql] v Tlal) A (<RE] Y QR V ST))
V() V QU] v Tle flal) A (<Rl Y Q] v S

x

w L1 e e

Fas 3(Plal A (Tl = P A Rld])

= 3 (P[z] AY(Tleg] v PR A Rm)
— (Pl A (Tl v PRl A Rl)
— (Pl A (<Tla) v Pl A Rla)

-G (a (S[z] A P[x}))

x

=  V(=S[e] v ~Plz])

From the normal forms we obtain the clauses (1) to (7), and then by resolution
we obtain the clauses (8) to (15):

(1)  —Qz] v —Plz] F

(2)  —R[z] v Qz] VvV Tlx, flz]] F

(3)  —R[z] v Q[z] v S[f[z]] Fy

(4)  Pld] F3

(5)  —Tla,y] vV Ply] F3

(6)  R[q] Fy

(7) =S[x] V = P[z] -G

8)  —Qla] (DA 4),{z — a}
(9)  —Rla] V Tla, f[a]] (8) A (2),{z — a}
(10)  —R[a] Vv P[flal] ) AB).{y — flal}
(11)  P[f[a] (10) A (6)

(12)  =S[f[a]] (11) A (7)

(13)  —R[a] V Qld] (12) A (3)

(14)  Qld] (13) A (6)

(15) 0 (14) A (8)



