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Propositional Resolution

  {}

1  2  …  n i A A)

  {}

{1, 2, … , n} i

{1, 2, … , n, }, {, 1, 2, … , m}

{1, 2, … , n, }, {, 1, 2, … , m}   {1, 2, … , n, 1, 2, … , m}
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Clausal Form in LFO

  {}

Qx1Qx2 … Qxn 

x1 x2 … xm  
wff

x (P(x)  (y Q(x,y)  R(y)))

x (P(x)  (y Q(x,y)  R(y))) 

x y (P(x)  (Q(x,y)  R(y)))

x (P(x)  (Q(x, k(x))  R(k(x)))) k/1

P(x)  (Q(x, k(x))  R(k(x)))
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Clausal Form in LFO

  {}

Qx1Qx2 … Qxn 

x1 x2 … xm  
wff

P(x)  (Q(x, k(x))  R(k(x)))

(P(x)  Q(x, k(x)))  (P(x)  R(k(x))) 

{P(x), Q(x, k(x))}, {P(x), R(k(x))}



First-Order Resolution [5]Artificial Intelligence  2024-2025

Unificare necesse est, for resolution
▪  

 {x (Greek(x)  Human(x)), x (Human(x)  Mortal(x)), Greek(socrates)}

Mortal(socrates)

{x (Greek(x)  Human(x)), x (Human(x)  Mortal(x)), Greek(socrates),

Mortal(socrates)}

{{Human(x), Greek(x)}, {Mortal(x), Human(x)}, {Greek(socrates)}, 

{Mortal(socrates)}}

{Mortal(socrates)}, {Mortal(x), Human(x)}

Mortal(socrates) Mortal(x)

  {}
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Unification

▪

 = [x1= t1, x2 = t2 … xn = tn]

 
() = ()

▪

P(g(x, f(a)), a) P(g(b, f(w)), k(w)) 

▪ MGU
 

MGU       :  = 

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Constructing the MGU

▪

[s1= t1, s2= t2 … sn= tn]

(2) (6)

m n 0
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Constructing the MGU: examples

[f(x, a) = f(g(z), y), h(u) = h(d)]

[x = g(z), y = a, h(u) = h(d)] (1) f(x, a) = f(g(z), y)

[x = g(z), y = a, u = d] (1) h(u) = h(d)

[f(x, a) = f(g(z), y), h(x, z) = h(u, d)]

[x = g(z), y = a, h(x, z) = h(u, d)] (1) f(x, a) = f(g(z), y)

[x = g(z), y = a, h(g(z), z) = h(u, d)] (5) x = g(z)

[x = g(z), y = a, u = g(z), z = d] (1) h(g(z), z) = h(u, d)

[x = g(d), y = a, u = g(d), z = d] (5) z = d

[f(x, a) = f(g(z), y), h(x, z) = h(d, u)]

[x = g(z), y = a, h(x, z) = h(d, u)] (1) f(x, a) = f(g(z), y)

[x = g(z), y = a, h(g(z), z) = h(d, u)] (5) x = g(z)

[x = g(z), y = a, g(z) = d, z = u] (2) g(z) = d 
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Standardization of variables is also necessary
▪  

{ x y z (L(x,y)  L(y,z))  L(x,z)), L(a,b), L(b,c), L(c,d) }  L(a,d)  

 {{L(x,y), L(y,z), L(x,z)}, {L(a,b)}, {L(b,c)}, {L(c,d)}}

 {L(a,d)}

{{L(x,y), L(y,z), L(x,z)}, {L(a,b)}, {L(b,c)}, {L(c,d)}, {L(a,d)}}

{L(x,y), L(y,z), L(x,z)} {L(a,d)}

[x=a, z=d] {L(a,y), L(y,d)}

{L(x,y), L(y,z), L(x,z)} {L(a,y), L(y,d)}

[x=a, z=y] {L(a,y), L(y,y), L(y,d)}

L(y,y)   {}
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Standardization of variables is also necessary
▪  

 {{L(x,y), L(y,z), L(x,z)}, {L(a,b)}, {L(b,c)}, {L(c,d)}}

 {L(a,d)}

{{L(x,y), L(y,z), L(x,z)}, {L(a,b)}, {L(b,c)}, {L(c,d)}, {L(a,d)}}

{L(x1,y1), L(y1,z1), L(x1,z1)} {L(a,d)}

[x1=a, z1=d] {L(a, y1), L(y1,d)}

{L(x2,y2), L(y2,z2), L(x2,z2)} {L(a,y3), L(y3,d)}

[x2=a, z2=y3] {L(a, y2), L(y2, y3), L(y3,d)}

{L(a, y4), L(y4, y5), L(y5,d)} {L(a,b)}

[y4=b] {L(b, y5), L(y5,d)}

{L(b, y5), L(y5,d)} {L(b,c)}

[y5=c] {L(c,d)}

{L(c,d)} {L(c,d)}

{} 
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Resolution with unification for LFO

   LFO

  {},

sko(  {})

sko(  {})

{1, 2, … , n, }, {, 1, 2, … , m}

MGU   


{1, 2, … , n, }[], {, 1, 2, … , m}[]   {1, 2, … , n, 1, 2, … , m}[]
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The method might diverge…
{ x (Q(f(x))  P(x))}    x (P(f(x)) Q(f(x)))  

{ x (Q(f(x))  P(x)) }  {x (P(f(x)) Q(f(x))) }

{ x (Q(f(x))  P(x)) }  { x (P(f(x)) Q(f(x))) }

{ Q(f(x))  P(x) }  {(P(f(x)) Q(f(x))) }

{Q(f(x))  P(x) }  { P(f(x))  Q(f(x)) }

{{Q(f(x)), P(x)}, {P(f(x)), Q(f(x))}}

{Q(f(x1)), P(x1)}, {P(f(x2)), Q(f(x2))}, [x1/f(x2)]  {Q(f(f(x2))), Q(f(x2))}

{Q(f(x3)), P(x3)}, {Q(f(f(x4))), Q(f(x4))}, [x3/x4]  {Q(f(f(x4))), P(x4)}

{Q(f(f(x5))), P(x5)}, {P(f(x6)), Q(f(x6))}, [x5/f(x6)]  {Q(f(f(f(x6)))), Q(f(x6))}

{Q(f(x7)), P(x7)}, , {Q(f(f(f(x8)))), Q(f(x8))}, [x7/x8]  {Q(f(f(f(x8)))), P(x8)}
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The method might diverge…

{Q(f(x)), P(x)} {P(f(y)), Q(f(y))}

{Q(f(f(y))), Q(f(y))}

[x/f(y)]

{Q(f(f(y))), P(y)}

[x/y]

{Q(f(f(f(y)))), Q(f(y))}

[y/f(y)]

{Q(f(f(f(y)))), P(y)}

[x/y]

.

.

.

(Standardization of variables not shown, for simplicity)
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Properties of resolution with unification 

▪ LFO

sko(  {})  

▪ LFO 

  sko(  {})

 

 

▪


	Slide 1
	Slide 2: Propositional Resolution
	Slide 3: Clausal Form in LFO
	Slide 4: Clausal Form in LFO
	Slide 5: Unificare necesse est, for resolution
	Slide 6: Unification
	Slide 7: Constructing the MGU
	Slide 8: Constructing the MGU: examples
	Slide 9: Standardization of variables is also necessary
	Slide 10: Standardization of variables is also necessary
	Slide 11: Resolution with unification for LFO
	Slide 12: The method might diverge…
	Slide 13: The method might diverge…
	Slide 14: Properties of resolution with unification 

