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¬)�� ∨ 0
∨ ��32
∨ ��42
∨ 0
∨ �1*
� ��

¬�& � )�2 ∨ 0
∨ �&32
∨ �&42 ∨���
∨ ��*
¬)�� ∨ 0
∨ ��32
∨ ��42
∨ 0
∨ �1*
� )�2 ∨ 0
∨ �&32
∨ �&42 ∨���
∨ ��*¬)�� ∨ 0
∨ ��32
∨ ��42
∨ 0
∨ �1*
� )�2 ∨ 0
∨ �&32
∨ �&42 ∨���
∨ ��*
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-2,2 ⇔ )�2,7 ∨ �7,2*$
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Resolution strategies (heuristics for clause selection)

1. Unit clause preference: P, ¬P ∨ [.....] ==> [.....] shorter!

2. 'Set of Support'
resolution (a clause from a 'Set of Support‘ and an external clause), rezolvent
into 'Set of Support'-ba,
complete, if clauses not in 'Set of Support‘ are satisfiable
in practice: 'Set of Support' = the negated question (the rest is assumed to be true)

3. Input resolution
The resolvent in step i. is one of the clause in step i+1 (it starts with the
question)

10/14/2013A.I. 8

question). Complete in Horn KBs.

4. Linear resolution
P and Q can be resolved, if P is in the KB or P is the ancestor of Q in the proof
tree. Complete.

5. Pruning
Eliminate all rules more specific than in the knowledge base.
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∀x P(x) → ∃ x P(x) ?

Valid?
negation:

¬ (∀ x P(x) → ∃ x P(x))
In CNF:

¬ (¬∀ x P(x) ∨ ∃ x P(x))
¬ (∃ x ¬ P(x) ∨ ∃ x P(x))

/�5	�
��������Q����	����/�5	�
��������Q����	����/�5	�
��������Q����	����/�5	�
��������Q����	����/�5	�
��������Q����	����/�5	�
��������Q����	����/�5	�
��������Q����	����/�5	�
��������Q����	������
(E�
R���
(E�
R���
(E�
R���
(E�
R���
(E�
R���
(E�
R���
(E�
R���
(E�
R�
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¬ (∃ x ¬ P(x) ∨ ∃ x P(x))
∀ x P(x) ∧ ∀ y ¬P(y)

P(x) ∧ ¬P(y)
a1. P(x)
a2. ¬P(y)

Null�valid!



BARBARA:
∀∀∀∀x. B(x) →→→→ A(x)
∀∀∀∀x. C(x) →→→→ B(x)
∀∀∀∀x. C(x) →→→→ A(x)

1. ∀∀∀∀x. B(x) →→→→ A(x)
2. ∀∀∀∀x. C(x) →→→→ B(x)
Q. ∀∀∀∀x. C(x) →→→→ A(x)
¬¬¬¬Q. ¬¬¬¬ (∀∀∀∀x. C(x) →→→→ A(x))

1. ¬¬¬¬B(x1) ∨∨∨∨ A(x1)

1. ¬¬¬¬B(x1) ∨∨∨∨ A(x1)
2. ¬¬¬¬C(x2) ∨∨∨∨ B(x2)
3a. C(S1)
3b. ¬¬¬¬A(S1)

4. 1+3b. x1/S1 ¬¬¬¬B(S1)
5. 4+2    x2/S1 ¬¬¬¬C(S1)
6. 5.+3a.   null
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1. ¬¬¬¬B(x1) ∨∨∨∨ A(x1)
2. ¬¬¬¬C(x2) ∨∨∨∨ B(x2)
3. ¬¬¬¬ (∀∀∀∀x. ¬¬¬¬C(x) ∨∨∨∨ A(x))

∃∃∃∃x. ¬¬¬¬(¬¬¬¬C(x) ∨∨∨∨ A(x))
∃∃∃∃x. C(x) ∧∧∧∧ ¬¬¬¬A(x)

C(S1) ∧∧∧∧ ¬¬¬¬A(S1)
C(S1) , ¬¬¬¬A(S1)

3a. C(S1)
3b. ¬¬¬¬A(S1)



1.     ∀∀∀∀x. C(x) →→→→ A(x)
2.     ∀∀∀∀x. C(x) →→→→ B(x)
Q.    ∃∃∃∃x. B(x) ∧∧∧∧ A(x)
¬¬¬¬Q. ¬¬¬¬ (∃∃∃∃x. B(x) ∧∧∧∧ A(x))

1. ¬¬¬¬C(x1) ∨∨∨∨ A(x1)

1. ¬¬¬¬C(x1) ∨∨∨∨ A(x1)
2. ¬¬¬¬C(x2) ∨∨∨∨ B(x2)
3. ¬¬¬¬B(x3) ∨∨∨∨ ¬¬¬¬A(x3)

4. 1+3 x1/x3    ¬¬¬¬B(x1) ∨∨∨∨ ¬¬¬¬C(x1)
5. 4+2 x2/x1    ¬¬¬¬C(x1)
Null???

DARAPTI:   ??
∀∀∀∀x. C(x) →→→→ A(x)
∀∀∀∀x. C(x) →→→→ B(x)
∃∃∃∃x. B(x) ∧∧∧∧ A(x)
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1. ¬¬¬¬C(x1) ∨∨∨∨ A(x1)
2. ¬¬¬¬C(x2) ∨∨∨∨ B(x2)
3. ¬¬¬¬ (∃∃∃∃x. B(x) ∧∧∧∧ A(x))

∀∀∀∀x. ¬¬¬¬(B(x) ∧∧∧∧ A(x))
∀∀∀∀x. ¬¬¬¬B(x) ∨∨∨∨ ¬¬¬¬ A(x)

3. ¬¬¬¬B(x3) ∨∨∨∨ ¬¬¬¬A(x3)



1.     ∀∀∀∀x. C(x) →→→→ A(x)
2. ∀∀∀∀x. C(x) →→→→ B(x)
3. ∃∃∃∃x. C(x)
Q.    ∃∃∃∃x. B(x) ∧∧∧∧ A(x)
¬¬¬¬Q. ¬¬¬¬ (∃∃∃∃x. B(x) ∧∧∧∧ A(x))

1. ¬¬¬¬C(x1) ∨∨∨∨ A(x1)
2. ¬¬¬¬C(x2) ∨∨∨∨ B(x2)
3. C(S1)
4. ¬¬¬¬B(x3) ∨∨∨∨ ¬¬¬¬A(x3)

4. 1+3  x1/x3    ¬¬¬¬B(x1) ∨∨∨∨ ¬¬¬¬C(x1)
5. 4+2  x2/x1    ¬¬¬¬C(x1)
6. 5+3  x1/S1    null

DARAPTI: ??????
∀∀∀∀x. C(x) →→→→ A(x)
∀∀∀∀x. C(x) →→→→ B(x)

( ∃x. C(x) hidden assumption about 
existence)

∃∃∃∃x. B(x) ∧∧∧∧ A(x)

Példa
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1. ¬¬¬¬C(x1) ∨∨∨∨ A(x1)
2. ¬¬¬¬C(x2) ∨∨∨∨ B(x2)
3.    C(S1)
4. ¬¬¬¬ (∃∃∃∃x. B(x) ∧∧∧∧ A(x))

∀∀∀∀x. ¬¬¬¬(B(x) ∧∧∧∧ A(x))
∀∀∀∀x. ¬¬¬¬B(x) ∨∨∨∨ ¬¬¬¬ A(x)

4. ¬¬¬¬B(x3) ∨∨∨∨ ¬¬¬¬A(x3)
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Modus Ponens (backward):

¬ Loyalto (Marcus, Caesar) 
==(from 7, it follows)==> 
Pompeian (Marcus) ∧ Ruler (Caesar) ∧ Tryassassinate (Marcus, Caesar)

==(4)==> Pompeian (Marcus) ∧ Tryassassinate (Marcus, Caesar) 

==(8)==> Pompeian (Marcus)
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==(8)==> Pompeian (Marcus)

==(9)==> Man (Marcus) 

==(1)==> TRUE



9. Romans, who know Marcus, either hate Caesar or believe that if somebody 
hates someone then he is fool. 

∀x [Roman (x)  ∧ Know (x, M)] →
[Hate (x, C) ∨ (∀y (∃ z Hate (y, z)) → ThinkToBeFool(x, y))]
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Not a Horn-clause! ���� Modus Ponens is not complete!



∀x( [Roman (x)  ∧ Know (x, Marcus)] →
[Hate (x, Caesar) ∨ (∀y [(∃ z Hate (y, z)) → ThinkToBeFool(x, y) ]  )])

∀x ¬ [Roman (x) ∧ Know (x, Marcus)] ∨
[Hate (x, Caesar) ∨ (∀y ¬ (∃ z Hate (y, z)) ∨ ThinkToBeFool (x, y))]

∀x [¬Roman (x) ∨ ¬ Know (x, Marcus)] ∨
[Hate (x, Caesar) ∨ (∀y∀z ¬ Hate (y, z) ∨ ThinkToBeFool (x, y))]
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[Hate (x, Caesar) ∨ (∀y∀z ¬ Hate (y, z) ∨ ThinkToBeFool (x, y))]

∀x ∀y ∀z [¬Roman (x) ∨ ¬ Know (x, Marcus)] ∨
[Hate (x, Caesar) ∨ [¬ Hate (y, z) ∨ ThinkToBeFool (x, y))]

[¬Roman (x) ∨ ¬ Know (x, Marcus)] ∨ [Hate (x, Caesar)
∨ [¬ Hate (y, z) ∨ ThinkToBeFool (x, y))]

¬ Roman (x) ∨ ¬ Know (x, Marcus) ∨ Hate (x, Caesar) ∨
¬ Hate (y, z) ∨ ThinkToBeFool (x, y))
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¬¬¬¬ Roman (x2) ∨∨∨∨ LoyalTo (x2, C) ∨∨∨∨ Hate (x2, C)

¬¬¬¬ Pompeian(x1) ∨∨∨∨ Roman (x1)

¬¬¬¬ Hate (M, C)

M /x2

¬¬¬¬Roman (M) ∨∨∨∨ LoyalTo (M, C)

M /x1

¬¬¬¬ Pompeian (M) ∨∨∨∨ LoyalTo (M, C)

LoyalTo (M, C)¬ Man (x4) ∨∨∨∨ ¬¬¬¬ Ruler (y1) ∨∨∨∨
¬ Tryassassinate (x4, y1) ∨∨∨∨ ¬¬¬¬ LoyalTo (x4, y1)

Pompeian (M)
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¬¬¬¬ Man (M) ∨∨∨∨ ¬¬¬¬ Ruler (C) ∨∨∨∨ ¬¬¬¬ Tryassassinate (M, 
C)

M /x4, C /y1

nil

¬ Tryassassinate (x4, y1) ∨∨∨∨ ¬¬¬¬ LoyalTo (x4, y1)

Man (M)

Ruler (C)

Tryassassinate (M, C)

¬¬¬¬ Ruler (C) ∨∨∨∨ ¬¬¬¬ Tryassassinate (M, C)

¬¬¬¬ Tryassassinate (M, C)
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¬ Roman (x2) ∨∨∨∨ LoyalTo (x2, C) ∨∨∨∨ Hate (x2, C)

¬ Pompeian(x1) ∨∨∨∨ Roman (x1)

¬ Hate (x13, C)

x13 /x2

¬Roman (x13) ∨∨∨∨ LoyalTo (x13, C)

x13 /x1

¬ Pompeian (x13) ∨∨∨∨ LoyalTo (x13, C)

LoyalTo (M, C)¬ Man (x4) ∨∨∨∨ ¬ Ruler (y1) ∨∨∨∨
¬ Tryassassinate (x4, y1) ∨∨∨∨ ¬ LoyalTo (x4, y1)

Pompeian (M)

x13 /M
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¬ Man (M) ∨∨∨∨ ¬ Ruler (C) ∨∨∨∨ ¬ Tryassassinate (M, 
C)

M /x4, C /y1

nil

¬ Tryassassinate (x4, y1) ∨∨∨∨ ¬ LoyalTo (x4, y1)

Man (M)

Ruler (C)

Tryassassinate (M, C)

¬ Ruler (C) ∨∨∨∨ ¬ Tryassassinate (M, C)

¬ Tryassassinate (M, C)

TRUE: Hate(M, C)
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http://www.greylabyrinth.com/puzzle/puzzle102


