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ƯŽŹŶ��̶ έά �ϛ෼ਪ΋ ඵෂ�� ��
èì 

ϔ �భ�Λ߮Ζ ΋੩ࣚਵ අൻণ�Ϧ ජ૚঺ ໑�ϛϩ΋� �
ƵŹřżĭ�ƢƐƴƯ�ũŚŤƴŤſř�ƲǀƳřƺƣ�ŶƴŤƀƷ�Ʃƹř�ƶŞţźƯ�ƢƐƴƯ�Źŵ�ƵŵŚƠŤſř�ƪŝŚƣ�ƽř���

 

ƩŚŨƯ���
 X(man(X)  mortal(X)) 
man(socrates) ,  
man(socrates)  mortal(socrates),  
 

mortal(socrates) 

�žƴƳƺě�ŽƹŵŚƯ��
 if p is true  
and  
p  q is true,  
than infers q to be true 

��

ŚƷŹƺſ�ƲŤƃřŵ�ƪǀƫŵ�ƶŝ�Ʃƹř�ƶŞţźƯ�ƢƐƴƯ�ŹŵƵŵŚƠŤſř�ƮƷ�źƿŻ�ƲǀƳřƺƣ�Żř���ƾƯ�ŵƺƃ���
o ƾƯƺưƗ�Źƺſ�ƝŸů(Universal Elimination)  

 

(x) P(x) |� P(c). 
o If (x) P(x) is true, then P(c) is true for any constant c in the domain of x, i.e., (x) P(x) |= P(c). 

Replace all occurrences of x in the scope of x by the same ground term (a constant or a ground function). 
ƩŚŨƯ��

(x) eats(Ziggy, x) |� eats(Ziggy, IceCream) 
 

o ƽŵƺūƹ�Źƺſ�ƾƟźƘƯ(Existential Introduction) ��
 

P(c) |� (x) P(x) 
o If P(c) is true, so is (x) P(x), i.e., P(c) |= (x) P(x) 

Replace all instances of the given constant symbol by the same new variable symbol.  
ƩŚŨƯ��

eats(Ziggy, IceCream) |� (x) eats(Ziggy, x) 
 

o ƽŵƺūƹ�Źƺſ�ƝŸů�(Existential Elimination)��
 

From (x) P(x) infer P(c), i.e., (x) P(x) |= P(c), where c is a new constant symbol,  
All we know is there must be some constant that makes this true, so we can introduce a brand new one to stand in for that 
constant, even though we don�t know exactly what that constant refer to. 

ƩŚŨƯ��
(x) eats(Ziggy, x) |= eats(Ziggy, Stuff)  

��
�Źŵ[Russel, 2003]�ƕƺƳ�ƶſ�ƴŤſřŤƾƬƇř�ũŚƱřƺƴƗ��Ʃƹř�ƶŞţźƯ�ƢƐƴƯ�ƽřźŝ��ƵŶƃ�Ţſř���

o ƹźƄǀě�ƵźǀŬƳŻ��
o ƹźƀě�ƵźǀŬƳŻ��
o ƫƹŻŹƺƲƃ 

ƹźƄǀě�ƵźǀŬƳŻ�ƮŤƀǀſ�Źŵ�ƶƧ�Ţſř�ƾƿƹźƀěƹ�ƹźƄǀě�ũŚŤƴŤſř�ƶŝŚƄƯ��ƹźƀě�ƹ�ƵŶƗŚƣ�źŝ�ƾƴŤŞƯ�ƽŚƷ�ƱƺƳŚƣ�ŮǀƋƺţ���Ƶŵřŵ�Ŷƃ��ƫƹŻŹƺ�ƮƷ�Ʃƹř�ƶŞţźƯ�ƢƐƴƯ�Źŵ�Ʋƃ
ƯƫƹŻŹ�ƶŝŚƄƺƵŹřżĭ�ƢƐƴƯ�Źŵ�Ʋƃ�ƹ�Ţſř�ƽř��ƶŝ�šǈưū�ŶƿŚŝCNFƪƿŶŞţ���ŶƳƺƃ���
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ƯŽŹŶ��̶ έά �ϛ෼ਪ΋ ඵෂ�� ��
èí 

Ƃſźě��CNF��Ţƀǀģ��
��

�ƶŝ�ƪƿŶŞţ�ƪůřźƯCNF��
æ���ƪƿŶŞţ�ƹŚƷ�ƶŝ�ƹŚƷ��
ç��ƩŚƤŤƳřƪųřŵ�ƝźƏ�ƶŝ���
è��ŚƷźǀƜŤƯ�ƽŻŚſŵŹřŶƳŚŤſř� �

é��ƶƿƹŹ�Skolemizationƽŵƺūƹ�ƽŚƷŹƺſ�ƝŸů�Śƿ���
ê��ƾƯƺưƗ�ƽŚƷŹƺſ�ƝŸů��
ë��ƖƿŻƺţ�ƽƹŹ� �

 

ƫƹŻŹƺƲƃ(Resolution) ��
o ƶŝ�ƪƿŶŞţ�CNF��
o ƱŚƀƨƿ�ƽŻŚſ��
o ƊƣŚƴţ�ŵŹ�ƢƿźƏ�Żř�šŚŞŧř(proof by contradiction)��

��

ŨƯƩŚ���ƶƬưū�ŚƿōG��ƁƹŹ�Śŝ�Ź�Ţſř�šŚŞŧř�Śƿ�ũŚŤƴŤſř�ƪŝŚƣ�ƲƃƺƫƹŻ��
)()()()()( GDGCDBCABA ��

��
ƾſŹźŝƾĭĦƿƹ���ƽŚƷƩƹř�ƶŞţźƯ�ƢƐƴƯ�ƮƸƯ��

��

ƢƐƴƯ�ũŚŤƴŤſř�ŶƗřƺƣ�ƶƗƺưŬƯ��ŚƴƘƯ��źƯřźĭ�ƪƯŚƃ����ƩƺƇřŢſř����
��

æ��Ʊŵƺŝ�ƖƯŚū(Soundness)��ŶƃŚŝ�ŢſŹŵ�ƶƄǀưƷ�Śƿ�źŞŤƘƯ�ƾƤƐƴƯ�šŹƺƇ�ƶŝ�Ʊō�Źŵ�ƽŹƺŘţ�źƷ� 

ç��ƪƯŚƧ���Ʊŵƺŝ(Completeness)�����ŢſŹŵ�ƶƄǀưƷ�ƶƬưū�źƷ�źŞŤƘƯ���������������������šŚºŞŧř�ŶºƳřƺŤŝ��ƩƺºƇř�ƽƹŹ�źºŝ�ũŚŤƴŤºſř�ƲǀƳřƺƣ�ƩŚưƗř�Żř�ƵŵŚƠŤſř�Śŝ�ƾƴƘƿ�ŶƃŚŝ�ƽŹƺŘţ��
ŵƺƃ��Ʃƹř�ƶŞţźƯ�ƢƐƴƯ�ƵŹřżĭ�ƢƿźƏ�Żř�ƭřżƬŤſř�ƶƬưū�źƷ�ƹ�Ţſř�ƪƯŚƧ�ƽŻŚſ�ƾƯ��ƵŶƃ�ŵƺƃ�šŚŞŧř�ŶƳřƺţ���řźģ��
è��Ʈǀưƈţ�ƽźƿŸě(Decidability)��ƵŹřżĭ�ƢƐƴƯ�Ţſř�źƿŸě�Ʈǀưƈţ�ƽřƮǀưƈţ�ƶưǀƳ��Ʃƹř�ƶŞţźƯ�ƢƐƴƯ�ƾƫƹ��źƿŸě(semidecidable)Ţſř����řźģ��

��

o Algorithms exist that say �yes� to every entailed sentence 
o No algorithm exists that says �no� to every nonentailed sentence 

 

é��ƾŤųřƺƴƨƿ(Montonicty)���źĭř|KB�ƵŚĮƳō�  |KBźĮƿŵ�šŹŚŞƗ�ƶŝ�ŶƃŚŝ�  || KBKB���
��

Ƃſźě��ƾĭĦƿƹ�Żř�Ʀƿ�ƭřŶƧ��Ʃƹř�ƶŞţźƯ�ƢƐƴƯ��ŢſřŹřŵ�řŹ�ǇŚŝ�ƽŚƷ��
��

Ʋƿźưţ�ŚƷ��
�Ʋƿźưţî�æ����Śƿō�ŹƺƏ�ƶģ�ƪƯŚƧ��Ţſř�ƖƯŚū�žƴƳƺě�ŽƹŵŚƯ�ũŚŤƴŤſř��
�Ʋƿźưţî�ç���řźģ�ŶǀƴƧ�ƢǀƤŰţ�ƴƯ�źƷŢſřźƿŸě�Ʈǀưƈţ��ƪƯŚƧ�Ʃƹř�ƶŞţźƯ�ƢƐ����
�Ʋƿźưţî�è�ƾƬƯŚƗ�Źŵ�źĭř��1,11,22,11,1 ))(( BPPBKB ��ŶƃŚŝ��ŚƿōƾƯ��ƶƬưū�ƲƃƺƫƹŻŹ�ƮŤƿŹƺĮƫř�Śŝ�ŶƳřƺţ2,1P��řŹŢŝŚŧ�ŶƴƧ���

��

��
ƷŚĭİŝ�šƺĪſ�ǀƂƫǇŶŤſř�źƷ�Żř�İƯ�Ĩưĩ�ŚƯ�ƶŝ�ƾ�Ŷƴĩ����ĪƀŤƴƯƺǀ���


