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Ʃƹř�ƶŞţźƯ�ƢƐƴƯ��ƶƫƺưŰƯ�Śƿ�ŚƷŶƴƀƯ�ƢƐƴƯ�ƽřƵŶǀƯŚƳ�ƮƷ��ƾƯ�ŵƺƃ�ƾĭĦƿƹ�źŝ�ƵƹǈƗ��ƵŹřżĭ�ƢƐƴƯ�ƽŚƷ��ƽřŹřŵ��ƽř�ƭƺƸƠƯƵĦƿƹ��ƭŚƳ�ƶŝ�ƽřŢǀƨƿŵźě(Predicate)�Śƿ�

Ţſř�ŶƴƀƯ����
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Ƃſźě��ƨƿŵźě�ƱŚưƷ�Śƿ�ŶƴƀƯǀ�ŢŹŵ�ƢƐƴƯ��Ʃƹř�ƶŞţźƯ�Ţƀǀģ�ģ�ƭƺƸƠƯ�Ʋƿř�ƾƯ�Ʃƹř�ƶŞţźƯ�ƢƐƴƯ�ƶŝ�ƵĦƿƹ�ŢǀƬŝŚƣ�ƶ��ŶƷŵ��
��

ƩŚŨƯ���
o bird( sparrow ) 
o partof( engine , car ) 
o hates( ali , reza ) 

ŚƷŹƺſƩƹř�ƶŞţźƯ�ƢƐƴƯ�Źŵ���
��
æ��ƾƯƺưƗ�Źƺſ��

 X: means for all X� (Universal quantification) 
Universal quantification   <variables> <formula> 
 

Everyone at Stanford is smart        
X  At(X, stanford)  Smart(X) 
 

 X King(X)  Person(X).      
 Means that all kings are persons 
 

 
 

Ï��ƽŵƺūƹ�Źƺſ��
 X: means for some X. There exists at least one X such that��(Existential quantification) 
Existential quantification   <variables> <sentence> 

��
Someone at Stanford is smart    
 X At(X,Stanford)  Smart(X) 
 

 X Crown(x)  OnHead(X,John)   
Means that something is both a crown and is on the head of John  
 

��
��

ƶŤƨƳ�ƩŚŨƯ��ƾƴưƋ�ŹƺƏ�ƶŝ��ƽŵƺūƹ�ƹ�ƾƯƺưƗ�ƽŚƷŹƺſ�ƽřźŝ�ǇŚŝ�ƽŚƷŵŹřŵ�ƵŹŚƃř�ƮƸƯ�ƶŤƨƳ�ƹŵ�ƶŝ����
Ʃƹř�ƶŤƨƳ 

Typically,  is the main connective with  
Common mistake: using  as the main connective with  
x At(x,Stanford)  Smart(x)  means �Everyone is at Stanford and everyone is smart� 
 
 

ƭƹŵ�ƶŤƨƳ 
Typically,  is the main connective with  
Common mistake: using  as the main connective with : 
x At(x,Stanford)  Smart(x) is true if there is anyone who is not at Stanford! 
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�Ʃƹř�ƶŞţźƯ�ƢƐƴƯ�źƯřźĭ��
��
��

Ƃſźě���
��ƞƫř���ŢƷŚŞƃ�ƶģ����šƹŚƠţ�ƹ�ŚƷ�������ƵŹřżºĭ�ƢºƐƴƯ�źºƯřźĭ�Ʋǀŝ�ƾƿŚƷ��ƹ�ƽř

ƶŞţźƯ�ƢƐƴƯ�źƯřźĭ�ŵŹřŵ�ŵƺūƹ�Ʃƹř���
��
��
��
ś�ŵŹřŵ�ƾţƹŚƠţ�ƹ�ŢƷŚŞƃ�ƶģ�ƖŝŚţ�Śŝ�Ţǀƨƿŵźě�Śƿ�ŶƴƀƯ�ƭƺƸƠƯ����

��
��

Ƃſźě���
�ƶƬưū��Śƿō X Likes(X, iceCream) Śŝ�ƶƬưū X Likes(X,iceCream)����Ţſř�ŻŹř�ƮƷ��
ƶƬưū��Śƿōx Likes(X, iceCream) �Śŝ ƶƬưū x Likes(X, iceCrem)����Ţſř�ŻŹř�ƮƷ��

 

��
ŹƺƯ�Źŵ�ƾţŚƨƳƾƯƺưƗ�Źƺſ�ƹ�ƽŵƺūƹ�Źƺſ�ŵ��
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Ƃſźě����řŹ�źƿŻ�ƎŝřƹŹ�ƽŻŹř�ƮƷŶǀƷŵ�ƱŚƄƳ���
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QQPFalse  )(��
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FalsePQP  )(� �
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�ƺţŹŵ�ƺţ�ƽŚƷŹƺſ 
�  x  y Loves(x,y)  

�  x ( y Loves(x,y))  �everybody loves somebody� 
�   y  x Loves(x,y) 

�   y ( x Loves(x,y))  �there is someone who is loved by everyone� 
�   x  y Loves(x,y) 

�   x ( y Loves (x,y))  �there is someone who loves everyone� 
�  y  x Loves(x,y) 

�   y ( x Loves (x,y))  �everyone is loved by someone 
 

ƾĭĦƿƹ��ŚƷŹƺſ�Żř�źĮƿŵ�ƽŚƷ 
� x y is the same as y x (typically just write  x,y �)x y Loves(x,y) 

�   x ( y Loves (x,y))   �everyone loves everyone� 
� x y is the same as y x (typically just write  x,y �)x y Loves(x,y) 

�  x (y Loves (x,y))     �someone loves someone� 
��

Ʃƹř�ƶŞţźƯ�ƢƐƴƯ�ƽŚƴƘƯ��
����ƎŝřŹ��ŚƷŹƺſ�ƱƺƴƧ�Śţ������ƶƠƫƺƯ�ƹ�źƇŚƴƗ�ƶƧ�ŚƸƯźţ��ŚƸưţř��ƾƤƐƴƯ�ƽŚƷ�ŮǀƋƺţ��ŶƴŤƀƷ�Ʃƹř�ƶŞţźƯ�ƢƐƴƯ�ƽźƯřźĭ�ƽŚƷ�Ƶŵřŵ�Ŷƃ�������řŹ�ƱŚºŝŻ��ŚºƷŵŚưƳ�Ʋºƿř�ƶºƨƴƿř�ƽřźŝ�ŚƯř

ƱƺƯřźǀě�ƽŚǀƳŵ�ƂƳřŵ�ƾƿŚưƳŻŚŝ�Śţ�ŶƳŹřŵ�ƾƿŚƴƘƯ�źǀƀƠţ�ƶŝ�ŻŚǀƳ��ŶƴƷŵ�ƪǀƨƄţŵźǀĮŝ�ƪƨƃ��ƪƯŚƗ����
ƩŚŨƯ���

o address(ottawa, main, 10) corresponds to a valid Ottawa address, 
o onMarket(house(address(ottawa, main, 10), bedrooms(4)), price(225000)) denotes a true or false statement about 

a specific house. 
��

ƢƐƴƯ�Źŵ�ƩŶƯ�ƭƺƸƠƯ���
ƉźƟ�ŶǀƴƧ���ƶƧ�S��ưŬƯ��ƶƗƺ���ƩƺƯźƟ�Żř�ƽř���šŹŚŞƗ�ƹ�ŚƷ����Ţºſř�ƾƤƐƴƯ�ƽŚƷ������Źŵ�ŚºƸưţřS���������ŶºƳŹřŵ�ŢºſŹŵŚƳ�Śºƿ�ŢºſŹŵ�ƁŻŹř���������Żř�ƩŶºƯ�ƦºƿS����ƶºƗƺưŬƯ�źºƿŻ�����Żř�ƽř

ŶƴŤƀƷ�ŢſŹŵ�ƶƧ�ŢſŚƸưţř���
��

ƩŚŨƯ���
S1  S2 is true if both S1 and S2 are in the model.     (This is a hugely simplified approach to models in logic. ) 

��

�ƞƿźƘţŚţţƽĥƺƫƺƩŶƯ�ƭƺƸƠƯ�Żř�ƵŵŚƠŤſř�Śŝ���
A tautology is something that is true in every model. A classic example is this formula true for any H, P: 
onMarket(H, P)   onMarket(H, P) 
Two formulae are model-equivalent if, in every model, they are either both true or both false. 

��
ƭřżƬŤſř�ƞƿźƘţŻŚŝ�ƩŶƯ�ƭƺƸƠƯ�Żř�ƵŵŚƠŤſř�Śŝ� 

� Entailment: KB  |=    whenever every model of KB is also a model of . 
� So  KB   |=     iff  KB{a} has no model 

 
Formula Ö entails formula Ø if Ø is true in every model in which Ö is true. This is written as:  Ö   |=   Ø 
 

Ƃſźě��ƾŤſŹŵ�ƐŝřŹƶŶǀƷŵ�ƱŚƄƳ�řŹ�źƿŻ���ƾƿŚưƴƷřŹ��ŶǀƴƧ�ƵŵŚƠŤſř��ƭřżƬŤſř�ƞƿźƘţ�Żř���
 (onMarket(H, P)   sold(H))  sold(H)  |=   onMarket(H, P) 
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Ʃƹř�ƶŞţźƯ�ƢƐƴƯīƺƫƹźě�ƹ���
Prolog (PROgramming in LOGic)  

��

īƺƫƹźě�����šŹŚŞƗ�ƞƠŴƯ~ŚƳźŝƶƯ��ƺƳƿ�İƤƐƴƯ�İƀ�n��įƺƀƳřźƟ�ƱŚŝŻ�ƶŝ��ƿ��Ĩ�ƶƯŚƳźŝ�ƱŚŝŻ��ƺƳƿİƀ����ƶƯŚƳźŝ�įřźŝ�ƶĩ�Ţſř��ƺƳƿ��İºƯ�ŹŚºĩ�ƶŝ�İƤƐƴƯ�İƀ�ŵƹŹ��ř�Źŵ�ºƿ���ƱŚºŝŻ�Ʋ
��ƱŚŝŻ�źŨĩř�Ɲǈųźŝ���ŵ�įŚƷƿ�ƶƯŚƳźŝ�źĮ��ƺƳƿ���ƪưƘƫřŹƺŤſŵ�įŚū�ƶŝ��İƀ�įźƯř�įŚƷ�ƶŤƀƳřŵ�Żř��İƯ�ƵŵŚƠŤſř�ƶƬŘƀƯ�ƪů�įřźŝ�İƤƐƴƯ�ŶƗřƺƣ�ƹ�ŚƷ�ŵƺƃ��ľŚƯƺưƗ�īƺƫƹźě�ƱŚŝŻ�

ů�ŹŵƶƐǀ�İƗƺƴƈƯ�ƁƺƷ��ŝƵĦƿƹ�ƶ�įřźŝ�ƱŚŝŻ�ƁŻřŵźě�ŞƏ�įŚƷƘǀİ��İƯ�Źřźƣ�ƵŵŚƠŤſř�ŵŹƺƯ�ĭǀŵź���
��

�ƩŚſ�Źŵ�īƺƫƹźěæîìç�Ǝſƺţ�ƹ�ƾſŹŚƯ�ƵŚĮƄƳřŵ�Źŵ�Alain ColmerauerŶƃ�ƕřŶŝř�ƱřŹŚĪưƷ�ƹ����ƽřźºŝ�ƾƠƠŴƯ�īƺƫƹźěø�PROgrammation en LOGiqueù�
��Śƿ~ƶƯŚƳźŝ���ƾƤƐƴƯ�ƾƀƿƺƳ��nƾƯ�ŶƃŚŝ���ǀƫƹř�šřŶƴŤƀƯ���īƺƫƹźě�ƶƴǀƯŻ�Źŵ�ƶ�������ƶƀƳřźƟ�ƱŚŝŻ�ƶŝ�ƾĮưƷ�ŶƳŵƺŝ����������ŚºǀƳŵ�ŹŚƴĩ�ƹ�ƶƃƺĭ�Źŵ�ƾţŶƯ�Żř�žě����ƹ�ŚºěƹŹř�Źŵ�ľŚƇƺƈºŴƯ�

īƺƫƹźě�ƱŚŝŻ�Ʋěřĥ�ŵźĩ�řŶǀě�ƾƳřŹřŶƟźƏ���ŶƴŤųŚſ�řŹ�īƺƫƹźě�ƶĩ�ƾƷƹźĭ�ƱŚŝŻ�ƁŻřŵźě�ƽřźŝ�ƾţŚƤǀƤŰţ�Ƶƹźĭ�Ĩƿ�ľŚſŚſř��ŶƳŵƺŝ�ƶƀƳřźƟ�ƱŚŝŻ�ƽřźŝ�ƾƘǀŞƏ�ƽŚƷ��
�ŮƐſ�ƱŚŝŻ�Ĩƿ�īƺƫƹźěƾƯ�śƺƀŰƯ�ǇŚŝ�ŵƺƃ���ƶƗƺưŬƯ�źƿŻ��īƺƫƹźě�Ţſř�Ʃƹř�ƶŞţźƯ�ƢƐƴƯ�Żř�ƽř���

 

ƶƯŚƳźŝ�ŹŚŤųŚſ�īƺƫƹźě�ƽŚƷ��
ƶƯŚƳźŝ�ƶƿŚě�ƭƺƸƠƯ�ƹŵ�Żř�īƺƫƹźě�ƽŚƷ�ƪǀƨƄţ�źƿŻ�ƽř�ƵŶƃ�ŶƳř���

��
Fact  
          parent(jane, alan).   Can be read as �Jane is the parent of Alan.�  
 
Rules 
  parent(X,Y) :-  mother(X,Y).    �Person X is the parent of person Y if X is Y�s mother.�  
 
 

Ƃſźě���ƮǀƷŚƠƯƶƿŚě��Źŵ�řŹ�ƽř�ƶƯŚƳźŝŶǀƴƧ�źǀƀƠţ�ƹ�ƲǀǀƘţ��ƹźŝƹŹ�īƺƫƹźě���
cat(x) :- furry(x), meows(x), has(x,claws) 
furry(Mooshke). 
has(Mooshke,claws). 
 

:- cat(Mooshke)  
 

��

Ƃſźě��řźģ�ƶƫƺưŰƯ�ƢƐƴƯ�ƾƯ�ƵŶǀƯŚƳ�Ʃƹř�ƶŞţźƯ�ƢƐƴƯ��ƽř��ŵƺƃ��
�First order� means that we can only reason about sets of individuals, that is, only individuals can be quantified. Predicates are fixed. 
In higher-order logics variables are allowed in predicate positions. Two examples: 

��
ƩŚŨƯ���

X Y X(Y)                 �each property has at least one instance� 
X (X(a)  X(b))           �a and b have the same properties� 
 

Ʋƿźưţ�ŚƷ���
�Ʋƿźưţí�æ��ŶǀƷŵ�ƱŚƄƳ�řŹ�źƿŻ�ƎŝřƹŹ�ƽŻŹř�ƮƷ���

FalseXfXXgXfX  )())()((��
�Ʋƿźưţí�ç��ƶƯŚƳźŝ�ŚŝŻ�ƶŝ�ƽřīƺƫƹźě�Ʊ�ƶŗřŹř��ƾƘǀŞƏ�ŵŶƗ�ƹŵ�Ɩưū�ƽřźŝ��ŶǀƴƧ���

��
ģ�ŹƹŚŝǀŢƀƯ�ƶưƄģźſ�ŚŬĩ�Żř���İ�ĭǀŵźģ�ŹƹŚŝ�źƷ��ǀįżƤů�řŹ�ǀİƤŢſř�ƲŤƃŚĮƳř����ŹŵźƟƿƂƳ�ǀƶĤ���


