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��

ƢƐƴƯ�ƕřƺƳř��
 ƵŹřżĭ�ƢƐƴƯ�ƽř(Propositional Logics) 
 Ʃƹř�ƶŞţźƯ�Śƿ�ƽŶƴƀƯ�ƢƐƴƯ Predicate Logics (FOL=First Order Logics) ��
 ƭƹŵ�ƶŞţźƯ�ƢƐƴƯ(SOL = Second Order Logic)��
 ƶŞţźƯ�ƢƐƴƯ�źţǇŚŝ�ƽŚƷ(HOL = Higher Order logics) 

 ��� 
��

ƶŤƨƳ��Ţſř�ƱŚŝŻ�ƕƺƳ�Ʀƿ�ƢƐƴƯ���ƢƐƴƯ��ƂƳřŵ�ƾƿŚưƳŻŚŝ�ƱŚŝŻ�ƱřƺƴƗ�ƶŝ�ŻřƮƸƯ�ƂŴŝ�ƹŵŢſř�ƵŶƃ�ƪǀƨƄţ�����Î��źƯřźĭ��Ï��ŚƴƘƯ��

Ƃſźě���ŵŹřŵ�ƾƯƺƸƠƯ�ƹ�ƞƿźƘţ�ƶģ�ƢƐƴƯ�Źŵ�ŚƴƘƯ�ƹ�źƯřźĭ��
��

ƩŚŨƯ�šŹŚŞƗ�ƱŚŝŻ��ƾƋŚƿŹ�ƽŚƷ(arithmetic expressions) 

The syntax: says that if x and y are expressions denoting numbers, then x >= y is a sentence about numbers. 
The semantics: says that x >= y is false if y is a bigger number than x, else true. 

��

ŚƴƘƯ�ƹ�źƯřźĭ�ƶŝ�ƶūƺţ�Śŝ�ƢƐƴƯ�ƞƿźƘţ��
��

���������������������������������If the syntax and semantics are precisely defined, the language can be called logic. 
��

ƭřżƬŤſř��ƭƺƸƠƯ (Entailment)��
ŶƿŚǀŝ�ƾŤſŹŵ�ƢƿŚƤů�ƹ�ƮǀƷŚƠƯ��ŢſŹŵ�ƢƿŚƤů�Śƿ�ƮǀƷŚƠƯ�ƾě�Źŵ���

(KB |= ��

ƩŚŨƯ��
o The KB containing �x=3, y=7� entails x+2 < y  
o The KB containing �x=3� doesn�t entail x+2 > 7 

 

Ƃſźě���ƭƺƸƠƯřżƬŤſřŚƿ�ƭƱŚưƷ�  Entailment�ƾƯ�ƽŵźŝŹŚƧ�ƶģ�ƶŤƃřŵ�ŶƳřƺţ��ŶƃŚŝ��
��

ƁƹŹ�ũŚŤƴŤſř�ƽŚƷ (Inference Methods)��
���Ƶĥřƹ��ũŚŤƴŤſř�ƹ�ƩǇŶŤſř��������ƶŬǀŤƳ�ŶƴƿřźƟ�ƶŝ�ƵŹŚƃř�ƶƧ�ŶƴŤƀƷ�ƾƿŚƷ����ƶŬǀŤƳ�ƹ�ƽźǀĭ���ŶƳŹřŵ�ƽŻŚſ��ũŚŤƴŤſř��Ţſř�ƭřżƬŤſř�ƭƺƸƠƯ�Śŝ�ƎŞţźƯ��ƪƨƃì�æ������ƭřżƬŤºſř�ƹ�ũŚŤƴŤºſř

ƾƯ�ƵŵŚƠŤſř��ƶƳřŶƴƯŵźų�ŹŚŤƟŹ�ƹ�źƨƠţ�ƾƿŚưƳŻŚŝ�ƽřźŝ�ŶƴƳřƺţ�ŶƳƺƃ���řźģ��
��

Logical inference = the process that implements the entailment relation between sentences. 
�ƶƨƴƿř�ƽřźŝƱŚǀŝźţ�ƲƃƹŹ�ƾƤƐƴƯ�ũŚŤƴŤſř�ƭƺƸƠƯƾſŹźŝ��ƮƸƯ�ƭƺƸƠƯ�Ŷƴģ�ƶƯřŵř�Źŵ��ŵƺƃ��ƾƯ�ŵƺƃ���
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ŹŚŞŤƗř�(Validity)��ƶƬưū�ŶƃŚŝ�ŢſŹŵ�ƵŹřƺưƷ�ƶƧ�Ţſř�źŞŤƘƯ�ƽř���
ƩŚŨƯ��

��There is a stench at [1,1] or there is not a stench at [1,1]�.             
 

Valid sentences = Analytic sentences = Tautologies. 
��
��

ƵŵŹƹōźŝ�ƾƳŶƃ(Satisfiability)��ƶƬưū��ƽř�ƾƳŶƃ�ƵŵŹƹōźŝ�ƶƧ�Ţſř�ƾƷŚĭ�ƾƌƘŝ�Źŵ�Śƿ�šŚƣƹřŹřƺƯ�ŵŶƃŚŝ�ŢſŹŵ����
ƩŚŨƯ��

�There is a wumpus at [1,2]� is satisfiable because there might be a wumpus in that square. 
ƵŵŹƹōźŝ��ƽř�ƶƬưū�źĭř�ƾƳŶƄƳ�ƵŵŹƹōźŝ��ŶƃŚŞƳ�ƾƳŶƃ(Unsatisfiable)ƵŶǀƯŚƳ��ƾƯ�ŵƺƃ���

�I am hot, and I am not hot�. 
 

��

��
ƪƨƃÔ�Î��ũŚŤƴŤſř�ƹ�ƭřżƬŤſř��

� �

��

Ƃſźě������������ƵŶƃ�ƶŤƠĭ�ƮǀƷŚƠƯ�ƹ�ŜƫŚƐƯ�ƶŝ�ƶūƺţ�Śŝƪƨƃì�æ����źǀƀºƠţ�řŹ�
�ŶǀƴƧ��

 

ƶººŤƨƳ�����ƭřżƬŤººſř(Entailment)�Źŵ�ƾƳŻƺººſ�ƪººŨƯ�ŹŚŞƳř��ƹ�Ţººſř�ƵŚººƧ
ũŚŤƴŤſř(Inference)�Źŵ�ƱŻƺſ�ƲŤƟŚƿ�ƪŨƯ�ŹŚŞƳřŢſř�ƵŚƧ���

 

ƶŤƨƳ���ƽřźŝ�ƮƸƯ�ƾĭĦƿƹ�ƹŵ�ũŚŤƴŤſř�ƹ�ƭřżƬŤſř�ƭƺƸƠƯ�ƹŵ�Żř�ƵŵŚƠŤſř�Śŝ
ũŚŤƴŤſř�ƲǀƳřƺƣ�ƹ�ƢƐƴƯ�ƞƿźƘţ��ƾƯ�ŵƺƃ���

� �

ŵƺƃ�ƱŚǀŝ�źƿŻ�šŹƺƇ�ƶŝ�ŶƳřƺţ�ƾƯ�ũŚŤƴŤſř�ƶƿƹŹ���
KB  |-i    i.e. � is derived from KB by �i� �,   or   � �i� derives  from KB�. 
Sometimes the �i� is implicit and omitted, The notation Ö |- Ø means: �we can infer Ø from Ö�. 
 

ƖƯŚūƱŵƺŝ� (Soundness) ��
��

An inference procedure that generates only entailed sentences is called sound or truth preserving and the record of 
operation of a sound inference procedure is called a proof.  
 
An inference rule is sound if an inferred formula is also entailed: 

If   Ö  |-  Ø   then   Ö  |=  Ø 
 

ƪƯŚƧƱŵƺŝ� (Completeness)��
An inference rule is complete if every entailed formula can be inferred: 

If   Ö  |=  Ø   then   Ö  |-  Ø 
 

ƶŤƨƳ��ƖƯŚū�Ʊŵƺŝ�ƪƯŚƧ�ƹ�ũŚŤƴŤſř�ƾĭĦƿƹ�ƹŵ�ƢƐƴƯ�Ţſř��ƶŝ�ƵŵŚſ�šŹŚŞƗ��ƾƯ�ũŚŤƴŤſř��źţ�ŶƃŚŝ�ƶŤƃřŵ�řŹ�ǇŚŝ�ƾĭĦƿƹ��ƹŵ�źƷ�Śƿ�ƾƨƿ�ŶƳřƺţ���
��

We can say that, for every Ö and Ø, a sound and complete inference rule ensures: 

Ö  |-  Ø    if and only if    Ö  |=  Ø or, even more neatly: �  
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ƵŹřżĭ�ƢƐƴƯ�ƽř��
Ƃſźě���Ţƀǀģ�ƵŹřżĭ��
ƩŚŨƯ��

It is raining is represented by RAINING or R 
It is sunny is represented by   SUNNY or S 

��

ƶŝ�ƽŚƷŵŚưƳ�ƵŹřżĭ�ƢƐƴƯ�Źŵ�ƶŤƟŹŹŚƧ�ƽř��
o ŚƸŤŝŚŧƽ�False, True��
o ƵŹřżĭ�ƽŚƷŵŚưƳ��źǀƔƳ�ƽřP,Q,R,�.��
o żŤƳřźěŚƷ��
o ��ƾƤƐƴƯ�ƽŚƸƐŝřŹ����¬  ��

 

ƵŹřżĭ�ƢƐƴƯ�źƯřźĭ�ƽř��
 
Sentence →          Atomic Sentence | Complex Sentence 
Atomic Sentence →     True | False | P | Q | R | ... 
Complex Sentence   →       (Sentence)   |   Sentence Connective Sentence    |  ¬  Sentence 
Connective   →      V | Ë |  |   

��

źƯřźĭ�Źŵ�ƾĮƴĭ�Śƿ�ƭŚƸŝř (ambiguous)��
P  Q  R could be parsed as (P  Q)  R or as P  (Q  R).  
This is similar to the ambiguity in arithmetic expressions such as P + Q * R.   

 

ƫƺƫƹřŚƷźĮƬưƗ�ƶŝ�ƾƷŵ�Ţǀ��
Negation, conjunction, disjunction, implication, equivalence. Also, use parentheses when there may be confusion. 

��
ƵŹřżĭ�ƢƐƴƯ�ƽŚƴƘƯ�ƽř ��

��
ƾƤƐƴƯ�ƽŚƷ�ƎŝřŹ�ƽřźŝ�ƾŤſŹŵ�ƩƹŶū��

��
��
��

źŞŤƘƯ�ƵŹřżĭ�(Valid)��

��
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�ƾůřźƏƵŹřżĭ�ƢƐƴƯ�źŝ�ƾƴŤŞƯ�ƪƯŚƗ�ƽř��
��

o ƪƯŚƗ�ŭřźƏ�Śƿ�źŝŹŚƧ�Ǝſƺţ�ƂƳřŵ�ƵŚĮƿŚě�ƪǀưƨţ�ƹ�ŵŚŬƿř��
o Ʈǀưƈţ�ƾƴƘƿ�ƪƯŚƗ�ƽŹŚŤŴƯŵƺų�ƪƯŚƗ�ŵƺų�Ǝſƺţ�ƾƳŚſŹŻƹŹ�ƶŝ�ƹ�ƂƳřŵ�ƵŚĮƿŚě�ƪǀưƨţ�ƹ�ƽźǀĭ 

 
 

��
ƪƨƃÔ�Ï��ƵŹřżĭ�ƢƐƴƯ�źŝ�ƾƴŤŞƯ�ƪƯŚƗ�ƽř��

��

Ƃſźě��Ʊō�ƂƳřŵ�ƵŚĮƿŚě�ƶŝ�ƶūƺţ�Śŝ�ƪƯŚƗ�ƭřŶƧ�ƾƯ��ŶƳřƺţƵŹřżĭ�� P�řŹ
�ƩŚŞƳŵ�ƶŝ�ŶƃŚŝ�ƶŤƃřŵ��řźģ� 

��

��

��
��

ƪƨƃì�è���ƭřżƬŤſřŻřƿŚě�ĮƂƳřŵ�ƵŚ��
��
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1. Modens Ponens or Implication-Elimination  
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5. Double-Negation Elimination  



  

6. Unit Resolution 



  ,
 

7.  Resolution 















 ,,
or  

Ƃſźě��ƵŹřżĭ�ƢƐƴƯ�ŜƿŚƘƯ�ƹ�ŚƿřżƯ��Ţƀǀģ�ƽř��


