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I n f e r e n c e T e c h n i q u e I : R e s o l u t i o nT e r m i n o l o g y :L i t e r a l = p r o p o s i t i o n s y m b o l o r i t s n e g a t i o nE . g . , A ,
¬

A , B ,
¬

B , e t c .C l a u s e = d i s j u n c t i o n o f l i t e r a l sE . g . , ( B
∨ ¬

C
∨ ¬ D )R e s o l u t i o n a s s u m e s s e n t e n c e s a r e i nC o n j u n c t i v e N o r m a l F o r m ( C N F ) :s e n t e n c e = c o n j u n c t i o n o f c l a u s e sE . g . , ( A

∨ ¬
B ) ∧ ( B

∨ ¬
C

∨ ¬ D )

4

E . g . , B 1 , 1
⇔ ( P 1 , 2

∨ P 2 , 1 )1 . E l i m i n a t e
⇔

, r e p l a c i n g α
⇔ β w i t h ( α

⇒ β )
∧( β ⇒

α ) .( B 1 , 1
⇒

( P 1 , 2
∨

P 2 , 1 ) )
∧

( ( P 1 , 2
∨

P 2 , 1 )
⇒

B 1 , 1 )2 . E l i m i n a t e
⇒

, r e p l a c i n g α
⇒ β w i t h

¬
α

∨ β .(
¬

B 1 , 1
∨

P 1 , 2
∨

P 2 , 1 )
∧

(
¬

( P 1 , 2
∨

P 2 , 1 )
∨

B 1 , 1 )3 . M o v e
¬

i n w a r d s u s i n g d e M o r g a n ' s r u l e s a n d d o u b l e Tn e g a t i o n :(
¬

B 1 , 1
∨

P 1 , 2
∨

P 2 , 1 )
∧

( (
¬

P 1 , 2
∧ ¬

P 2 , 1 )
∨

B 1 , 1 )4 . A p p l y d i s t r i b u t i v i t y l a w ( ∧
o v e r

∨
) a n d f l a t t e n :(

¬
B 1 , 1

∨
P 1 , 2

∨
P 2 , 1 )

∧
(
¬

P 1 , 2
∨

B 1 , 1 )
∧

(
¬

P 2 , 1
∨

B 1 , 1 )T h i s i s i n C N F – D o n e !
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There is a pit in [1,3] or
There is a pit in [2,2] There is no pit in [2,2]

There is a pit in [1,3]M o r e g e n e r a l l y ,
l 1 ∨ … ∨ l k ,

¬l i
l

1
∨ … ∨ l i 	 1

∨ l i + 1
∨ … ∨ l k

6

I n f e r e n c e T e c h n i q u e : R e s o l u t i o n• G e n e r a l R e s o l u t i o n i n f e r e n c e r u l e ( f o r C N F ) :
l 1 ∨ … ∨ l k ,

m 1 ∨ … ∨ m n
l

1
∨ … ∨ l i 	 1

∨ l i + 1
∨ … ∨ l k ∨ m

1
∨ … ∨ mj 	 1

∨ mj + 1
∨

. . .
∨ m nw h e r e

l i a n d
mj a r e c o m p l e m e n t a r y l i t e r a l s .E . g . , P 1 , 3 ∨

P 2 , 2 ,
¬

P 2 , 2P 1 , 3• R e s o l u t i o n i s s o u n df o r p r o p o s i t i o n a l l o g i c
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S o u n d n e s s o f r e s o l u t i o n i n f e r e n c e r u l e :
¬( l 1 ∨ … ∨ l i 	 1

∨ l i + 1
∨ … ∨ l k )

⇒ l i
¬mj ⇒ ( m 1

∨ … ∨ mj 	 1
∨ mj + 1

∨
. . .

∨ m n )
¬( l i ∨ … ∨ l i 	 1

∨ l i + 1
∨ … ∨ l k )

⇒ ( m 1
∨ … ∨ mj 	 1

∨ mj + 1
∨

. . .
∨ m n )( s i n c e

l i = ¬mj )

8

• T o s h o w KB ╞ α , u s e p r o o f b y c o n t r a d i c t i o n ,i . e . , s h o w K B ∧ ¬
α u n s a t i s f i a b l e
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K B = ( B 1 , 1
⇔

( P 1 , 2
∨

P 2 , 1 ) )
∧¬

B 1 , 1 a n d α =
¬

P 1 , 2R e s o l u t i o n : C o n v e r t t o C N F a n d s h o w K B
∧ ¬ α i su n s a t i s f i a b l e

Given no breeze in [1,1], prove there’s no pit in [1,2]

1 0
Empty clause( i . e . , K B

∧ ¬
α u n s a t i s f i a b l e )
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1 1
Empty clause( i . e . , K B

∧ ¬
α u n s a t i s f i a b l e )

1 2

I n f e r e n c e T e c h n i q u e I I :F o r w a r d / B a c k w a r d C h a i n i n g• R e q u i r e s e n t e n c e s t o b e i n
Horn Form

:K B = c o n j u n c t i o n o f H o r n c l a u s e sH o r n c l a u s e =• p r o p o s i t i o n s y m b o l o r• “ ( c o n j u n c t i o n o f s y m b o l s )
⇒

s y m b o l ”( i . e . c l a u s e w i t h a t m o s t 1 p o s i t i v e l i t e r a l )E . g . , K B = C
∧

( B
⇒ A )

∧
( C

∧
D
⇒

B )• F / B c h a i n i n g b a s e d o n “ M o d u s P o n e n s ” r u l e :α 1 , … , α n , α 1
∧ … ∧

α n ⇒ ββC o m p l e t e f o r H o r n c l a u s e s• V e r y n a t u r a l a n d l i n e a r t i m e c o m p l e x i t y i n s i z e o f K B
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• I d e a : f i r e a n y r u l e w h o s e p r e m i s e s a r e s a t i s f i e d i n K B ,a d d i t s c o n c l u s i o n t o K B , u n t i l q u e r y q i s f o u n d

AND-OR GraphQuery = “Is Q true?”

1 4F o r w a r d c h a i n i n g i s s o u n d & c o m p l e t e f o r H o r n K B
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1 5Query = Q 
(i.e. “Is Q true?”)

1 6
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1 7

1 8



1 0

1 9

2 0



1 1

2 1

I d e a : w o r k b a c k w a r d s f r o m t h e q u e r y q :t o p r o v e q b y B C ,c h e c k i f q i s k n o w n a l r e a d y , o rp r o v e b y B C a l l p r e m i s e s o f s o m e r u l e c o n c l u d i n g qA v o i d l o o p s : c h e c k i f n e w s u b g o a l i s a l r e a d y o n g o a l s t a c kA v o i d r e p e a t e d w o r k : c h e c k i f n e w s u b g o a l1 . h a s a l r e a d y b e e n p r o v e d t r u e , o r2 . h a s a l r e a d y f a i l e d

2 2
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2 3

2 4
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2 5

2 6



1 4

2 7

2 8



1 5

2 9

3 0
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3 1

• F C i s d a t a T d r i v e n , a u t o m a t i c , u n c o n s c i o u s p r o c e s s i n g ,e . g . , o b j e c t r e c o g n i t i o n , r o u t i n e d e c i s i o n s• F C m a y d o l o t s o f w o r k t h a t i s i r r e l e v a n t t o t h e g o a l• B C i s g o a l T d r i v e n , a p p r o p r i a t e f o r p r o b l e m T s o l v i n g ,e . g . , H o w d o I g e t a n A i n t h i s c l a s s ?e . g . , W h a t i s m y b e s t e x i t s t r a t e g y o u t o f t h ec l a s s r o o m ?e . g . , H o w c a n I i m p r e s s m y d a t e t o n i g h t ?• C o m p l e x i t y o f B C c a n b e m u c h l e s s t h a n l i n e a r i n s i z eo f K B

3 2

T w o f a m i l i e s o f e f f i c i e n t a l g o r i t h m s f o rp r o p o s i t i o n a l i n f e r e n c e b a s e d o n m o d e l c h e c k i n g :C o m p l e t e b a c k t r a c k i n g s e a r c h a l g o r i t h m sD P L L a l g o r i t h m ( D a v i s , P u t n a m , L o g e m a n n , L o v e l a n d )S i m i l a r t o T T e n u m e r a t i o n f r o m l a s t c l a s s b u t w i t h h e u r i s t i c sI n c o m p l e t e l o c a l s e a r c h a l g o r i t h m s
 WalkSAT

a l g o r i t h m
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D e t e r m i n e i f a n i n p u t p r o p o s i t i o n a l l o g i cs e n t e n c e ( i n C N F ) i s s a t i s f i a b l e .I m p r o v e m e n t s o v e r t r u t h t a b l e e n u m e r a t i o n :1 . E a r l y t e r m i n a t i o nA c l a u s e i s t r u e i f a n y l i t e r a l i s t r u e .A s e n t e n c e i s f a l s e i f a n y c l a u s e i s f a l s e .2 . P u r e s y m b o l h e u r i s t i cP u r e s y m b o l : a l w a y s a p p e a r s w i t h t h e s a m e " s i g n " i n a l lc l a u s e s .e . g . , I n t h e t h r e e c l a u s e s ( A ∨ ¬
B ) , (

¬
B

∨ ¬
C ) , ( C

∨ A ) , Aa n d B a r e p u r e , C i s i m p u r e .M a k e a p u r e s y m b o l l i t e r a l t r u e .3 . U n i t c l a u s e h e u r i s t i cU n i t c l a u s e : o n l y o n e l i t e r a l i n t h e c l a u s eT h e o n l y l i t e r a l i n a u n i t c l a u s e m u s t b e t r u e .

3 4
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