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Can’t get
¬¬¬¬satisfaction
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• R e c a l l : K B α i f f K B ∧ ¬α i s u n s a t i s f i a b l e• T h u s , a l g o r i t h m s f o r s a t i s f i a b i l i t y c a n b eu s e d f o r i n f e r e n c e ( e n t a i l m e n t )• M o r e g e n e r a l l y , s h o w i n g a s e n t e n c e i ss a t i s f i a b l e ( t h e S A T p r o b l e m ) i s N P %c o m p l e t ei . e . , F i n d i n g a f a s t a l g o r i t h m f o r S A Ta u t o m a t i c a l l y y i e l d s f a s t a l g o r i t h m s f o rh u n d r e d s o f d i f f i c u l t ( N P 0 c o m p l e t e )p r o b l e m s



3

5

E . g . 2 0 C N F s e n t e n c e s ( 2 l i t e r a l s p e r c l a u s e ) :(
¬

A
∨ ¬ B )

∧
( A

∨ B )
∧

( A
∨ ¬ B )S a t i s f i a b l e ?Y e s ( e . g . , A = t r u e , B = f a l s e )(

¬
A

∨ ¬ B )
∧

( A
∨ B )

∧
( A

∨ ¬ B )
∧

(
¬

A
∨ B )S a t i s f i a b l e ?N o
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WalkSAT• L o c a l s e a r c h a l g o r i t h mI n c o m p l e t e : m a y n o t a l w a y s f i n d a s a t i s f y i n ga s s i g n m e n t e v e n i f o n e e x i s t s• E v a l u a t i o n f u n c t i o n ?= N u m b e r o f u n s a t i s f i e d c l a u s e sW a l k S A T t r i e s t o m i n i m i z e t h i s f u n c t i o n• B a l a n c e b e t w e e n g r e e d i n e s s a n d r a n d o m n e s s
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WalkSAT

Greed Randomness
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• C o n s i d e r r a n d o m 3 % C N F s e n t e n c e s . e . g . ,( ¬ D ∨ ¬ B ∨
C ) ∧ ( B ∨ ¬

A
∨ ¬

C ) ∧ ( ¬
C

∨
¬ B ∨

E ) ∧ ( E
∨ ¬ D ∨ B ) ∧ ( B ∨

E
∨ ¬

C )m = n u m b e r o f c l a u s e sn = n u m b e r o f s y m b o l sH a r d i n s t a n c e s o f S A T s e e m t o c l u s t e r n e a rm / n = 4 . 3 ( c r i t i c a l p o i n t )
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1 0M e d i a n r u n t i m e f o r 1 0 0 s a t i s f i a b l e r a n d o m 3 0 C N Fs e n t e n c e s , n = 5 0
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P u t t i n g i t a l l t o g e t h e r :L o g i c a l W u m p u s A g e n t sA w u m p u s � w o r l d a g e n t u s i n g p r o p o s i t i o n a l l o g i c :
¬P 1 , 1
¬

W 1 , 1F o r x = 1 , 2 , 3 , 4 a n d y = 1 , 2 , 3 , 4 , a d d ( w i t ha p p r o p r i a t e b o u n d a r y c o n d i t i o n s ) :B x , y ⇔
( P x , y + 1 ∨ P x , y & 1 ∨ P x + 1 , y ∨ P x & 1 , y )S x , y ⇔

( W x , y + 1 ∨
W x , y & 1 ∨

W x + 1 , y ∨
W x & 1 , y )W 1 , 1 ∨

W 1 , 2 ∨ … ∨
W 4 , 4

¬
W 1 , 1 ∨ ¬

W 1 , 2
¬

W 1 , 1 ∨ ¬
W 1 , 3…

⇒ 6 4 d i s t i n c t p r o p o s i t i o n s y m b o l s , 1 5 5 s e n t e n c e s !
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1 4

• K B c o n t a i n s " p h y s i c s " s e n t e n c e s f o r e v e r y s i n g l es q u a r e• F o r e v e r y t i m e s t e p t a n d e v e r y l o c a t i o n [ x , y ] , w en e e d t o a d d t o t h e K B :L x , y ∧ F a c i n g R i g h t t
∧ F o r w a r d t

⇒
L x + 1 , y• R a p i d p r o l i f e r a t i o n o f s e n t e n c e s

L i m i t a t i o n s o f p r o p o s i t i o n a l l o g i c
t + 1t
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W h a t w e ’ d l i k e i s a w a y t o t a l ka b o u t a n d o fo b j e c t s , a n d t o d e f i n er e l a t i o n s h i p s b e t w e e n t h e m .U s e : F i r s t 0 o r d e r l o g i c( a k a “ p r e d i c a t e l o g i c ” )

1 6

P r o p o s i t i o n a l l o g i cF a c t s : p , q , ¬ r ,
¬P 1 , 1 ,

¬
W 1 , 1 e t c .( p

∧
q ) v ( ¬ r v q

∧
p )F i r s t 0 o r d e r l o g i cO b j e c t s : G e o r g e , M o n k e y 2 , R a j , 4 7 3 S t u d e n t 1 , e t c .R e l a t i o n s :C u r i o u s ( G e o r g e ) , C u r i o u s ( 4 7 3 S t u d e n t 1 ) , …S m a r t e r ( 4 7 3 S t u d e n t 1 , M o n k e y 2 )S m a r t e r ( M o n k e y 2 , R a j )S t o o g e s ( L a r r y , M o e , C u r l y )P o k e s I n T h e E y e s ( M o e , C u r l y )P o k e s I n T h e E y e s ( 4 7 3 S t u d e n t 1 , R a j )
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• Constants : G e o r g e , M o n k e y 2 , e t c .N a m e a s p e c i f i c o b j e c t .• Variables : X , Y .R e f e r t o a n o b j e c t w i t h o u t n a m i n g i t .• Functions : b a n a n a % o f , g r a d e % o f , e t c .M a p p i n g f r o m o b j e c t s t o o b j e c t s .• Terms : b a n a n a % o f ( G e o r g e ) , g r a d e % o f ( s t d n t 1 )R e f e r t o o b j e c t s• Relations : C u r i o u s , P o k e s I n T h e E y e s , e t c .S t a t e r e l a t i o n s h i p s b e t w e e n o b j e c t s .• Atomic Sentences : P o k e s I n T h e E y e s ( M o e , C u r l y )C a n b e t r u e o r f a l s eC o r r e s p o n d t o p r o p o s i t i o n a l s y m b o l s P , Q

1 8

• Logical connectives : a n d , o r , n o t ,
⇒

, ⇔• Quantifiers :
∀∀∀∀

F o r a l l ( U n i v e r s a l q u a n t i f i e r )
∃∃∃∃

T h e r e e x i s t s ( E x i s t e n t i a l q u a n t i f i e r )• ExamplesG e o r g e i s a m o n k e y a n d h e i s c u r i o u sM o n k e y s a r e c u r i o u sT h e r e i s a c u r i o u s m o n k e yMonkey(George) ∧ Curious(George)

∀∀∀∀m: Monkey(m) ⇒ Curious(m)

∃∃∃∃m: Monkey(m) ∧ Curious(m)
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1 . ∀ x : M ( x ) ∧
C ( x )2 . ∀ x : M ( x )

⇒
C ( x )3 . ∃ x : M ( x ) ∧

C ( x )4 . ∃ x : M ( x )
⇒

C ( x )

M ( x ) = = “ x i s a m o n k e y ”C ( x ) = = “ x i s c u r i o u s ”
“Everything is a curious monkey”

“All monkeys are curious”

“There exists a curious monkey”

“There exists an object that is either a curious
monkey, or not a monkey at all”

2 0

Nested Quantifiers

• E x a m p l e sE v e r y m o n k e y h a s a t a i l∀∀∀∀ ∃∃∃∃
P ( )

≠≠≠≠ ∃∃∃∃ ∀∀∀∀
P ( )

∀∀∀∀ ∃∃∃∃
h a s ( )E v e r y b o d y l o v e s s o m e b o d y v s . S o m e o n e i s l o v e d b y e v e r y o n e∃∃∃∃ ∀∀∀∀ m h a s ( )?

E v e r y m o n k e y
shares

a t a i l !
Try:
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• F O L f o r t h e W u m p u s• R e a s o n i n g i n F O L


