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We are here  

(deterministic, single-tape deciders, 

unless otherwise indicated) 
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• (V, E) 
• V E
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• n
• 1

• O(n2) 

• n

• 1

• O(n3) 



• gcd = 1 
• gcd(8, 12) = 4 

 

• RELPRIME
• x y  
•
•

• gcd
•



x
- 15 mod 8 = 7 
- 17 mod 8 = 1 

x > y
2log x = 2log2n = 
O(n) n =

x 

log x  
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• G
• S  AB | BC 

• A  BA | a 

• B  CC | b 

• C  AB | a 

• baaba 

•



• G
• S  AB | BC 

• A  BA | a 

• B  CC | b 

• C  AB | a 

• baaba

•



• G
• S  AB | BC 

• A  BA | a 

• B  CC | b 

• C  AB | a 

• baaba

•

c A
A  c A



B 

A,C 

A,C 

B 

A,C 

• G
• S  AB | BC 

• A  BA | a 

• B  CC | b 

• C  AB | a 

• baaba

•

c A
A  c A



B 

A,C 

A,C 

B 

A,C 

• G
• S  AB | BC 

• A  BA | a 

• B  CC | b 

• C  AB | a 

• baaba

•

c A
A  c A

s
s x,y
A  BC

B
x C y 



B 

A,C 

A,C 

B 

A,C 

• G
• S  AB | BC 

• A  BA | a 

• B  CC | b 

• C  AB | a 

• baaba

•

c A
A  c A

s
s x,y
A  BC

B
x C y ba b a

• S  AB 
• A b B a
•

• S  BC 
• B b C a
•

• A  BA 
• B b A a
•

• B  CC 
• b C a
•

• C  AB 
• A b B a
•



B S,A 

A,C 

A,C 

B 

A,C 

• G
• S  AB | BC 

• A  BA | a 

• B  CC | b 

• C  AB | a 

• baaba

•

c A
A  c A

s
s x,y
A  BC

B
x C y ba b a

• S  AB 
• A b B a
•

• S  BC 
• B b C a
•

• A  BA 
• B b A a
•

• B  CC 
• b C a
•

• C  AB 
• A b B a
•



B S,A S,A,C 

A,C B B S,A,C 

A,C S,C B 

B S,A 

A,C 

• G
• S  AB | BC 

• A  BA | a 

• B  CC | b 

• C  AB | a 

• baaba

•

c A
A  c A

s
s x,y
A  BC

B
x C y 



• O(n3)

•

#vars * n = O(n) 

O(n) 

O(n) 

O(n) 

#rules 

#rules * O(n) * O(n) * O(n) = O(n3) 

#vars 

O(n) 
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Check-in Quiz 11/23 

End of Class Survey 11/23 


