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WE HAVE BEEN SOLVING 
PROBLEM A BY SOLVING 
SMALLER VERSIONS OF 

PROBLEM A 



GENERAL IDEA: 
SOLVE PROBLEM A BY 
SOLVING PROBLEM B 
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party problem



S � V

independent set

a set is an independent set if
Sno two nodes in        are joined by an edge.
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A vertex cover of a graph is a 



such that 
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maxindset �O(V) minvertexcover

A solution to VC can be 
used to solve INDSET.
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set S is an independent set of G iff V-S is a vertex cover.Thm:



suppose S is an independent set.
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suppose V-S is a vc.
set S is an independent set of G iff V-S is a vertex cover.Thm:
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3sat problem

input:

output: “



(x ⇥ y ⇥ z) � (x ⇥ y ⇥ y) � (u ⇥ y ⇥ z) � (z ⇥ x ⇥ u) � (x ⇥ y ⇥ z)

3sat example
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Theory of NP





Languages



DEF OF NP
a language L belongs to the class NP iff

there exists a polynomial time algorithm A
and a constant c such that

L = {x 2 {0, 1}⇤ | 9y 2 {0, 1}|x|
c

s.t.A(x, y) = 1}



NP-Completeness
A language L is NP-Complete if

1. L ∈ NP
2.  ∀A ∈ NP,  A ≤p L

“L is among the hardest NP problems”



WHY IS VC IN NP?
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COOK-LEVIN THEOREM

WHAT IS THE HARDEST 
PROBLEM IN NP?



Cook-Levin theorem
8L 2 NP

L f 3SAT
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