
15 April 2010 Class Notes 
 
P vs. NP 
Characteristic: Fast to verify, hard to compute. 
 
1930s – Godel – searched for a standard procedure for mathematical proofs 

 
numbers: P1, P2 -> P1*P2 
If the input is P1*P2, can you find P1 and P2? 

 
1960s – Cook-Levin Clause –  
 

Given the boolean formula: ( X1ORX2OR⌐X3)AND(X1OR⌐X4ORX3) can you find an assignment 
for X1, X2,…Xn such that this formula is true? 

 
1970s –  
Both problems are polynomial-time problems, and are therefore equally hard problems. 
A polynomial-time problem can be completed in n^(some large constant). 
 
1980s –  
ZKIP (zero-knowledge interactive proof) –  

- Two people discuss a proof 
- 1 person has a proof and tries to convince the other that the proof works 
- The other person asks questions, becomes convinced of the proof without actually seeing 

the proof itself 
 
Define a language L over the set {0,1}n  
 L(n) in {0,1} n 
 Input: vector x that exists in {0,1}n 

 Question: does vector x exist in L(n)? 
L(n) is in NP if there exists a polynomial time algorithm V and if for all n, x in L(n) has a witness y such 
that |y| = poly(|x|) 
V(x,y) = {yes if y is a correct witness of x in L and no otherwise} 
 
If some proof has a hint that is easily checked -> NP 
If some proof does not need a hint -> P 
 
According to the Cook-Levin Thereom –  

If L in NP then if there exists a polynomial time algorithm for testing whether a poly-lengthed 
Boolean formula can be true then there exists a poly-time algorithm L as well. 

 
Binary relation 
 R: {0,1}n x {0,1}m -> {0,1} 

- Can we evaluate R in poly-time? 
- For every R we can define a language LR: 

If R in P then x in {0,1} n in L 
And if there exists y of length n such that R(x,y)=1, 
LR is in NP if R is in P 


