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Turing machine -- formal model 
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Transition
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Nondeterministic Turing machine (NDTM)
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P vs NP

A language L is in P iff there is a DTM which accepts 
L in polynomial time.

A language L is in NP iff there is a NDTM which 
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iff L has a deterministic polynomial time verifier; that 
is a polynomial time algorithm V(x,y) such that
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NP models poly-time verification
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A language L is in NP iff L has a polynomial 
time verifier.
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Polynomial time transformation (reduction)
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Satisfiability problem
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Reduction from search to decision
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NP-completeness

A language L is NP-complete if

•L is in NP.

•For all L.'L NP,L' P≤∈



Proof that 3-CNF is NP-complete.

•A generic reduction from any NP problem to 3-
CNF:  

•CNF is capable of expressing any NP computation.

.L   NP,Lany Given P CNF≤∈



).|(|)|O(|  time---   ).A(         

. outputs T(w)         
  L, wif decide To  

).|(|||  
 time.)|O(|in   

problem CNF  thesolvesA  algorithm time-p a Suppose  
:PL then P,CNF if ly,Consequent

.|w|in  polynomial is ||   
CNF). (hence esatisfiabl is L   w

 thatso   CNF a constructs  w,string ainput on    
 whichT algorithm time-poly a eDemonstrat

 time.p(n)in  M NDTM someby  accepted NP,L Suppose

ww

w

w

c

w

w

w

cdc

d

wO

wO

=

∈
=

∈∈

∈⇔∈

∈

φφ
φ

φ
φ

φ
φ

φ



Polynomial time transformation
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Expressing transitions
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More NP-complete problems
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