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Topic 20Topic 20
NPNP--CompletenessCompleteness
1.   Polynomial time algorithm1.   Polynomial time algorithm
2. Polynomial time reduction2. Polynomial time reduction
3.P 3.P vsvs NPNP

4.NP4.NP--completenesscompleteness
(some slides by P.T. (some slides by P.T. Uma Uma University of Texas at University of Texas at 

Dallas are used)Dallas are used)
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�� Find minimum length tour that visits each Find minimum length tour that visits each 

city once and returns to the starting city.city once and returns to the starting city.

Given a ProblemGiven a Problem

�� Polynomial time algorithm Polynomial time algorithm ��
–– O(O(nnkk)       (n is the input size; k is a constant))       (n is the input size; k is a constant)

�� SuperSuper--polynomial time algorithm polynomial time algorithm ��
(some people call it non(some people call it non--polynomial)polynomial)

–– O(2O(2nn), O(n!)), O(n!)

What’s the Big Deal?What’s the Big Deal?
�� 2.20 GHz (Jan 2002)2.20 GHz (Jan 2002)

(2.20 billion cycles per second)(2.20 billion cycles per second)

�� N = 30 cities  N! = 30! = 265 * 10N = 30 cities  N! = 30! = 265 * 103030 tourstours
�� SuperSuper--fast machine:fast machine: compute 1 TSP tour in 1 compute 1 TSP tour in 1 

cycle.cycle.
�� 2.20 billion TSP tours in 1 second.2.20 billion TSP tours in 1 second.
�� 120 * 10120 * 102121 secondsseconds
�� 1 year = 31536000 s1 year = 31536000 s
�� 38 * 1038 * 101414 years!years!
�� 3800 trillion years!!!3800 trillion years!!!
�� Age of Earth = 4.6 billion years!Age of Earth = 4.6 billion years!
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What’s the Big Deal?What’s the Big Deal?
�� 2.53 GHz (Aug 2002)2.53 GHz (Aug 2002)

(2.53 billion cycles per second)(2.53 billion cycles per second)

�� N = 30 cities  N! = 30! = 265 * 10N = 30 cities  N! = 30! = 265 * 103030 tourstours
�� SuperSuper--fast machine:fast machine: compute 1 TSP tour in 1 compute 1 TSP tour in 1 

cycle.cycle.
�� 2.53 billion TSP tours in 1 second.2.53 billion TSP tours in 1 second.
�� 104 * 10104 * 102121 secondsseconds
�� 1 year = 31536000 s1 year = 31536000 s
�� 32 * 1032 * 101414 years!years!
�� 3200 trillion years!!!3200 trillion years!!!
�� Age of Earth = 4.6 billion years!Age of Earth = 4.6 billion years!

What’s the Big Deal?What’s the Big Deal?
�� 3.06 GHz (Jan 2003)3.06 GHz (Jan 2003)

(3.06 billion cycles per second)(3.06 billion cycles per second)

�� N = 30 cities  N! = 30! = 265 * 10N = 30 cities  N! = 30! = 265 * 103030 tourstours
�� SuperSuper--fast machine:fast machine: compute 1 TSP tour in 1 compute 1 TSP tour in 1 

cycle.cycle.
�� 3.06 billion TSP tours in 1 second.3.06 billion TSP tours in 1 second.
�� 86 * 1086 * 102121 secondsseconds
�� 1 year = 31536000 s1 year = 31536000 s
�� 27 * 1027 * 101414 years!years!
�� 2700 trillion years!!!2700 trillion years!!!
�� Age of Earth = 4.6 billion years!Age of Earth = 4.6 billion years!

Progress in TechnologyProgress in Technology
�� N = 30 cities  N! = 30! = 265 * 10N = 30 cities  N! = 30! = 265 * 103030 tourstours
�� SuperSuper--fast machine:fast machine: compute 1 TSP tour in 1 cycle.compute 1 TSP tour in 1 cycle.
�� Age of Earth (earth) = 4.6 billion years.Age of Earth (earth) = 4.6 billion years.
�� Age of the Milky Way Galaxy (Age of the Milky Way Galaxy (mwgmwg) = 13 billion years.) = 13 billion years.
�� Age of the Universe (Age of the Universe (univuniv) = 15 billion years. ) = 15 billion years. 

Jan 2002

3800 trillion years
826, 086 earth
292, 307 mwg
253, 333 univ

Aug 2002

3200 trillion years
695, 652 earth
246, 153 mwg
213, 333 univ

Jan 2003

2700 trillion years
586, 956 earth
207, 692 mwg
180, 000 univ

Given a ProblemGiven a Problem

�� Tractable or intractable?Tractable or intractable?
�� TractableTractable –– give a polynomial time give a polynomial time 

algorithm.algorithm.
�� IntractableIntractable –– show the problem is NPshow the problem is NP--

complete and explore other means of complete and explore other means of 
solving the problem.solving the problem.
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Given a ProblemGiven a Problem

�� Tractable or intractable?Tractable or intractable?
�� TractableTractable –– give a polynomial time give a polynomial time 

algorithm.algorithm.
�� IntractableIntractable –– show the problem is NPshow the problem is NP--

complete and explore other means of complete and explore other means of 
solving the problem.solving the problem.

Given a ProblemGiven a Problem

�� Give an efficient polynomial time Give an efficient polynomial time 
algorithm.algorithm.

�� 3 GHz ; 3 billion cycles/s ; 0.33 ns/cycle3 GHz ; 3 billion cycles/s ; 0.33 ns/cycle
�� N = 1, 000, 000N = 1, 000, 000
�� O(n) = 330 O(n) = 330 µµs  s  
�� O(nO(n22) = 330 s = 5.5 minutes) = 330 s = 5.5 minutes
�� O(nO(n33) = 330 million s = 10 years) = 330 million s = 10 years
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