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Theory of Computation, CSCI 438 spring 2021 

Complexity Theory in Brief, April 16th   

 Know that computation theory does not depend on the model of computation (as 

long as that model is “reasonable”) while complexity theory does depend on the 

computation model. 

 Be able to determine the complexity of deciding a language on a Turing machine 

using big-O notation.  

 Know and be able to explain why every multi-tape TM that runs in t(n), t(n) ≥ n, 

time has an equivalent single-tape Turing machine that runs in O(t2(n)) time.  

 Know and be able to explain why every nondeterministic TM that runs in t(n), 

t(n) ≥ n, time has an equivalent single-tape Turing machine that runs in 2O(t(n)) 

time.  

 Know what is meant by a verifier for a language and be able to describe what the 

certificate is.  

 Know that a language is in P if and only if it is decided on a deterministic single 

tape TM in polynomial time Turing machine.  

 Know that a language is in NP if and only if it can be verified on a deterministic 

single tape TM in polynomial time Turing machine (note that this is our definition 

of NP).  

 Know and be able to prove that a language is in NP if and only if f it is decided by 

some nondeterministic polynomial time Turing machine (note that this is 

something that needs to be proved) 

 Know and understand that P is the class of languages for which membership can 

be decided quickly while NP is the class of languages for which membership can 

be verified quickly.  

 Know and be able to prove that PATH 

PATH = {<G, s, t> | G is a directed graph that has a directed path from s to t}  

and RELPRIME 

      RELPRIME = {<x, y> | x and y are relatively prime}  

are in P and that HAMPATH  

      HAMPATH = {<G, s, t> | G is a directed graph that contains a directed path from 

source vertex s to target vertex t and the path passes through every vertex in G 

exactly once}, 

COMPOSITES 

       COMPOSITES = {x | x=pq, for integers p, q > 1},  

and CLIQUE 

       CLIQUE = {<G, k> | G is an undirected graph with a k-clique}  

Clique – all nodes in the clique are completely connected 

k-clique – a clique with k nodes.  

are in NP. 

 Know what is meant by a reduction and that A≤PB says that A can be reduced to 

B in polynomial time.  

 Know that a language B is NP-complete if it is NP and all other NP languages are 

polynomial time reducible to it.  

 Know the Cook-Levin Theorem (that SAT = {< φ > | φ is a satisfiable Boolean 

formula} is NP-complete and be able to describe its proof from a high level. 


