
Chapters 7



Complexity
 Even when problems are decidable (computable)

 They may not be feasible

 Solutions required too much time or memory

 Time Complexity



Big-O Notation
 Asymptotic analysis

 Estimate the run time of an algorithm for large inputs

 Only consider the highest order terms

 Disregard coeffiecent of the term and lower order terms



Analyzing Algorithms
 Given A = { 0k1k | k ≥ 0 }

 Low level description of TM M1 that decides A

 Complexity of this TM will be the number of steps for a given input length
 Consider some stages separately

 1 - Scans for 0*1* form by moving head across tape: n steps = O(n)

 2 and 3 – a scan for every pair of 0’s and 1’s: At most n/2 scans

 Each scan is O(n) steps: n/2*O(n) = O(n2)

 4 – Single scan to find remaining inputs: n steps = O(n)

 O(n) + O(n2) + O(n) = O(n2)



Time Complexity Class

 From previous example

 A ∈ TIME(n2) because M1 decides A in time O(n2)



TM Variants Affect Time Complexity

 Given a an O(t(n)) multitape 
TM

 The equivalent single tape 
will run in O(t2(n))



Section 7.2 Class P
 Problems solved in polynomial time, O(nc)

 Generally considered to be small and easily computable for large inputs

 Polynomially equivalent

 Two computational models are Polynomially equivalent if simulating one with the 
other only increases by polynomial time.

 Ex. Multitape to singletape TM



 Important because

 P is invariant for all models of computation

 P roughly corresponds to the class of problems that are realistically solvable on a 
computer



Section 7.3 Class NP
 Not every problem is solvable in polynomial time
 We may be unsure if a language is class P

 If we can acquire a solution we can try to verify it in polynomial time
 Easier to verify, harder to determine existence

 c = certificate or proof 
 Additional information used to show member ship in language A



NP Class

 Nondeterministic polynomial time

 class of languages that have polynomial time verifiers

 Solvable by using a nondeterministic TM in polynomial time

 class P (all problems solvable, deterministically, in polynomial time) is 
contained in NP (problems where solutions can be verified in polynomial time)

 P = class of languages for which membership can be decided quickly

 NP = class of languages for which membership can be verified quickly

https://en.wikipedia.org/wiki/P_(complexity)
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