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COBHAM-EDMONDS THESIS

“Computational problems can be feasibly computed on some 
computational device only if they can be computed in polynomial 
time.”

“Languages can be decided efficiently on some Turing machine only 
if they can be computed in O(nk).”

P = { L | There is a polynomial time decider for L }
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▸ Searching for some specific type of thing (biggest, 
smallest, longest, etc…) object in a group usually results in 
exponentially many options. 

▸ This means that brute-force approaches tend to run in 
exponential time - O(2n). 

▸ “Good” algorithms tend to run in polynomial time O(n), 
O(n2), O(n3), etc… 

▸ O(nk) algorithms tend to scale well as the size of the data 
(n) increases, while O(2n) algorithms scale poorly.

ALGORITHMIC EFFICIENCY



COMPLEX PROBLEMS

Can this be decided in polynomial time?
Can this be verified in polynomial time?



▸ Complexity class P contains all problems that can be 
decided in polynomial time. 

▸  Complexity class NP contains all problems that can be 
verified in polynomial time.

ALGORITHMIC EFFICIENCY

P = { L | There is a polynomial time decider for L }

NP = { L | There is a polynomial time verifier for L }



The Ultimate Question
(of Computer Science)



P ≟ NP
If a solution to a problem can be verified efficiently, does that 

mean there is some algorithm to decide that problem efficiently? 

Proving this statement true or false will change the face of computer science.



THIS IS LITERALLY A MILLION DOLLAR QUESTION



IF P = NP

A huge number of problems that were previously thought to be 
verifiable, but unsolvable in polynomial time, can in fact be 
solved in polynomial time if the right algorithm is found.

IF P ≠ NP

Entire groups of seemingly simple problems may not in fact 
be solvable by computers.

What do leading scientists think? Introduction to Complexity Theory Column 36

47 Years of attempts have been inadequate to prove this either way.
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