1. (8 points) Suppose you have algorithms with the following runtimes. (Assume these
are exact running times as a function of the input size n, not a asymptotic running
times.) How much slower do these algorithms get when you double the input size?
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2. (7 points) Recall the definition of big O:
f(n) is O(g(n)) if there exist positive constants no,c such that f(n) < c- g(n) for all

n 2 ng. (V\\\ L/-f‘)(m\
Using this definition, prove that 2n + 5 is O(n?).
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Summary

hen we talk about the runtime gf an algorithm, we always mean:
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Porj=14+1,14+3,..., n
Add up array entries A[i | through A[ j ]
Store the result in B[i, j]
Endfor
Endfor
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(2 =

Big Omega notation

Lower bounds. f(n) is 2(g(n)) if there exist constants ¢ >0 and n, = 0

such thatf(n)@0°g(n) forall n = n,.
f(n)

Ex. f(n)=32n’>+17n+ 1. ¢ g(n)

* f(n) is both Q(n?) and Q(n).
* f(n) is not Q#>).
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Big Theta notation

Tight bounds. f(n) is ©(g(n)) if there exist constants ¢1 >0, co>0,and n, = 0
N\
& - g(n) foralln = n,.

suchthat0 < c¢1-g(n) < c2 - g(n)

————- /
f(n)
Ex. f(n)=32n*>+ 17n + 1. e - g(n)

* f(n)is O®@?).
* f(n) is neither ®(n) nor O>).
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s f(n) = 32n° + 17n +5...
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Multiplication by a constant \/MQ 6@(

Suppose | have runtime f(n) and | know it is O(g(n)). QX T[ (mw =
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Is b - f(n) = O(g(n)) for all constants b? 8([/\) L 2
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Asymptotically different functions
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Summary

Big O is for functions
Big Omega is for functions
Big Theta is for functions

We use Big O/Big Omega/Big Theta in order to:
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Is there a worst-case input here? (Or best case?)

/Ixrl]gor%thm 5 Z \(7“/ %/ “ /fl
put: integer array A of length n
for 1 =1, 2, .., n :
total = @ ig/%% v, 84
for j =1, 2, .., n:
total = total + A[1]
B[1] = total
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