Last time

An algorithm is efficient if it does qualitatively better than brute

force on every input. -
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Does every computational problem have a polynomial time
algorithm?
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How many primitive operations does the algorithm take?

Algorithm 1
Input: integer array A of length n
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Assume the following
1 operation for basic arithmetic operations
1 operation for variable assignment
1 operation for variable retrieval
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Big O notation /\J 6%0\/\/\&

Definition of big O: f(n) is O(g(n)) if there exist constants c>0and n, = 0
such that f(n) < c- g(n) fofalln = ng.
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Big O notation: another example

Definition of big O: f(n) is O(g(n)) if there exist constants c>0and n, = 0

such that f(n) < c- g(n) for alln = n,.
c- g(n)

Claim: 2n + 100 is O(n?).
o Show Zun +00 is 6(n?), we have 4o
(o ™ at rere XISt Can Stants 70 awnd

f(n)

\/\07/O S"\—— 7/1/\"//00 Scm?— /76\{ a{/M?VIO/ 1o n
L
Y (j(\,\};m J[(ngr c - 1OC
{\(V\);?/VWJ(\OQ V\O-:\
(00 T UK 4o SOW
— LV EL0D € oV
Ny v all nz )
i 0
C=l o 10 UV 11 =\ 2
nes Ak Z\/\%\OOE‘WL 2+100 < (02| v

Ec all nz70 0D



Big O notation: another example  —Z=

Definition of big O: f(n) is O(g(n)) if there exist constants c>0and n, = 0

such that f(n) < c- g(n) for alln = n,.
c- g(n)

Claim: 2n + 100 is 0(712). f(n)
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Let’s do some examples together

1. Prove that 3n® + 5n% — 2n = O(n*) using the definition of big O. That is, you must give a c
and an n, and show that they fit the definition, either by reasoning in words or by drawing
a graph.

77 3
2 2 < Lov el Nz Vo 40n
SNnI45Sr 3L Shzg

(_:Y/O/ \/IDZQ( )
20 24 Shi- 2 Lo Le allnz 0.

2. How would you prove that 3n® + 5n* —2n # 0(n?)? Don’t do it, just tell me how you
would.
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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?

(a) n

(b) nlogn



2. (7 points) Recall the definition of big O:

f(n) is O(g(n)) if there exist positive constants ng,c such that f(n) < c-g(n) for all
n > ng.

Using this definition, prove that 2n + 5 is O(n?).



