Run Time Analysis
* |terative agorithm —— Loop counting

¢ Recursive algorithm — Recurrence relations
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L oop counting

Modified-Bubblesort(S)
1+ —_— . SWAP=T
Sopn(l+ —————~ For i=n down to 2
1+ =——————————— |f SWAP=F then return
1+ —————— Flag=F
Si1ia( 1 ——— Forj=ltoi-1
33— If mggeTn swap(s, §.,) and set

Return

148 (1452154 D)
actualy ¢+ S-; ((C+S-1.i1C5)
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Summation

S=2.nS-1..i1C = €S, (i-1)
= (S i-D)-c
= o(Siz.i - Sizp.nl) - C

= c(n(n+1)/2-n)-c

= O(n?)
Cs140 43

Series
¢ A seriesisasummation of terms

e Common series
— Arithmetic series. 1+2+...+n
— Geometric series. 1+ata+..+a
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Series
Things we want to do:

» Solve exactly
» Bound above or below

* Proveasolution (or bound) is correct
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Closed form solutions to some
Ccommon series

o f(n) =1+2+ ... + n=n(n+1)/2

e f(n) = 1+ata’+.+a"=n if a=1
=(@"-1)/(a-1) e€lse
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Bounds on series

For any constant k:
Saa® £ Sk
= (nk+1)
O(nk+1)
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Recursive Algorithms

Wheat about Sort2?

Sort2(S)
If |ISlk1
Return: S
Else
Return:  Sort2(Smax-element(S)),max-eement(S)

The number of steps of Sort2 satisfies:

T =c,
T(n)=c, + T(n-1), n>1 csu048

Recurrence Relations

Methodsto solve or bound:
— Guess and prove
— Unwinding
— Master method
—WORK TREES
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Guess and Prove

* TO=1
T =1
T(N)=T(n-1) +T(n-2)

¢ Closedform: TODO
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Unwinding

s T()=1

* T(N)=2T(n/2) +n
=2(2T(n4) +n/2) +n
=2(2(T(n/8) + n/4) +n/2) + n
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Master Theorem

* Readthebook

CS140 412




Recursive Algorithm A

* Oninput size nd, algorithm A performsc
steps.

» Oninput size n>d, algorithm A makesk
recursivecallsoninputsof sizen,, n,, ... ,
n, and then takes f(n) stepsto produceits
solution.
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Work Treesfor A
n<d
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Work Treesfor A
n>d
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