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Running time

If the input consists of a strings each of length k
then running time 0 kn

Numbers

If input consists of in strings each of d digits
in base b then run time 0 d btw

d phaseses

each phase count sort of n numbers in 0 b 1



Sorting n numbers in 1 m in O n time

each number in base n

digits 2

Applying radix sort O 2 min of

R E 1 m a b

can be written as

a an b

a w Osb n 1



Stortunting inversions

ff.iomitffmcia.n an n

g x bo bar bn 1 an 1

f Ao A1 An 2

0 P f x g x cini



Ci Eg AjDi j

To find Ci i 1 multiplications i additions

Time Ef 2i 1 0 n

Goal Improve to O n logn

n 2 f do AIR

g bo bin Similar to

integer multipli
cation

coeffof x Ao as bo b Aob asbe



We can find f g using 3 multiplications

f o A g o b

1 do as ga b g
it 4 911 flo gl

5111 101 941 910

fl 1 do As g 1 bo b

f x g x Co GR Gk

c flo g o System of linear
Gtc f 1 g 1 equations

co C1 C2 f 1 g 1



h x Co Cak Cased

If we know h x h Re h Ra we can find
Co Cs Cd

h x Co Can Case

h 0 Co

h 1 Co C1 Cr

n 2 Co 24 4C



1 No No nod

1 ne ni xp
f

1 Rd Rd Nad In yd

invertible matrix
h Ni Yi

8111 Find f R1 f x2 f nd If deg f degg
N 1

g x1 g x2 g nd Then we need

d 2n 1

to get all coefficients



Steps Find f R1 g a f R2 g x f Ra fled

To find f R1 O n time a an ax

do x as x as
step 1 0 m

Step 2 O n
a.to naF
amAo
Rp
A1

Np
ar
xp
as



itttnDFTn
ao.as an gt 11 nn

s

511 fWn fwit wn eatin

DFTs 1 2 4 1 2n 4m

3 1 2W 402 1 2w w Ws W

W n é2ti n

DFTn Ao A1 an f 1 f W n f WE



If DFTn Ao As An 2 bo be bn 1

then DFT n bo.be bn 1 Ao A1 An 2

We can find DFTn Go An 1 in O n log n time

f R Go Ask An 1 2n t

Ao As m Ayx

x as as x As x



f x fever x 2 food R

feven y do Azy any degrees

food y As As y as y

f 1 f Wn f Wi f wit

f x fever x2 x food x2

Recursively find
DFTrys fever DFTryz food



DFTM fever 1 feven WI feven II
fever

i
Need feven 1 feven Wi feven win

we e e wt

Wyk whk



Given f of degree n 1

recursively find DFTry fever DFTns food

Find DFTn f using n additions

T n T N2 O n

T n O n log n

Fast Fourier Transform name of the algorithm to find DFT



f x 1 n 2m 4m

g x 2 3N m x deg prod 6

takealpowyrofbs.tl1 f wt f WI f Wi Convenience

work with powers
g 1 g WI g Wf g WI of 2

h x f x g x

Find h r h Wf h WI hWI

Coefficients of h x DFT h s hWf h WI


