
minepilet ltk

A (x) =

n−1∑
i=0

aix
i

B (x) =
n−1∑
i=1

bix
i

.O
(
n2
)
`vei df ,mincwn zltkd mirvan m` .C (x) = A (x) ·B (x) `evnl mivex

ozip ,(O (n log n) zelr)FFT zervn`a zecewp beviil eze` mikted m` ,ipy cvn
mincwn beviil xifgdl f`e ,O (n)a ze`vezd z` xagle cxtpa zecewp bef lk litkdl

.FFT zervn`a

dnbec

A (x) = 4 + 3x+ 2x2 + x3

B (x) = 3 + x2 + 2x3

liaya - la` .zecewp 7 mikixv ep` xnelk ,degC = 6 okle degA · degB = degC
mepilet lk milyp okle ,C zlrnn dlecbd zecewp 2 ly dnly dwfg jixv FFT

(zecewp 8 mb okle)mincwn 8 xnelk - 7 dlrnl

A : (4, 3, 2, 1, 0, 0, 0, 0)

B : (3, 0, 1, 2, 0, 0, 0, 0)

:miiwzn FFT itl .w = cos
π

4
+ i sin

π

4
gwip okle ,w8 = 1y jk w dcewp dvxp

A (x) = Aeven

(
x2
)
+ xAodd

(
x2
)

A (x) = 4 + 3x+ 2x2 + x3 = Aeven (x) + xAodd

(
x2
)

Aeven (x) = A0246 (x) = 4 + 2x

A0246 (x) = A04

(
x2
)
+ xA26

(
x2
)

A04 (x) = A0 (x) + xA4 (x) = 4
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A26 (x) = A2 (x) + xA6 (x) = 2

A0426 (x) = ...

A1357

(
x2
)
ipyd cvd xear xac eze`e ,d`ld oke

`id zeikeaiqd okle ,dirad z` minvnvn epgp` mrt lka

T (n) = 2T

(
n

2

)
+ o (n) = o (n log n)

miyer ik)x = −1 xear mb rcp df itle ,x = 1 xear mrt lk ,dlrn itlk aygp
(x2 lr

A0 (1) = 4, A4 (1) = 0

A04 (1) = A0 (1) + 1 ·A4 (1) = 4 ⇒ A04 (−1) = 4

A26 (1) = 2, A26 (−1) = 2

A0246 (1) = 4 + 2 = 6

A0246 (−1) = 4 + 2i

A0246 (i) = 4− 2 = 2

A0246 (−i) = 4− 2i

miyere zecewpd z` militkn f`e ,ipyd mepiletd mre zecewpd x`y mr xac eze`
.mepilet ly mincwnl df z` xifgdl ick - jetd FFT

libxz

:ifhxwd mekqd z` aygl mivex .0−10n geeha `"k mixtqn n ly mihq Be A eidi

C = {x+ y|x ∈ A ∧ y ∈ B}

.Bn xai`e An xai` ly mekqk ynenn Ca xai` lky minrtd 'qn z` oke
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oexzt

xai`y minrtd 'qne ,zewfgd md dveawa mixai`dyk ,mepiletk dveaw lk bivp
zeveawd z` lynl .mcwnd df dveawa riten

A = {1, 3, 7, 6}

B = {2, 5}

xeza bivp

A (x) = x+ x3 + x6 + x7

B (x) = x2 + x5

'qne ,0 6=xi ly mcwnd m` Ca riten i xai` .FFT ,minepilet zltkd dyrp
O (10n log (10n)) = O (n log n) - zelr .xi ly mcwnd `ed zertedd

libxz

i ≡ lkl m` t xefgn zlra `id Sy xn`p .zix`pia zfexgn S = s0s1...sn−1 idz
si = sj j mod t

(S ly xefgn ty jk il`nipind t)S ly il`nipind xefgnd - T (S)
T (S) z` aygl dvxp ,S ozpida

iai`p mzixebl`

O
(
n2
)
- mixefgnd lk z` wecap

mkg xzei oexzt

s0...sn−t−1 = st...sn−1 m` t xefgn yi Sl
xicbp

p (x) =
n−1∑
i=0

(−1)
si xi

q (x) =
n−1∑
i=0

(−1)
sn−i−1 xi

md eincwny C (x) mepilet `id mdly dltknd

Ck =
k∑

i=0

aibk−1

Cn−k−1 =

n−k−1∑
i=0

piqn−k−1−i
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=
n−k−1∑
i=0

(−1)
si (−1)

sn−(n−k−1−i)−i

=

n−k−1∑
j=0

(−1)
si (−1)

sk+i =

n−k−1∑
i=0

(−1)
si+sk+i

= |{i|si = sk+i, 0 ≤ i ≤ n− k − 1}| − |{i|si 6= sk+1, 0 ≤ i ≤ n− k − 1}| = res

k jxe`a xefgn yi ⇔ res = n− k m`
.k jxe`a xefgn yi ⇔ n− k = Cn−k−1

xefgnd .Ci = n− k m` wecap i = n− k − 1 xear f`e ,Ci mincwnd lr xearp
.df z` miiwny ilniqwnd id `ed ilnipind
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