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x=[ x X. | =2"%x, + xq

y=[ W Ve |=2"4Y 4+ W

Xy = (Zn/zxL + XR)(Zn/ZYL + )’R) = 2"x,y; + 22 (x,yg + XRYL) + XRYR

- FIFA5a (Divide-and-conquer) 737%, EFEMNOMA)EZE0(n'>?)
r(n)=4T(n/2) + 0(n)



Pia EZRNES B

(a)

(b)

10110010 x 01100011

1011 x 0110

0010 x 0011

1101 x 1001

Size n

||

| [Size n/t] | |

oooooo

log n
levels



ZInzVitHE

- RS SRFR 2 IR ST
(1+2x+3x2) - (2+x+4x%) =24 5x + 12x% + 11x3 + 12x*

- EX.
A(X) = ag + agx + -+ agx?
B(x) = by + byx + -+ + bgx“
- Tk, 18
C(x) = A(x)-B(x) = co + c1x + -+ + cygx2
k

Cr = Clobk + albk—l + -+ (lkbo = Z aibk_l-
=0

Fi>d, La;=b=0
HHoREO (DS, BERERE2 + 1MRERE0 (n? ) SRE



ZInzVitHE

s PN RZINA(X) = ag + ayx + -+ + agx “*WHATFRTE?
8 glﬁjitlz%%&- aO) al) ey ad
= ZIRTCEUE: A(xg), A(xy), ..., A(xy)

“C(x)=A B 2d)RZIN 142d + 1 R3F
(%) = A(x) - B(x)792dIREZ TR, RE HHd < nREMAEFE—=
- BRIA(x), A(xq), ..., A(X2q+41), B(xo), B(x1), ..., B(x2441) WMEMEEZE0 (), Eits
ﬂf@c(xo), C(x1), ..., C(x2441) 1+n,§ﬂ}11§§7k}§7'~70(n2)
- R %R B E Z TR B E
Evaluation
Coefficient representation ~| Value representation
Ao, A1y ...,0¢ - A(I’Q),A(Qfl),...,A(ﬂfd)

Interpolation



gIATiEIZ-EE'Jﬁ

* AMENZEFFED R RIRELS n — 1RZIRTVA () BUE?

tXg, £Xq, -
AT Ax)FIA(—x) BB BUEBES, fJLAEITER
34 4x +6x% 4+ 2x3 4+ x* +10x°

- EIs

" Eixn. +X1, ...

Evaluate:

Equivalently,
evaluate:

aitE

y TXn/2-1

A(x) = Ap(x?) + xA,(x?)

A(x;) = Ae(xl-z) + xl-AO(xiZ)
X oA MTTERAO) A IER /20 RAXE, ...

— X4, (xlz)

A(x

A v

Ae(r) and Ao(x) | .. 22 2 e
/92—

degree <n/2 —1

= (3 4+ 6x? +x*) + x(4 + 2x% + 10x*)

X2 5 _AMTEAL ()FIA, (%)

T(n) =2T(n/2) +0(n)

= 0(nlogn)



FFTHIZIRZUEE

-MNTFHBE, HESITELS, .. 1, AE, EXRSFEFNIERERI A EE4 05T

- Rz = 1A R, L0, 0%, ..., 0" w= en. ane@E,
N MRABHIRLIERRS, ™2 = —w/
-Rﬂ‘n/M‘ESIZH?%:ZEUzg = 1HIAR

AR
\/
N

+1

ET1L o w0, 0", EXZM
AT E R HFFT:
(values) = FFT ({coeff), w)

EF1, 0,02 ..., 0", EXZIN
NIR{E R EFFT:

(coeff) = —FFT((values) w™ 1)




FFTHIZIRZUEE

degree < n — 1

Evaluate: at: +xr9 —x0 HT1 —T1 - +T 01 —Tp/2-1

Equivalently, Ae(z) and Ao (z) at: 2 7\1/2 2
evaluate: degree < n/2 —1 ' ~0 1 ‘n/2—1
function FFT (A, w)
Evaluate A(x) Evaluate Input: Coefficient representation of a polynomial A(x)
at nth roots Ae(z), Ao(2) of degree <n—1, where n is a power of 2
of unity at (n/2)nd

w, an nth root of unity
Output: Value representation A(w?),..., A(w™ 1)

roots

Divide and
conquer
=

if o=1: return A(1)

express A(x) in the form A.(x?) + xA,(x?)
call FFT(A., »*) to evaluate A, at even powers of w
call FFT(A,, »*) to evaluate A, at even powers of w
for j=0 to n—1:

compute A(w’) = Ac(@?) + o’ As(w?’)

(n is a power of 2)

return A(o?),..., A(0™ )



FFTRZINzUIRRE

- —RETRITH

[ A(xp)
A(?Cl)

A1),

- ZITUREREITFIP AR

- ETFFFTERREVENE
1 1 1
1 ) w?
1 w? w?
M, (w) = 5
1 w’ w?2)
| LD -1

1 X X4
— 1 X1 xlz
1 :
2
11 Xp—1 Xp—1

wn—l

wz(n— 1)

w(n_l)j

w-D@-1) |

< W
— w

— a)n—l

= BEM, (0)HIMER

- M, (0)BIFIEEIER, BJ{fERA—HE
(Fourier Basis) , BM,,(w)M, (w)* = nl

* FIM,, () 1ESRES TXI B T 3R
" My, () RIEFEREE B U TER

MM@*=%«AWQ

o] BT &L FFTRYLTE

- FFTHEHEBTFXEEEa = (ag, ..., 1) SM, (o)

(HERIEIR(E




B ERINFFTHSAEE

FEREREM, (), ATTRERESE AR R aRiA

Column Column

ai
a3

n—1

I‘: ch 2k |+ 1 21’0 Qk‘Jr 1
| agp ! ! g ! | ag
Z; a:z Row j— w2k wi 2k (1:2
j 4 WL Zz _ j w2k Wi - w2k | A2 _ an_2
ai ai
a? j+n/2 -+ wik —wI - W2k a?
1 an;l a.n',l
My (w) a Even 0Odd
columns columns
= => > n n ~ B
« FOFIR g, ., an_AORERETREEAL 2N x YERETE "
Row It *‘n"fn./Q . -+ wd ﬂ[n/‘z
* Mn(w?)F(ag, az, -, an_2) LA (ay, as, ..., an_1 )HE3R an—2
2
ao
a
J+ ﬂ,/?—— in‘fn/Q . — W ﬂfn/?
Ay, —2

ai
as

an—1




FFTEZ

- BT 0iaBIERYFFTRIA

function FFT(a, w)

Input: An array a=(ap,a,...,a,—1), for n a power of 2
A primitive nth root of unity, w
Output: M,(w)a

if w=1: return a

(305 Sls tre 571/2—1) = FFT((GOa aZa MRS al’l—z)a wZ)
(56a Sia e 5;1/2_1) — FFT((al’ as, ..., arl—l)s wZ)

for j=0 to n/2—-1:
rj=sj+ s
Fjnz = Sj — @]
return (ro,ry, ..., 7—1)

FFT, (input: ag,..

.,a,_1,output: rg,...

ag —i
a2 —j

Ay —2 ]

FFT,,

a] —
as —

Ap—1—]

FFT,, o

7+ n/2

s Tn—1 )

T_'jJr-n,/’Q
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000

100

010

110

001

101

011

111

000

001

010

011

100

101

110

111
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