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EvALUATE(P[0..n], x): Murtipry(P[0..n],Q[0..m]):
X1 (X=x7) forj—Oton+m
App(P[0..n],Q[0..n]): .
e=0 forj—0Oton R[j] <0

forj<—Oton
y<y+P[jl-X

forj—Oton

R[j] < P[j]+Qlj] fork —O0tom

return R[0..n]

XX -x R[j+k]<R[j+k]+P[j]-Q[k]
return y return R[0..n + m]
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n—1
P*[j] := p(w{l) — Zp[k]a){]k
k=0

RaDIX2FFT(P[0..n—1]):
ifn=1
return P

forj—O0ton/2—1 evtn

Uljl<P[2j] < .
V[j]— P[2j+1] < o3
’> —/T(w/-z,\

oL~ U* « RADIX2FFT(U[0..n/2—1]) <7

V* « RaDIX2FFT(V[0..n/2—1]) =+— T (w)Z)
~ w, < cos(2E) +isin(3E)

w1

forj—0ton/2—1
P*[j] < U'[jl+w-V*j]
P*[j+n/2] < U[jl—w-V*[j]
W~ W w,

return P*[0..n—1]
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FACTORFFT(P[0..pg—1]):
((Copy/typecast to 2d array in row-major order))
forje~0top—1
fork«—0toq—1
ALj, K] PLjp+K]

((Recursively apply order-p FFTs to columns))
forke—0togq—1
B[:,k] < FFT(A[-, k])

{(Multiply by twiddle factors))
forje~0top—1
fork<—0toq—1

B[-,k] « B[, k] - /¥

((Recursively apply order-q FFTs to rows))
forj<Otop—1
Clj,-] < FFT(CLj,])
((Copy/typecast to 1d array in column-major order))
forj<0Otop—1
fork«—0tog—1
P*[j +kq] < C[j, k]

return P*[0..pq—1]

Figure A.2. The Gauss-Cooley-Tukey FFT algorithm
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\ LemmaA.1. V1 =V/n

INVERSEFFT(P*[0..n—1]):
P[0..n—1] « FFT(P*)
forj—0Oton—1

P*[j]1< P*[jl/n
return P[0..n—1]

INVERSERADIX2FFT(P*[0..n—1]):
ifn=1
return P

forj—0Oton/2—1
U*[j] < P*[2]j]
V*[jle P [2j+1]
U « INVERSERADIX2FFT(U*[0..n/2—1])
V « INVERSERADIX2FFT(V*[0..n/2—1])
w_nhcos(zT")—isin(zT")
w1
forj—0Oton/2—1
P[j] < Uljl+w-V[jD/2
P[j +n/2] — WIj1-@- V[j])/2
W wew,

return P[0..n—1]




FFTMurtipLy(P[0..m—1],Q[0..n—1]):
forjeemtom+n—1
P[j]<0
forje—ntom+n—1
Qljl<0
1, P* < FFT(P)
-2 Q* « FFT(Q)
Ol-lo h\_’_ forje~0tom+n—1
3 R~ PL1-Q'L)
~— return INVERSEFFT(R*)
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