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VY FFT D)GH
Fast Fourier Transformation(FFT) & 7 — Y TE#(H D WE TV 5 L (@R 7 — Y -1.57
IZMRDFT))E, BEBAEY T LY —%86, BRLEREDZODETEDN L
TW3, BERERZEZIAE, BEREEICKZERONEETHD. REAICZDILHEH > X:=array(datal):
p N - N N - L Y:=array(l..256,sparse):
ZRick, EOLSBEETFFTAEWTWS N ERFHT 5. > FFT(8,X,Y);
256
NI I TAN =
VY BB R [> Data2:=[seq([i,sqrt(X[i] 2+¥[i]*2)],i=1..128)]:
[> restart: > logplot(Data2);
[> datal:=[]; 100
for i from 1 to 256 do
datal:=[op(datal),evalf(sin(i/13))+evalf(sin(i/2))]; 50
end do:
datal = [ |
> plot([sin(x/13),sin(x/2)],%x=0..300); 10
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> with(plots): VEEKEZ7 1LY —
listplot(datal); - “
> fl:=t->subs(a=10,b=40000,c=380,d=128,a+b/ (c+(t-d)"2));
S = t—subs [a: 10, 5=40000, ¢= 380, /=128, a + EEE——
ct (1—d)
> plot(fl(t),t=1..256);
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L #T:=[seq(evalf(rand()/10712),i=1..256)]:
| > with(plots):
> listplot(T);
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> Idata:=array([seq(0,i=1..256)]):

> Rdata:=convert(T,array):
> FFT(8,Rdata,Idata);

256

> logplot (Adata);
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> filter:=x->piecewise(x>=0 and x<=20, (1-x/20)):
L #filter:=x->piecewise(x>=0 and x<=20,1);
> plot(filter(x),x=0..40);

> T:=[seq(fl1(i)*(0.6+0.8*evalf(rand()/10712)),i=1..256)]:

i> Adata:=[seq([i,sqrt(Idata[i]"2+Rdata[i]"2)],i=1..128)]:
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E> FRdata:=array([seq(Rdata[i]*filter(i),i=1..256)]):

E> FIdata:=array([seq(Idata[i]*filter(i),i=1..256)]):
> iFFT(8,FRdata,FIdata);

256
[> listplot(FRdata);
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[> plot([sin(x)*sin(3*x)],x=0..2*Pi,
color=black);
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> for i from 1 to 5 do

for j from 1 to 5 do
S:=int(sin(i*x)*sin(j*x),x=0..2*%Pi);
print(i,j,s);

end do;

end do;

J F(x)q)m(x) dx
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[> restart;

> #F:=x->piecewise(x=0,1/2,x>0,x);
#F:=x->piecewise(x<1/2,x,x>=1/2,1-x);
#F:=x->piecewise(x<1/2,-1,x>1/2,1);
F:=x->piecewise(x<1/2,-1,x>=1/2,1);
#F:=x->piecewise (x>0 and x<1/2,-1,x>1/2,1);
#F:=x->x-1/2;

plot(F(x),x=0..1);
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> KK:=2;
N:=2"KK;L:=1-0;

YV BEEMC LB T— U TR
[> 2*%Pi*1/L*x;
2@y (3.2.2.1)

> int(F(x)*cos(2*Pi*1/L*x),x=0..L);
0 (3.2.2.2)
> for n from 0 to N do

a[n]:=2/L*int (F(x)*cos(2*Pi*n/L*x),x=0..L);
end do;
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> for n from 0 to N do
b[n] :=2/L*int (F(x)*sin(2*Pi*n/L*x),x=0..L);

end do;
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> for n from 0 to N do

c[n]:=1/L*int (F(x)*exp(-I*2*Pi*n/L*x) ,x=0.

end do;
for n from 1 to N do

c[-n]:=1/L*int (F(x)*exp(I*2*Pi*n/L*x) ,x=0.

end do;
Note that:

a[n]=c[nl+c[-n], b[n]=l (c[n}-c[-n])
c[-nl=1/2 (a[n] + b[n]), c[n]=1/2 (a[n]- | b[n])

%::0
21
o= —
T
2
—1
L3
3 T
Q::O
21
=
T
c,=0
2
—1
3

-L);

L)

ViE

] =0

[> Fl:=unapply(sum(evalf(c[i]*exp(I*2*Pi*
< (N-1)),x):
> plot ({Re(Fl(x)),F(x)},x=0..1);
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KK:=3;
N:=2"KK;L:=1-0;
KK =3
N=8
L=1 (3.3.1.1)

for k from 0 to N-1 do
c[k]:=evalf (sum(F(i*L/N)*exp(-I*2*Pi*k*i/N),i=0..N-1));
end do;

%::0.

¢ = -2+ 4828427124 1

¢ = -2.40.828427124 1

¢ = -2.—0.828427124 1

¢, = -2. — 4.828427124 1
Fl:=unapply(sum(evalf(c[i]*exp(I*2*Pi*i/L*x)/N),i=0..
(N/2-1))+
sum(evalf(c[N-i] *exp(-I*2*Pi*i/L*x)/N),i=1..(N/2-1)),x)

élot({Re(Fl(x)),F(x)},x=0..1);
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c F4F 128 16384 448 0.02734
0 11 1 1 00 0 O 0 4 256 65536 1024 0.01562
; g ogmn o ne e
F +F .
Cl 00 0 0 1 2z z z 1T 2048 4194304 11264  0.00269
ol |12 e o e e ai v
2 1z z 2z 0000 2 6 16384 268435456 114688 0.00043
3 6 E4F 32768 1073741824 245760 0.00023
¢, 00 O O 1z z z T, L 65536 4294967296 524288 0.00012
= 4 4 > with(plots):
c, 12 1 2z 00 0 O FO—F4 Warning, the name changecoords has been redefined
5 o 7 > 11:=plot(dN2):
C 00 0 0 1z z z F-F | 12:=plot(dFft):
5 5 > display(11,12);
6 4 2
c, 1z z z 0 0 0 O F??_Fa 4. x10° -
c 000 01 2 2° 2| F-F
’ . w7 3. % 10°
EFBIEMNTES, T, z =-1EEFE>TWS, ARIORI NLDEET
AX92H, THOFOHEDOEHZH:NICTHST I ENTES. BETELHN 2. x10°
Tz Bnid, RUSEZISICEEHBZIENTEZESTHD. Z50LT, X
R EFERIHZRS UTW ZEDNTEET, REMICTIIED OSEN—TIHR <R 1. x 10°
3. E50IF, HRIONRI NLORUESIZERIFICRS.
ZONRY NLOEHEDEIF, —RIEUEHZS T, ZOREDIRTERENNMD r r r T T T
Z3EBONB. LHL, &<HANTHNE BLCY NEETLET 32 L i 010000 30000 60000
AEETHDZEMHBLE., 50T, 20BHEDT—Y DHEICT UL TIE, BHT > 1ll:=logplot (dN2):
o I P - SETES & o L 12:=logplot(dFft):
BECT—UIERZERTI DI DAL R T, > display(11,12);
FFTTOEERKIE, T—IHENET D E
Nlog N le+09
) 2 le+08
ERB. BGIBEEON BT D E, UTDLSIERD, Enktirg&ikah le+07
TWBHIHEFREINK S, 1e+06
le+05
> dN2:=[]; -1e3
drft:=[]; led
for i from 2 to 16 do
N:=2"i; 1e3
n2:=N*N; de2
Fft:=N/2*1log[2] (N); ; ; . .
Fft/n2; 0 20000 40000 60000
ﬁﬁi?ifépﬁgg)f%ﬁ?néﬁ? %10.5f\n" ,N,n2,Fft,evalf (Fft/n2)); s 11:=loglogplot (dN2):
dFft:=[op (dFft), [N,Fft]]; L 12:=loglogplot(dFft):
end do: > display(11,12);
aN2=1 ]
drfi=1 ]
4 16 4 0.25000
8 64 12 0.18750
16 256 32 0.12500
32 1024 80 0.07812
64 4096 192 0.04688
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[> RK:=3;
N:=2"KK;i:="i";
xl:=array([evalf (seq(F(i/N),i=0..N-1))]);
yl:=array([evalf(seq(0,i=0..N-1))]);
KK =3

N=28

x/::[ -1. -1. -1. -1. 1. 1. 1. 1.]

p/=10.0.0.0 0. 0. 0. 0. |

> FFT(KK,x1,yl);

> print (x1);print(yl);
[0., =2.000000001, 0., -1.999999999, 0., -1.999999999, 0.,

-2.000000001 ]
[0. 4.828427122 0. 0.828427124 0. -0.828427124 0. 74828427122]

> F2: -unapply(sum(evalf((x1[1]+I*y1[1])*exp(I*Z*Pl*(l 1)
/L*x)/N),i=1..N/2)+
sum(evalf((xl[N i+2]+I*yl[N-i+2])*exp(-I*2*Pi*(i-1)/L*
x)/N),i=2..N/2),x):

> plot({Re(F2(x)),F(x)},x=0..1);
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