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MA(L)

new; cls;
theta=0.5; s2=0.01;

call specmal(theta,s2);

proc specmal(theta,s2);
local n,lambda,spec;
n=101;
lambda=seqga(0,pi/(n-1),n);
spec=(s2/(2*pi))*(1+theta”2+2*theta*cos(lambda));
library pgraph;
graphset;
xy(lambda,spec);
retp(spec);

endp;
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AR(1) ¢ 05

new; cls;
phi=0.5; s2=0.01;
call specarl(phi,s2);

proc specarl(phi,s2);
local n,lambda,spec;
n=101;
lambda=seqga(0,pi/(n-1),n);
spec=(s2/(2*pi))*(1/(1+phin2-2*phi*cos(lambda)));
library pgraph;
graphset;
xy(lambda,spec);
retp(spec);
endp;
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AR(1) ¢ - 05

new; cls;
phi=-0.5; s2=0.01;
call specarl(phi,s2);
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new; cls;
phi={1.6,-0.8}; s2=0.01;
call specar2(phi,s2);

proc specar2(phi,s2);
local n,lambda,spec;
n=101;
lambda=seqga(0,pi/(n-1),n);
spec=(s2/(2*pi))*(1/(1+phi[1]"2+phi[2]"2-2*phi[1]*(1-phi[2])*cos(lambda)-

2*phi[2]*cos(2*lambda)));
library pgraph;
graphset;
xy(lambda,spec);
retp(spec);

endp;
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new; cls;
phi={0.05,-0.4,-0.1}; s2=0.01;
call specarp(phi,s2);

proc specarp(phi,s2);

local n,lambda,i,W,Whbar,k,spec;

n=101;

lambda=seqga(0,pi/(n-1),n);

let i=1i;

W=1; Wbar=1;

k=1;

do while k<=rows(phi);
W=W-phi[Kk]*exp(-lambda*(-i)*k);
Whbar=Whbar-phi[k]*exp(-lambda*i*k);
k=k+1;

endo;

spec=(s2/(2*pi))*(1./(W.*Whbar));

library pgraph;



graphset;
xy(lambda,spec);
retp(spec);

endp;
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ARMA(p,Q)

new; cls;
phi={1.4,-0.7}; theta={-1.05,0.5}; s2=0.01;

call specarma(phi,theta,s2);

proc specarma(phi,theta,s2);
local n,lambda,i,W,Wbar,Q,Qbar,k,spec;
n=101;
lambda=seqga(0,pi/(n-1),n);
let i=1i;
W=1; Wbar=1; Q=1; Qbar=1;



k=1;
if phi/=0;
do while k<=rows(phi);
W=W-phi[K]*exp(-lambda*(-i)*k);
Whbar=Whbar-phi[k]*exp(-lambda*i*k);
k=k+1;
endo;
endif;
k=1;
if theta/=0;
do while k<=rows(theta);
Q=Q+theta[k]*exp(-lambda*(-i)*k);
Qbar=Qbar+theta[k]*exp(-lambda*i*k);
k=k+1;
endo;
endif;
spec=(s2/(2*pi))*((Q.*Qbar)./(W.*Whbar));
library pgraph;
graphset;
xy(lambda,spec);
retp(spec);

endp;

;
f
L
i
g
a
g

AT OMeE

Q0

=
a
]
o

01 00md

AR(p) MA(q)



MA(a) AR(p)

6 ¢
IF
MA(1) AR(q)
MA(a)
Tukey Window
i 2k+1 i 0.5+ 0.5cos(Tt j/K) =0,1,..
Window

proc tukeyspec(bw,y);

local n,w,j,i,a,k.f,p;

if (ow<0 or 0.5<=bw);
errorlog "ERROR:bw must be 0<=bw<0.5";
retp(".");

endif;

n=rows(y);

/* weight of Tukey window */

k=0;

w=1;

=1

do while ( 1/(n*sumc(w”2))<bw ) and ( j<n/2);
a=0.5+0.5*cos(pi*seqa(0,1,j)/j);
k=rows(a)-1;
w=zeros(2*k+1,1);
wlk+1]=a[1];
i=1;
do while i<=k;



w[k+1-i]=a[i+1]; w[k+1+i]=a[i+1];
i=i+1;

endo;

w=w/sumc(w);

=i+,
endo;
if k==0;

errorlog "ERROR:too small bw.";

retp(".");
endif;
/* periodogram of y */
f=seqa(0,1,n)/(2*n-1);
let i=1i;
p=exp(i*2*pi*f*seqa(l,1,n)")*y;
p=abs(p)"2/n;
p=plk:1]1p[1]lpIp[n:n-K];
p=conv(p,w,rows(w),rows(w)+rows(f));
f=0]f;
/* graph */
library pgraph;
graphset;
xy(f,p~zeros(rows(p),1));
retp(f~p);

endp;

Hamming Window
Tukey i 0.54 + 0.46c0s(m j/k) =0,1,..

i Window

proc hammingspec(bw,y);
local n,w,j,i,a,k,f,p;
if (bw<0 or 0.5<=bw);
errorlog "ERROR:bw must be 0<=bw<0.5";
retp(".");
endif;



n=rows(y);
/* weight of Hamming window */
k=0;
w=1;
=1
do while ( 1/(n*sumc(w”2))<bw ) and ( j<n/2);
a=0.54+0.46*cos(pi*seqa(0,1,j)/));
k=rows(a)-1;
w=zeros(2*k+1,1);
wlk+1]=a[1];
i=1;
do while i<=k;
wlk+1-i]=a[i+1]; w[k+1+i]=a[i+1];
i=i+1;
endo;
w=w/sumc(w);
=i+,
endo;
if k==0;
errorlog "ERROR:too small bw.";
retp(".");
endif;
/* periodogram of y */
f=seqa(0,1,n)/(2*n-1);
let i=1i;
p=exp(i*2*pi*f*seqa(l,1,n)")*y;
p=abs(p)"2/n;
p=plk:1]1p[1]lpIp[N:n-K];
p=conv(p,w,rows(w),rows(w)+rows(f));
f=0]f;
/* graph */
library pgraph;
graphset;
xy(f,p~zeros(rows(p),1));
retp(f~p);
endp;



Bartlett Window
2k+1 j
Window

proc bartlettspec(bw,y);
local n,w,j,a,k,i.f,p;
if (ow<0 or 0.5<=bw);
errorlog "ERROR:bw must be 0<=bw<0.5";
retp(".");
endif;
n=rows(y);
/* weight of Bartlett window */
k=0;
w=1;
=1
do while ( 1/(n*sumc(w”2))<bw ) and ( j<n/2);
a=1-seqa(l1,1,j)/j;
k=rows(a);
w=zeros(2*k+1,1);
wlk+1]=1;
i=1;
do while i<=k;
wlk+1-i]=a[i]; w[k+1+i]=a[i];
i=i+1;
endo;
w=w/sumc(w);
=it
endo;
if k==0;
errorlog "ERROR:too small bw.";
retp(".");
endif;
/* periodogram of y */
f=seqga(0,1,n)/(2*n-1);

1-(j/K)

0,1,.



let i=1i;
p=exp(i*2*pi*f*seqa(l,1,n)")*y;
p=abs(p)"2/n;
p=plk:1]1p[1]lpIp[n:n-K];
p=conv(p,w,rows(w),rows(w)+rows(f));
f=0]f;
/* graph */
library pgraph;
graphset;
xy(f,p~zeros(rows(p),1));
retp(f~p);

endp;

Daniell Window
w; 1/(2k+1) =- ,..,-1,01,.., Window
k=2
{1/5,1/5,1/5,1/5,1/5}

proc daniellspec(bw,y);

local n,w,j,k,i,f,p;

if (ow<0 or 0.5<=bw);
errorlog "ERROR:bw must be 0<=bw<0.5";
retp(".");

endif;

n=rows(y);

/* weight of Daniell window */

w=1;

=1

do while ( 1/(n*sumc(w”2))<bw ) and ( j<n/2);
w=(1/(2*j+1))*ones(2*j+1,1);
=i+,

endo;

k=(rows(w)-1)/2;

if k==0;
errorlog "ERROR:too small bw.";
retp(".");



endif;
/* periodogram of y */
f=seqa(0,1,n)/(2*n-1);
let i=1i;
p=exp(i*2*pi*f*seqa(l,1,n)")*y;
p=abs(p)"2/n;
p=plk:1]1p[1]lpIp[n:n-K];
p=conv(p,w,rows(w),rows(w)+rows(f));
f=0]f;
/* graph */
library pgraph;
graphset;
xy(f,p~zeros(rows(p),1));
retp(f~p);

endp;

Parzen Window
i 2k+1 w; 1- 6(j/k)?> 6(j/k)* =0,1,. /2
w; 2(1-j/k)® = [2+1,.k j | Window

proc parzenspec(bw,y);

local n,w,j,k,i,f,p,s,al,a2,a;

if (bw<0 or 0.5<=bw);
errorlog "ERROR:bw must be 0<=bw<0.5";
retp(".");

endif;

n=rows(y);

/* weight of Parzen window */

k=0;

w=1;

=1

do while ( 1/(n*sumc(w”2))<bw ) and ( j<n/2);
s=seqga(1,1,2*));

k=rows(s);



al=1-6*(s[1:k/2]/k)*2+6*(s[1:k/2]/K)"3;
a2=2*(1-s[k/2+1:K]/K)"3;
a=all]az;
w=zeros(2*k+1,1);
wlk+1]=1;
i=1;
do while i<=k;
wlk+1-i]=a[i]; w[k+1+i]=a[i];
i=i+1;
endo;
w=w/sumc(w);
=i+,
endo;
if k==0;
errorlog "ERROR:too small bw.";
retp(".");
endif;
/* periodogram of y */
f=seqa(0,1,n)/(2*n-1);
let i=1i;
p=exp(i*2*pi*f*seqa(l,1,n)")*y;
p=abs(p)"2/n;
p=plk:1]1p[1]lpIp[n:n-K];
p=conv(p,w,rows(w),rows(w)+rows(f));
f=0]f;
/* graph */
library pgraph;
graphset;
xy(f,p~zeros(rows(p),1));
retp(f~p);
endp;
Window Bartlett

Window Daniell



new; cls;
t=seqa(0,0.001,512);
s1=50;

s2=100;

y=sin(2*pi*sl1*t)+sin(2*pi*s2*t)+rndn(rows(t),1);

library pgraph;

graphset;

pggwin many;
xy(t,y);

y=fft(y);

ps=y.*conj(y)*512;

ps=ps[1:256];

f=1000*seqa(0,1,256)/512;
xy(f,ps);

256
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data
2,4,8,16,32,64,128,256,512,..

FTT

FFT



FFT Band Pass

64

new; cls;

load data[91,2]=d:datafilel7.txt;
y=(data[.,2]);

y=cma(y);

n=rows(y);

y=In(y);

y=y[2:n,.]-y[1:n-1,.];

n=rows(y);

y=y[n-64+1:n];

call bandpass(y,6,32,8);

proc(2)=bandpass(y,high,low,k);

local t,a,i,phi,theta,b,c,g;

t=rows(y);

/* the same weight calculation as in Baxter-King filter */

a=zeros(k+1,1);

a[1]=(2*pi/high-2*pi/low)/pi;

i=1;

do while i<=k;
a[i+1]=(sin(i*2*pi/high)-sin(i*2*pi/low))/(i*pi);
i=i+1;

endo;

phi=0;

theta=a[1]+2*sumc(a[2:k+1]);

theta=phi-theta/(2*k+1);

a=a+theta;

/* Fourier Transformation */

b=zeros(t,1);

b[1:k+1]=a;

b[t-k+1:t]=a[k+1:2];



c=real(ffti(fft(b).*fft(y)))*t;

c=c[1:t];

g=y-C;

/* Graph */

library pgraph;

begwind;

window(2,1,1);

setwind(1);
graphset;
ylabel("maginified C");
xtics(0,t,4,0);
xy(seqa(1,1,t),zeros(t,1)~c);

setwind(2);
graphset;
ylabel("Y & Trend");
xtics(0,t,4,0);
xy(seqa(1,1,t),y~g);

endwind;

retp(g,c);

endp;

proc cma(y);
local t,k,m,i,m1,m2;
t=rows(y);
k=cols(y);
m=zeros(t-4,k);
i=1;
do while i<=t-4;
m1=(y[i,.J+y[i+1,.]+y[i+2,.]+y[i+3,.])/4;
m2=(y[i+1,.]+y[i+2,.]+y[i+3,.]+y[i+4,.])/4;
ml[i,.]=(m1+mz2)/2;
i=i+1;
endo;
retp(m);
endp;



GAUSS inverse

ffti(data)
fftmi fftm fftmi
FFT
Band
Pass discrete
DFT
dfft(data)
dffti(data)
new; cls;

load data[91,2]=d:datafilel7.txt;
y=(data[.,2]);



y=cma(y);

n=rows(y);

y=In(y);
y=y[2:n,.]-y[1:n-1..];

call dbandpass(y,6,32,8);

proc(2)=dbandpass(y,high,low,k);

local t,a,i,phi,theta,b,c,q;

t=rows(y);

/* the same weight calculation as in Baxter-King filter */

a=zeros(k+1,1);

a[1]=(2*pi/high-2*pi/low)/pi;

i=1;

do while i<=k;
a[i+1]=(sin(i*2*pi/high)-sin(i*2*pi/low))/(i*pi);
i=i+1;

endo;

phi=0;

theta=a[1]+2*sumc(a[2:k+1]);

theta=phi-theta/(2*k+1);

a=a+theta;

/* Fourier Transformation */

b=zeros(t,1);

b[1:k+1]=a;

b[t-k+1:t]=a[k+1:2];

c=real(dffti(dfft(b).*dfft(y)))*t;

g=y-C;

/* Graph */

library pgraph;

begwind;

window(2,1,1);

setwind(1);
graphset;
ylabel("maginified C");
xtics(0,t,4,0);
xy(seqa(1,1,t),zeros(t,1)~c);



setwind(2);
graphset;
ylabel("Y & Trend");
xtics(0,t,4,0);
xy(seqa(1,1,t),y~g);

endwind;
retp(g,c);
endp;
proc cma
FFT Band Pass
ffti dfft
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