5.15 Kernel (2) ver.0.1

Kernel Bivariate
Kernel Density Bivariate Normal
Variance Covariance
x=rndn(n,2)*chol(vc);

Variance Covariance Cholesky
Cholesky
Variance Covariance
o rndn(n,1)*sigma N(0,4)
Covariance Cholesky
plotbikern
Standardized
new; cls;
library pgraph;
graphset;
n=50;
ve={2 0.7,
07 2 }

rndseed 1;

x=rndn(n,2)*chol(vc);

call plotbikern(x,vc);

proc plotbikern(x,vc);
local pointl,point2,points,i,j,dens,kern,x0;
pointl=sega(minc(minc(x[.,1]),(maxc(x[.,1])-minc(x[.,1]))/98),99);
point2=sega(minc(minc(x][.,2]),(maxc(x[.,2])-minc(x][.,2]))/98),99);
points=pointl~point2;
i=1; dens=zero0s(99,99); kern=zeros(99,99);
do while i<=99;
=1
do while j<=99;
X0=points][i,1]~points[j,2];
densli,j]l=inv(2*pi)*inv(sgrt(det(vc)))*exp(-0.5*x0*inv(vc)*x0");



kern[i,j]J=kerneldens(x0,x);
j=itL
endo;
i=i+1;
endo;
/* Plot graphs */
begwind;
window(2,2,0);
setwind(1);
graphset;
title("True Bivariate Normal Density");
surface(pointl',point2,dens);
setwind(2);
graphset;
contour(pointl',point2,dens);
setwind(3);
graphset;
title("Kernel Density");
surface(pointl',point2,kern);
setwind(4);
graphset;
contour(pointl',point2,kern);
endwind;
retp(kern);
endp;

proc kerneldens(x0,x);
local n,k,h0,hh,invs,dets,u,kn;

n=rows(x);

h0=1; /* ho depends on the type of kernels.

hh=h0*n”(-1/6);
invs=inv(chol(vcx(x)));
dets=sqrt(det(vcx(x)));
u=(x0-x)./hh;
kn=kernels(u*invs,"gauss");
retp(sumc(kn)/(n*((hh~2)*dets)));

*/



endp;

proc kernels(u,types);
local kv;
if types$=="uniform";
kv=0.5*(abs(u).<=1);
elseif types$=="gauss";
kv=(1/sqrt(2*pi))*exp(-0.5*u"2);
elseif types$=="triangular";
kv=(1-abs(u)).*(abs(u).<=1);
elseif types$=="
kv=(15/16)*((1-u"2)"2).*(abs(u).<=1);
elseif types$=="triweight";
kv=(35/32)*((1-u"2)"3).*(abs(u).<=1);
elseif types$=="epanechnikov";
kv=0.75*(1-u"2).*(abs(u).<=1);

else;

biweight";

errorlog "ERROR: Type must be either of the following:";
errorlog "uniform/gauss/triangular/biweight/triweight/epanechnikov";
endif;

retp( prodc(kv') );

endp;
Univariate Kernel
kv prodc(kv’)
procedure sumc(kn)/(n*((hh"2)*dets))
X0  Univariate
Kernel procedure kn=kernels(u*invs,"gauss");
invs=inv(chol(vcx(x))); standardized
o hO
hh=h0*n”(-1/6);
(-1/6) -0.2
(-1/6) True Density
densli,j]=inv(2*pi)*inv(sqrt(det(vc)))*exp(-0.5*x0*inv(vc)*x0"; Kernel
kern[i,j]l=kerneldens(x0,x); 99x 99
99x 99

98 99x 99



contour 99

True Density
Kernel Density
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Kernel Regression( )

Univariate Regression
OoLS
yhat Kernel Regression ghat

Bo B u

Bo B u
1000 1 4 [0,5] N(0,1)

new; cls;
library pgraph;
graphset;
rndseed 1000;



[* Simulation */
n=100;
x=5*rndu(n,1); u=rndn(n,1); b={1,4};
y=(ones(n,1)~X)*b+u;

/* Regression */
ghat=kernelreg(y,x);
x1=ones(n,1)~Xx;
yhat=x1*(inv(x1'x1)*x1'y);

I* Plot */
data=sortc(x~ghat~yhat~y,1);
_plctrl={0,0,-1};

_psymsiz=1;
xy(data[.,1],data[.,2:4]);

proc kernelreg(y,x);
local n,k,h0,h,invs,i,u,kv,w,ghat;
n=rows(x); k=cols(x);
h0=1; /* hO depends on the type of kernels. */
h=h0*n"(-1/(k+4));
invs=inv(chol(vcx(x)));
i=1; ghat=zeros(n,1);
do while i<=n;
u=(x[i]-x)./h;
kv=kernels(u*invs,"epanechnikov");
w=Kkv./sumc(kv);
ghat[i]=w'y;
i=i+1;
endo;
retp(ghat);
endp;

proc kernels(u,types);
local kv;
if types$=="uniform";
kv=0.5*(abs(u).<=1);

elseif types$=="gauss";



kv=(1/sqrt(2*pi))*exp(-0.5*u2);

elseif types$=="triangular";
kv=(1-abs(u)).*(abs(u).<=1);

elseif types$=="biweight";
kv=(15/16)*((1-un2)"2).*(abs(u).<=1);

elseif types$=="triweight";
kv=(35/32)*((1-un"2)"3).*(abs(u).<=1);

elseif types$=="epanechnikov";
kv=0.75*(1-u"2).*(abs(u).<=1);

else;
errorlog "ERROR: Type must be either of the following:";
errorlog "uniform/gauss/triangular/biweight/triweight/epanechnikov";

endif;

retp( kv );

endp;
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Kernel OLS OLS

kv=kernels(u*invs,"epanechnikov"); Kernel



u invs Kernel

w=kv./sumc(kv); w'y

Kernel Regression
Kernel Regression Polynomial y=2X3-X2+3X +u

u
100 [-2,2]  N(0,2)

new; cls;

library pgraph;

graphset;

rndseed 1000;

[* Simulation */
n=100;
x=4*rndu(n,1)-2; u=2*rndn(n,l1);
y=2*X"3-x"2+3*X+U;
yhat=2*x"3-x"2+3*X;

/* Regression */
ghat=kernelreg(y,x);

I* Plot */
data=sortc(x~ghat~yhat~y,1);
_plctrl={0,0,-1};

_psymsiz=1;
xy(data[.,1],data[.,2:4]);

proc kernelreg(y,x);
local n,k,h0,h,invs,i,u,kv,w,ghat;
n=rows(x); k=cols(x);
h0=1; /* hO depends on the type of kernels. */
h=h0*n"(-1/(k+4));
invs=inv(chol(vcx(x)));
i=1; ghat=zeros(n,1);

do while i<=n;



u=(x[i]-x)./h;
kv=kernels(u*invs,"epanechnikov");
w=kv./sumc(kv);
ghat[i]=w'y;
i=i+1;

endo;

retp(ghat);

endp;

proc kernels(u,types);
local kv;
if types$=="uniform";
kv=0.5*(abs(u).<=1);
elseif types$=="gauss";
kv=(1/sqrt(2*pi))*exp(-0.5*u"2);
elseif types$=="triangular";
kv=(1-abs(u)).*(abs(u).<=1);
elseif types$=="
kv=(15/16)*((1-un2)"2).*(abs(u).<=1);
elseif types$=="triweight";
kv=(35/32)*((1-u~2)"3).*(abs(u).<=1);
elseif types$=="epanechnikov";
kv=0.75*(1-u"2).*(abs(u).<=1);

else;

biweight";

errorlog "ERROR: Type must be either of the following:";
errorlog "uniform/gauss/triangular/biweight/triweight/epanechnikov";
endif;
retp( kv );
endp;

procedeure
Kernel Regression
Regression Polynomial

u yhat
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Bivariate

Bo B:1 1 B2 2 u
Bo B B 1 2 u
100 2 3 4 [0,5] [0,5] N(0,1)

new; cls;

library pgraph;

graphset;

rndseed 1000;

[* Simulation */
n=100;
x=5*rndu(n,2); u=rndn(n,1); b={2,3,4};
y=(ones(n,1)~X)*b+u;

/* Regression & Graph */
ghat=kernelreg(y,x);



proc kernelreg(y,x);
local n,k,h0,h,invs,i,u,kv,w,ghat,pointl,point2,points,x0,j,x1,bhat,yhat;
n=rows(x); k=cols(x);
h0=1; /* hO depends on the type of kernels. */
h=h0*n"(-1/(k+4));
invs=inv(chol(vcx(x)));
pointl=sega(minc(X[.,1]),(maxc(x[.,1])-minc(x[.,1]))/98,99);
point2=sega(minc(X[.,2]),(maxc(x[.,2])-minc(x[.,2]))/98,99);
points=pointl~point2;
i=1; ghat=zeros(99,99);
do while i<=99;
=1
do while j<=99;
X0=points][i,1]~points[j,2];
u=(x0-x)./h;
kv=kernels(u*invs,"gauss");
w=kv./sumc(kv);
ghat[i,j]=w'y;
j=it+L
endo;
i=i+1;
endo;
x1=ones(n,1)~Xx;
bhat=inv(x1'x1)*x1'y;
i=1; yhat=zeros(99,99);
do while i<=99;
=1
do while j<=99;
X0=1~points[i,1]~points]j,2];
yhat[i,j]=x0*bhat;
j=itL
endo;
i=i+1;
endo;
/* Plot panel graphs */
begwind;



window(2,2,0);

setwind(1);
surface(pointl',point2,yhat);

setwind(2);
contour(pointl',point2,yhat);

setwind(3);
surface(pointl',point2,ghat);

setwind(4);
contour(pointl',point2,ghat);

endwind;

retp(ghat);

endp;

proc kernels(u,types);

local kv;

if types$=="uniform";
kv=0.5*(abs(u).<=1);

elseif types$=="gauss";
kv=(1/sqrt(2*pi))*exp(-0.5*u"2);

elseif types$=="triangular";
kv=(1-abs(u)).*(abs(u).<=1);

elseif types$=="biweight";
kv=(15/16)*((1-u~2)"2).*(abs(u).<=1);
elseif types$=="triweight";
kv=(35/32)*((1-u"2)"3).*(abs(u).<=1);
elseif types$=="epanechnikov";
kv=0.75*(1-u"2).*(abs(u).<=1);
else;
errorlog "ERROR: Type must be either of the following:";
errorlog "uniform/gauss/triangular/biweight/triweight/epanechnikov";
endif;
retp( prodc(kv') );
endp;
Bivariate  Kernel w=kv./sumc(kv);
w'y Gird

kv Bivariate  procedure prodc(kv")
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OLS Kernel
oLS

Least Square Jackknife

Kernel Rgression

ghat Jackknife

Jackknife Least Square

new; cls;

library pgraph;

graphset;

rndseed 1000;

[* Simulation */
n=100;
x=10*rndu(n,1)-5; u=10*rndn(n,1);
y=x"3+u;

/* Regression */

Kernel



h=linegrid(&f,0,10);
ghat=kernelreg(y,x,h);
yhat=x"3;

I* Plot */
data=sortc(x~ghat~yhat~y,1);
_plctrl={0,0,-1};

_psymsiz=1;
xy(data[.,1],data[.,2:4]);

proc f(h);
local n,k,h0,h,invs,i,u,kv,w,ghat,x1,y1,index;
n=rows(x); k=cols(x);
i=1; ghat=zeros(n,1);
do while i<=n;
index=zeros(n,1);
index[i]=1;
u=(x[i]-x)./h;
u=delif(u,index);
x1=delif(x,index);
invs=inv(chol(vcx(x1)));
kv=kernels(u*invs,"triweight");
w=kv./sumc(kv);
y1=delif(y,index);
ghat[i]=w'y1;
i=i+1;
endo;
retp( -(y-ghat)'(y-ghat) );
endp;

proc kernelreg(y,x,h);
local n,k,h0,h,invs,i,u,kv,w,ghat;
n=rows(x); k=cols(x);
invs=inv(chol(vcx(x)));
i=1; ghat=zeros(n,1);
do while i<=n;
u=(x[i]-x)./h;



kv=kernels(u*invs,"triweight");
w=kv./sumc(kv);
ghat[i]=w'y;
i=i+1;
endo;

retp(ghat);

endp;

proc kernels(u,types);

local kv;

if types$=="uniform";
kv=0.5*(abs(u).<=1);

elseif types$=="gauss";
kv=(1/sqrt(2*pi))*exp(-0.5*u"2);

elseif types$=="triangular";
kv=(1-abs(u)).*(abs(u).<=1);

elseif types$=="biweight";
kv=(15/16)*((1-un2)"2).*(abs(u).<=1);

elseif types$=="triweight";
kv=(35/32)*((1-u~2)"3).*(abs(u).<=1);

elseif types$=="epanechnikov";
kv=0.75*(1-u"2).*(abs(u).<=1);

else;
errorlog "ERROR: Type must be either of the following:";
errorlog "uniform/gauss/triangular/biweight/triweight/epanechnikov";

endif;

retp( kv );

endp;

proc linegrid(&ll,start,finish);

local length,maxiter,tol,i,j,step,grid,b,temp,bmax,ll:proc;
length=100;
maxiter=100;
tol=1e-8;

bmax=0;

i=1;



do while i<=maxiter;
step=(finish-start)/length;
grid=(-1e256).*ones(length+1,1);

b=start;
=1
do while j<=length+1;
grid[j]=11(b);
j=it+L;
b=b+step;
endo;

temp=start+(maxindc(grid)-1)*step;
if abs(bmax-temp)<tol;
break;

endif;
bmax=temp;
print/rd bmax;
start=bmax-step; finish=bmax+step;
i=i+1;

endo;

print/rz "# of iterations="i-1;

print/rd bmax;

retp(bmax);

endp;

0.20000000
0.25400000
0.25312000
0.25312400
0.25312362
# of iterations= 5
0.25312362
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Grid(Line)Search Jackknife Least Square f(h)
proc kernelreg(y,x,h)
procedure
Kernel Regression f(h)
f(h)
Grid(Line)Search 10
f(h)  kernelreg
Jackknife ghat
Jackknife X index
delif( : )
u invs
Jackknife kernel
regression ghat
Grid(Line)Search  procedure
Jackknife

Least Square



