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% Example "Nonparametric estimation

% of two dimensional discrete—continuous density function by wavelets;
%with an application to competing risks”

% by Christophe Chesneau, Isha Dewan and Hassan Doosti.

% In this example we consider a two dimensional discrete —continuous density;
%f(t,delta)=12t"(1+delta)(1—t)"3—delta)

% underlying distribution and we estimate subdensities for delta=0, 1.
%

% The program calls to:

% 1) Phijk.m — Daubechies—Lagarias Algorithm.

% 2) dwtr.m and idwtr.m — forward and inverse wavelet transform.

% 3) ]oc_]in .m and kernel.m — local linear smoother with a

% Gaussian kernel.

% 4) fijk.m — itegrate of scale function on [delta —0.5,delta +0.5]

close all;

clear all;

Iw=2;

set (0, ’'DefaultAxesFontSize’
fs=14;

16);

B

msize =5;

n=50;%sample size
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N=100;% number of replications

repl=zeros (1,N);

rep2=zeros (1,N);

% Choose an orthonormal QVIF Filter for the D-L algorithm

% for example ’'Daubechies’ 3:

%Ilo try another filter: wf = MakeONFilterExt(Type, Par)

filter = [—0.07576571478934, —0.02963552764595, 0.49761866763246,
0.80373875180522,... , 0.29785779560554, —0.09921954357694,
—0.01260396726226, 0.03222310060407];

filter =[ 0.2303778133088965, 0.7148465705529158,
0.630880767929859, —0.02798376941686011,

—0.1870348117190932, 0.0308413818355608,

0.03288301166688522, —0.01059740178506904 |;

wf = [0.0386 —0.1270 —0.0772 0.6075 0.7457 0.2266]; % For example, filter
% Coiflet (1).

for rep=1:N
Y%simulation from Ti~Gamma(2,3), delta~B(1, ti[(ti+1)), i=1,...,n

t=betarnd(2,3,n,1);
delta=binornd(1,t,n,1);
%ixy=betapdf(x,2,3). *binopdf(y,1, x);

0

% Apply Daubechies Lagarias to obtain the linear wavelet

estimate (equation 4)

Jj0=6; % default coarsest level

Y%calculation of \bat{\a]pba}_{j_O,k_],k_Z}

ahat=zeros(27j0,2"j0);

for k1=0:2"j0—1

for k2-0:2"j0—1

Yahat (k1,k2)=0;

for i=1:n

ahat (kl1+1,k2+1)=ahat(k1+1,k2+1)+Phijk(t(i),jO, k1, filter ,25)*fijk (delta (i),
JjO,k2, filter ,25);
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end
ahat(kl1+1,k2+1)=ahat(kl1+1,k2+1)/n;
end

end

linear estl=zeros(27j0,1);

linear est2=zeros(2%j0,1);

linear est=2"j0*ahat;
for k=1:27j0/2
linear estl=Ilinear estl+linear est(:,k);

linear est2=Ilinear est2+linear est(:,k+2%j0/2);
end
linear estl1=2"1—j0)*linear estl ’;

linear est2=2"1—j0)*linear est2 ’;

% How does the linear estimator look like?

a = linspace (0,1, ]ength(linear_est]));

cswl = dwtr(linear estl , 3, wf); % Forward wavelet transformation

csw2 = dwtr(linear est2, 3, wf); % Forward wavelet transformation

nn = ]ength(cswl);_

nn2 = nnl2;

finestl = cswl(nn2+1:nn); %finest details

sigmal = 1.4826*median(abs (finestl1 —median(finestl)));

*

lambdal = sqrt( log(nn)/n) sigmal;

finest2 = csw2(nn2+1:nn); %finest details
sigma2 = 1.4826*median (abs (finest2 —median(finest2)));
lambda2 = sqrt( log(nn)/n) * sigma2;

cswtl = cswl . * ( abs(cswl) > lambdal); %hard threshold
smootb_th] = idwtr(cswtl, 3, wf); % Inverse wavelet transformation
cswt2 = csw2 . * ( abs(csw2) > lambda2); %hard threshold

smooth th2 = idwtr(cswt2, 3, wf); % Inverse wavelet transformation
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0

% How does it look like after local linear smoothing?
h = 0.080; % bandwidth

smooth_]]:[];

smooth_22=[];

for j=1:100
smooth 1l = [smooth Il loc lin(j/100, a, linear estl, h)];

smooth 22 = [smooth 22 loc lin(j/100, a, linear est2, h)];

end

al=linspace(0,1,100);

f1=12*a1.*((1 —al)."3);

f2=12%al.72).*((1 —al)."2);

repl (rep)=norm(f1 —smootb_]l );
rep2(rep)=norm(f2—smoot]1_22);

rep

end

isel =(repl1.72)*(al(100)—al(1))*(al(2)—al(1));
ise2 =(rep2.72)*(al(100)—al (1)) *(al(2y—al(1));
mean(isel)

mean (iseZ2)

save ('d:\ Chesneau—Dewan—Doosti\competn50. mat’);
%Estmation of subdensity, f(t,0) and f(¢,1)
figure (1);

plot(a, linspace(1,1,length(a)), ’k—");% underlying unobserved density "X
hold on

plot( a, 12*a.*((1—a)."3),’k—.") % observed 'Y
hold on

plot(a, ]inear_est] k)

title ('Linear wavelet f(t,0),n=1000")

figure (11);

plot(a, linspace(1,1,length(a)), ’k—");% underlying unobserved density "X
hold on

plot( a, 12*a."2).*((1 —a)."2),’k—.") % observed 'Y

hold on

plot(a, 1inear_est2 k)

title ('Linear wavelet f(t,1),n=1000")
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% How does the linear estimators of subdensities look like after hard
thresholding?

figure (2);

plot(a, linspace(1,1,length(a)),’k—");% underlying unobserved
density "X

hold on

plot( a, 12%a.*((1 —a)."3),’k—.") % observed 'Y

hold on

plot(a, smootb_tb], k——")

title ('Linear wavelet estimator after thresholding—f(t,0),n=1000")

figure (22);

plot(a, linspace(1,1,length(a)), ’k—");% underlying unobserved density "X
hold on

plot( a, 12*(a."2).*((1 —a)."2),’k—.") % observed Y

hold on

plot(a, smooth_ch, k——")

title ('Linear wavelet estimator after thresholding—f(t,1),n=1000")

figure (3)

plot(a, linspace(1,1,length(a)),’k—");% underlying unobserved density "X
hold on

plot( a, 12*a.*((1—a)."3), ’k—.") % observed 'Y

hold on

plot ((1:100)/100, smooth_]], k——")

title ('Smoothed linear wavelet estimator—f(t,0)—n=1000")

figure (33)

plot(a, linspace(1,1,length(a)), ’k—");% underlying unobserved density "X
hold on

plot( a, 12*a."2).*((1 —a)."2),’k—.") % observed 'Y

hold on

plot((1:100)/100, smooth_22, k——")

title ('Smoothed linear wavelet estimator—f(t,1)—n=1000")
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clc
clear all
n=input(’'n=");
i=input(’i=");
s=0.5;
k=n;
J=—n:1:n;
w=[1;
Y% mm=1:1:1ength (J)
for mm=1:1:1ength (J)
if abs(i—J@m))==1:1:k;
Wmm, 1) =5 [(2*k);
elseif abs(i—] (mm))>=k+1
W, 1) =0
else
Winm 1)=1—s;
end
end
¥ e O s s A L A A L R B s
x=betarnd(2,3,n,1);
y=binornd(1,x,n,1);
=[]
xx=find (y==1);
N=length (xx)
p=N|n;
f=12*."(1+1).%(1 —x)."(3—1);

Yoz us YT

ff=12*i . *(1+1). *x."(i—1).*1—x)."3—1i)—12.*(1+1).*
x.M.*3—1). (1 —x)."2—=1)+12.*2—1).*3—1).*(1 —x)."1 —1);

B L T R A B L L A
syms q

a=int ((1/((2*pi)"0.5)*exp(—q"2/2))"2,q);

answer= subs(a,q, inf)—subs(a,q,—inf);

bb=int (g"2/((2*pi)"0.5) *exp(—q"2/2),q);
answerl=Ilimit (bb,q, inf)—Ilimit (bb,q,—inf);

A A A )
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for 11 =1:1:n
for jj=1:1:1ength (J)
C_Z:sum WA jjH"2).*f(1l)*answer
C_22=sum W(jjHr*2)*p. * ff(1])*answerl
end
end
C1;
C_2=C_22/‘2;

MISE=(5/4)*(((C_Z*C_ZA4)/nA4)A(1/5))
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Linear wavelet estimator after thresholding-fit,0),n=500
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Smoothed linear wavelet estimator-f(t,0)-n=500
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Aabstract

We can rewrite joint probability density estimation f(x,v), as f(x,v) = f(z|Y = v)P(Y =),
using the ordinary method for estimating density function f. We should estimate P(Y = v) and
f(z|Y = v) to find an estimator for f(x, V). For this aim, we use corresponding proportion and kernel
method, respectively, to estimate P(Y = v)and f(z|Y = v). Since in kernel method, some assump-
tion on f and its derivatives decrease the attention of estimator. However, the optimal and adaptive
choice of its bandwidth remains an open question. In this thesis, we estimate f(x|Y = v) by wavelet
method. both linear and hard threshold wavelet estimator are used and investigate the MISE of the Iin-
ear estimator and the hard threshold estimator. In the end of a simulation study carefully the wavelet

estimation accuracy compared with the kernel estimator.

Key Words: Estimation density function, Wavelet, Hard threshold, Kernel
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