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library(SemiPar)

data(age.income)

attach(age.income)

plot(age,log.income,ylim=c(10,15) ,pch=4,cex=0.4,col="gray")
abline(1lm(log.income~age))

lines(ksmooth(age,log.income, "normal", bandwidth = 8),lwd=2,

col = "red")

library(SemiPar)

require (ks)

require(kerdiest)

data(age.income)

attach(age.income)

x<-seq(25,35,0.001)

y.1<-function(x) 10+dnorm(x,mean=30,sd=1.3)
lines(x,y.1(x),col=4)

x<-seq(50,60,0.001)

y.2<-function(x) 10+dnorm(x,mean=55,sd=1.3)
lines(x,y.2(x),col=4)

segments (30, 0, 30, 13.58, col=1,1ty=2)

Vo
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segments (55, 0, 55, 13.6, col=1,1ty=2)

segments (55, 0, 55, 13.6, col=1,1ty=2)

segments (24, 13.25, 35.5, 14, col=1,1ty=2,1lwd=1)
segments (47, 14.2, 60.2, 13.45, col=1,1ty=2,1lwd=1)
text(29.5,13.8,"u",cex=0.8)
text(55,13.9,"v",cex=0.8)

library(graphics)

bwt<-c(1050,1175,1130,1230,1310,1500,1575,1600, 1680,
1720,1750,1760,1770,1930,2015,2090,2275,2500,
2600,2700,2950,3160,3400,3640,2830,1030,1100,
1185,1225,1262,1295,1300,1410,1550,1715,1720,
1820,1890,1940,2041,2200,2200,2270,2400,2440,2550,
2570,2560,2730,3005)

x <= bwt/1000

op<-par (mfrow=c(2,2))

h <- 0.2

bins <- seq(0.7, max(x)+h, by=h)

hist(x, breaks=bins,freq=F,main=" ",xlim=c(0,5),ylim=c(0, .8),

xlab="birthweight (kg)")

h <- 0.8

bins <- seq(0.7, max(x)+h, by=h)

hist(x, breaks=bins,freq=F,main=" ",x1lim=c(0,5),ylim=c(0,.8),
xlab="birthweight (kg)")

h <-0.4

bins <- seq(0.7, max(x)+h, by=h)

hist(x, breaks=bins,freq=F,main=" ",x1im=c(0,5),ylim=c(0,.8),
xlab="birthweight (kg)")

h<-0.4
bins <- seq(0.9, max(x)+h, by=h)
hist(x, breaks=bins,freq=F,main=" ",x1lim=c(0,5),ylim=c(0, .8),
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xlab="birthweight (kg)")
par (op)

library(graphics)
EL<-c(4.37,4.70,1.68,1.75,4.35,1.77,4.25,4.10,4.05,
.90,4.00,4.42,1.83,1.83,3.95,4.83,3.87,1.73,
.92,3.20,2.33,4.57,3.58,3.70,4.25,3.58,3.67,
.90,4.13,4.53,4.10,4.12,4.00,4.93,3.68,1.85,
.83,1.85,3.80,3.80,3.33,3.73,1.67,4.63,1.83,
.03,2.72,4.03,1.73,3.10,4.62,1.88,3.52,3.77,
.43,2.00,3.73,4.60,2.93,4.65,4.18,4.58,3.50,
.62,4.03,1.97,4.60,4.00,3.75,4.00,4.33,1.82,
.67,3.50,4.20,4.43,1.90,4.08,3.43,1.77,4.50,
.80,3.70,2.50,2.27,2.93,4.63,4.00,1.97,3.93,
.07,4.50,2.25,4.25,4.08,3.92,4.73,3.72,4.50,
.40,4.58,3.50,1.80,4.28,4.33,4.13,1.95)

S L GV R S R O R S

plot(dkde(x = EL, deriv.order = 0, kernel = "uniform",
h=0.25) ,type="1",xlab="Euroption length(min)",

ylab="Density Estimation",sub=" ",main=" ")

h <- 0.5

bins <- seq(1.5, max(EL)+h, by=h)

hist(EL, breaks=bins,freq=F,x1im=c(0,5),ylim=c(0, .8),
xlab="Euroption length(min)",ylab="Density Estimation",sub=" "

main=" ")

x=c(3, 4.5, 5.0, 8, 9)

plot(x,rep(0,length(x)) ,type="p",pch=4,ylim=c(0,0.2),x1lim=c(0,12),
ylab="Density",)
lines(seq(0,6,0.1),0.2*dnorm(seq(0,6,0.1) ,mean=3,sd=1),
1ty=2,col=2)
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lines(seq(0.5,7.5,0.1),0.2xdnorm(seq(0.5,7.5,0.1) ,mean=4.5,
sd=1),

1ty=2,co0l=2)
lines(seq(2,8,0.1),0.2*%dnorm(seq(2,8,0.1) ,mean=5,sd=1),
1ty=2,co0l=2)
lines(seq(5,11,0.1),0.2*dnorm(seq(5,11,0.1) ,mean=8,sd=1),
1ty=2,col=2)
lines(seq(6,12,0.1),0.2*dnorm(seq(6,12,0.1) ,mean=9,sd=1),
1ty=2,co0l=2)

lines(density(x,kernel = "gaussian",bw=1))

abline(h=0,1ty=2)
ALY Jsde 4 by e S

RecT=function(x) 0.5*(abs(x)<1)

x=seq(-3,3,0.001)
plot(x,RecT(x),type="1",1ty=1,xlab="x",ylab="K(x)",ylim=c(0,1))
#Triangular Function

TriA=function(x) (1-abs(x))*(abs(x)<1)

x=seq(-3,3,0.001)

plot(x,TriA(x) ,type="1",1ty=1,xlab="x",ylab="K(x)",ylim=c(0,1))
#Gaussian

Gaus=function(x) (1/sqrt(2*pi))*exp(-0.5%(x"2))
x=seq(-3,3,0.001)

plot(x,Gaus(x) ,type="1",1ty=1,xlab="x",ylab="K(x)",ylim=c(0,1))
#Epanechnikov

Epan=function(x) 0.75%(1-x72)*(abs(x)<1)

x=seq(-3,3,0.001)
plot(x,Epan(x),type="1",1ty=1,xlab="x",ylab="K(x)",ylim=c(0,1))
#Quartic

Quar=function(x) (15/16)*((1-x72)"2)*(abs(x)<1)
x=seq(-3,3,0.001)
plot(x,Quar(x),type="1",1ty=1,xlab="x",ylab="K(x)",ylim=c(0,1))
#Triweight

TriW=function(x) (35/32)*((1-x72)"3)*(abs(x)<1)
x=seq(-3,3,0.001)
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plot(x,TriW(x) ,type="1",1lty=1,xlab="x",ylab="K(x)",
ylim=c(0,1.2))

#Tricube

TriC=function(x) (70/81)*((1-(abs(x))~3)"3)*(abs(x)<1)
x=seq(-3,3,0.001)

plot(x,TriC(x) ,type="1",1ty=1,xlab="x",ylab="K(x)",ylim=c(0,1))
#Cosine

Cosine=function(x) (pi/4)*cos(pi*x/2)*(abs(x)<1)
x=seq(-3,3,0.001)

plot(x,Cosine(x) ,type="1",1ty=1,xlab="x",ylab="K(x)",ylim=c(0,1))

f<—function(x) 0.75*dnorm(x)+0.25%dnorm(x,1.5,sd=1/3)
f<-Vectorize(f)
simulate<-function(N){
vec<-numeric (N)
for(i in 1:N){
s1<-rbinom(1,1,.75)
if(s1==1) z=rnorm(1)
else z=rnorm(1,1.5,1/3)
vec[il<-z
}
return(vec) }
Y<-simulate(1000)
x=seq(-3,3,0.01)
x1=seq(-0.5,0.5,0.01)
plot(x,f(x),type="1",ylim=c(0,0.45))
lines(density(Y,bw=0.06,kernel = "epanechnikov"),bcol=2)
lines(x1,Epan(x1)-0.56)
abline (h=0)

plot(x,f(x),type="1",ylim=c(0,0.45))
lines(density(Y,bw=0.54,kernel = "gaussian"),col=2)
lines(x1,Gaus(x1)-0.35)

abline (h=0,1ty=2)
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plot(x,f(x),type="1",ylim=c(0,0.45))
lines(density(Y,bw=0.18,kernel = "cosine"),col=2)
lines(x1,Cosine(x1)-0.55)

abline (h=0,1lty=2)

f<—function(x) 0.75*%dnorm(x)+0.25%dnorm(x,1.5,sd=1/3)
f<-Vectorize(f)
simulate<-function(N){
vec<-numeric (N)
for(i in 1:N){
sl<-rbinom(1,1,.75)
if(s1==1) z=rnorm(1)
else z=rnorm(1,1.5,1/3)
vec[il<-z
}
return(vec) }
Y<-simulate(1000)
x=seq(-3,3,0.01)
plot(x,f(x),type="1",ylim=c(0,0.45))
lines(density(Y,bw=0.18,kernel = "epanechnikov"),bcol=2)

lines(density(Y,bw=0.18,kernel = "gaussian"),col=2)

library (dbEmpLikeGOF)

data(Snow)

snow

plot(density(snow,bw=6) ,xlab="Snowfall (inches)",
ylab="Density Estimate",main=" ")
plot(density(snow,bw=12) ,xlab="Snowfall (inches)",

ylab="Density Estimate",main=" ")
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EL<-c(4.37,4.70,1.68,1.75,4.35,1.77,4.25,4.10,4.05,
1.90,4.00,4.42,1.83,1.83,3.95,4.83,3.87,1.73,
.92,3.20,2.33,4.57,3.58,3.70,4.25,3.58,3.67,
.90,4.13,4.53,4.10,4.12,4.00,4.93,3.68,1.85,
.83,1.85,3.80,3.80,3.33,3.73,1.67,4.63,1.83,
.03,2.72,4.03,1.73,3.10,4.62,1.88,3.52,3.77,
.43,2.00,3.73,4.60,2.93,4.65,4.18,4.58,3.50,
.62,4.03,1.97,4.60,4.00,3.75,4.00,4.33,1.82,
.67,3.50,4.20,4.43,1.90,4.08,3.43,1.77,4.50,
.80,3.70,2.50,2.27,2.93,4.63,4.00,1.97,3.93,
.07,4.50,2.25,4.25,4.08,3.92,4.73,3.72,4.50,
4.40,4.58,3.50,1.80,4.28,4.33,4.13,1.95)
h 0s<-0.467

e e S T CL I (O R OL B N O]

plot(density(EL,bw=h_os),type="1",xlab="Euroption time (min)",
ylab="Density",main=" ")
plot(density(EL,bw=h_os/2),type="1",xlab="Euroption time (min)",
ylab="Density",main=" ")
plot(density(EL,bw=h_os/4),type="1",xlab="Euroption time (min)",
ylab="Density",main=" ")

plot(density(EL,bw=h_os/5) ,type="1",xlab="Euroption time (min)",

ylab="Density",main=" ")

Laplace<-function(x) 4*exp(-abs(8*(x-0.5)))

curve(Laplace,-0.2,1.2,ylab=" ",main="Laplace Distribution")

sGamma<-function(x) dgamma(5*x,(1.5)72,1.5)

curve(sGamma,-0.2,1.2,ylab=" " ,main="Simple Gamma Distribution")

mGamma<-function(x) (1/3)*dgamma (8*x,(1.5)72,1.5)+(1/3)*dgamma(8*x,372,3)
+(1/3) *dgamma (8*x,672,6)

curve (mGamma,-0.2,1.2,ylab=" " ,main="Three Gamma Distribution")

sNorm<-function(x) dnorm(x,mean=0.5,sd=0.2)

curve(sNorm,-0.2,1.2,ylab = " " main="Simple Normal Distribution")
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m2Norm<-function(x) (1/2)*dnorm(x,0.35,0.1)+(1/2)*dnorm(x,0.65,0.1)

curve (m2Norm,-0.2,1.2,ylab=" " ,main="Two Normal Distribution")

m3Norm<-function(x) (1/3)*dnorm(x,0.25,0.075)+(1/3)*dnorm(x,0.5,0.075)
+(1/3) *dnorm(x,0.75,0.075)

curve (m3Norm,-0.2,1.2,ylab=" ",main="Three Normal Distribution")
o \lwan

library(kedd)

library(ks)

library(smoothmest)

library (dbEmpLikeGOF)

library(decon)

library(lattice)

set.seed(1234)

Laplace<-function(x) 4x*exp(-abs(8*(x-0.5)))
curve(Laplace,-0.2,1.2)

N.sim=250

BW<-matrix(0,nr=N.sim,nc=11)

ISE<-matrix(0,nr=N.sim,nc=11)

Bias.mat<-matrix(0,nr=4,nc=11)

ISE.L2<-matrix(0,nr=4,nc=11)
ISE.L1<-ISE.mean<-ISE.sd<-matrix(0,nr=4,nc=11)

row.names (Bias.mat)<-row.names (ISE.L2)<-row.names(ISE.L1)
<-row.names (ISE.mean)<-row.names (ISE.sd)<-c("25","50","100","200")
colnames (BW)<-colnames (ISE)<-colnames(Bias.mat)<-colnames(ISE.L2)
<-colnames(ISE.L1)<-c("h1","h2","h3","h4","h5","h6","h7",
"h8","h9","h10","h11")

n.vec<-c(25,50,100,200)
for(k in 1:length(n.vec){

for(i in 1:N.sim){
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x<-rdoublex(k,0.5,1/8)

BW[i,1]<-h.amise(x)$h

BW[i,2]<-bw.nrd0(x)

BW[i,3]<-bw.nrd(x)

BW[i,4]<-bw.ucv(x)

BW[i,5]<-bw.bcv(x)

BW[i,6]<-bw.SJ(x)

BW[i,7]<-dpik(x)

BW([i,8]<-bw.dboot2(x,sd(x))
BW[i,9]<-(BW[i,4]*(BW[i,7]172))~(1/3)
Bw[i,10]<-(BW[i,7]*(BW[i,4]172))"(1/3)
BW[i,11]<-(BW[i,7]1*BW[i,4])~(1/2)
x.grid<-density(x,BW[i,1])$x
y.grid<-ddoublex(x.grid,0.5,1/8)
ISE[i,1]<-sum((density(x,BW[i,1])$y-y.grid)~2)
ISE[i,2]<-sum((density(x,BW[i,2])$y-y.grid)~2)
ISE[i,3]<-sum((density(x,BW[i,3])$y-y.grid)~2)
ISE[i,4]<-sum((density(x,BW[i,4])$y-y.grid)~2)
ISE[i,5]<-sum((density(x,BW[i,5])$y-y.grid)~2)
ISE[i,6]<-sum((density(x,BW[i,6] )$y-y.grid)~2)
ISE[i,7]<-sum((density(x,BW[i,7] )$y-y.grid)~2)
ISE[i,8]<-sum((density(x,BW[i,8] )$y-y.grid)~2)
ISE[i,9]<-sum((density(x,BW[i,9] )$y-y.grid)~2)
ISE[i,10]<-sum((density(x,BW[i,10] )$y-y.grid)~2)
ISE[i,11]<-sum((density(x,BW[i,11] )$y-y.grid)~2)

Bias.mat [k,]<-apply(BW-BW[,1],2,mean)
boxplot (ISE)

ISE.mean [k, ]<-apply(ISE,2,mean)
ISE.sd[k,]<-apply(ISE,2,mean)
ISE.L2[k,]<-apply ((ISE-ISE[,1])"2,2,mean)
ISE.L1[k,]<-apply(abs(ISE-ISE[,1]),2,mean)
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dotplot(t(Bias.mat) ,auto.key=list(columns = 2),horizontal = FALSE,
ylab="Bias(h)")

dotplot (t(ISE.L1),auto.key=1list(columns = 2),horizontal = FALSE,
ylab="L1-distance")

dotplot (t(ISE.L2) ,auto.key=1list(columns = 2),horizontal = FALSE,
ylab="L2-distance")

sGamma<-function(x) dgamma(5*x,(1.5)72,1.5)

curve(sGamma,-0.2,1.2,ylab=" ",main="Simple Gamma Distribution")

sGamma<-Vectorize (sGamma)

N.sim=250

BW<-matrix(0,nr=N.sim,nc=11)

ISE<-matrix(0,nr=N.sim,nc=11)

Bias.mat<-matrix(0,nr=4,nc=11)

ISE.L2<-matrix(0,nr=4,nc=11)
ISE.L1<-ISE.mean<-ISE.sd<-matrix(0,nr=4,nc=11)

row.names (Bias.mat)<-row.names (ISE.L2)<-row.names(ISE.L1)<-
row.names (ISE.mean)<-row.names (ISE.sd)<-c("25","50","100","200")
colnames (BW)<-colnames (ISE)<-colnames(Bias.mat)<-colnames (ISE.L2)
<-colnames(ISE.L1)<-c("h1","h2","h3","h4","h5","h6","h7",
"hg","h9","h10","h11")

n.vec<-c(25,50,100,200)

for(k in 1:length(n.vec){

for(i in 1:N.sim){
x<-rgamma(k, (1.5)72,1.5)
x<-b*x
BW[i,1]<-h.amise(x)$h
BW[i,2]<-bw.nrd0(x)
BW[i,3]<-bw.nrd(x)
BW[i,4]<-bw.ucv(x)
BW[i,5]<-bw.bcv(x)
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BW[i,6]<-bw.SJ(x)

BW[i,7]<-dpik(x)

BW[i,8]<-bw.dboot2(x,sd(x) ,h0=BW[i,2])
BW[i,9]<-(BW[i,4]*(BW[i,7]72))~(1/3)
Bw[i,10]<-(BW[i,7]*(BW[i,4]172))"(1/3)
BW[i,111<-(BW[i,7]*BW[i,4]1)"(1/2)
x.grid<-density(x,BW[i,1])$x
y.grid<-sGamma(x.grid)
ISE[i,1]<-sum((density(x,BW[i,1])$y-y.grid)~2)
ISE[i,2]<-sum((density(x,BW[i,2])8$y-y.grid) ~2)
ISE[i,3]<-sum((density(x,BW[i,3])$y-y.grid)~2)
ISE[i,4]<-sum((density(x,BW[i,4])$y-y.grid)~2)
ISE[i,b5]<-sum((density(x,BW[i,5])$y-y.grid)~2)
ISE[i,6]<-sum((density(x,BW[i,6] )$y-y.grid)~2)
ISE[i,7]<-sum((density(x,BW[i,7] )$y-y.grid)~2)
ISE[i,8]<-sum((density(x,BW[i,8] )$y-y.grid)~2)
ISE[i,9]<-sum((density(x,BW[i,9] )$y-y.grid)~2)
ISE[i,10]<-sum((density(x,BW[i,10] )$y-y.grid)~2)
ISE[i,11]<-sum((density(x,BW[i,11] )$y-y.grid)~2)

Bias.mat [k,]<-apply(BW-BW[,1],2,mean)
boxplot (ISE)

ISE.mean [k, ]<-apply(ISE,2,mean)
ISE.sd[k,]<-apply(ISE,2,mean)
ISE.L2[k,]<-apply ((ISE-ISE[,1])"2,2,mean)
ISE.L1[k,]<-apply(abs(ISE-ISE[,1]),2,mean)
}

dotplot(t(Bias.mat) ,auto.key=list(columns = 2),horizontal = FALSE,
ylab="Bias(h)")

dotplot (t(ISE.L1) ,auto.key=list(columns = 2),horizontal = FALSE,
ylab="L1-distance")
dotplot (t(ISE.L2) ,auto.key=list(columns = 2),horizontal = FALSE,
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ylab="L2-distance")

mGamma<-function(x) (1/3)*dgamma(8*x,(1.5)72,1.5)
+(1/3) *dgamma (8*x,372,3)+(1/3) *dgamma (8*x,672,6)
curve (mGamma,-0.2,1.2,ylab=" " ,main="Three Gamma Distribution")

mGamma<-Vectorize (mGamma)

N.sim=250

BW<-matrix(0,nr=N.sim,nc=11)

ISE<-matrix(0,nr=N.sim,nc=11)

Bias.mat<-matrix(0,nr=4,nc=11)

ISE.L2<-matrix(0,nr=4,nc=11)
ISE.L1<-ISE.mean<-ISE.sd<-matrix(0,nr=4,nc=11)

row.names (Bias.mat)<-row.names (ISE.L2)<-row.names (ISE.L1)
<-row.names (ISE.mean)<-row.names (ISE.sd)<-c("25","50","100","200")
colnames (BW)<-colnames (ISE)<-colnames(Bias.mat)<-colnames(ISE.L2)
<-colnames(ISE.L1)<-c("h1","h2","h3","h4","h5","h6","h7",
"h8","h9","h10","h11")

n.vec<-c(25,50,100,200)
for(k in 1:length(n.vec){
for(i in 1:N.sim){
y<-rbinom(k,2,1/3)
x<-numeric (k)
for(j in 1:k){
if (y==0) x[j]<-rgamma(l,(1.5)"2,1.5)
else if(y==1) x[jl<-rgamma(1,372,3)
else x[jl<-rgamma(1,672,6)
}
x<-8%x
BW[i,1]<-h.amise(x)$h
BW[i,2]<-bw.nrd0(x)
BW[i,3]<-bw.nrd(x)
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BW[i,4]<-bw.ucv(x)
BW[i,5]<-bw.bcv(x)
BW[i,6]<-bw.SJ(x)
BW[i,7]<-dpik(x)
BW[i,8]<-bw.dboot2(x,sd(x),h0=BW[i,2])
BW([i,9]<-(BW[i,4]*(BW[i,7]"2))"(1/3)
BW[i,10]<-(BW[i,7]*(BW[i,4]172))~(1/3)
BW[i,11]<-(BW[i,7]1*BW[i,4]1)~(1/2)
x.grid<-density(x,BW[i,1])$x
y.grid<-mGamma(x.grid)
ISE[i,1]<-sum((density(x,BW[i,1])$y-y.grid)~2)
ISE[i,2]<-sum((density(x,BW[i,2])$y-y.grid)~2)
ISE[i,3]<-sum((density(x,BW[i,3])$y-y.grid)~2)
ISE[i,4]<-sum((density(x,BW[i,4])$y-y.grid)~2)
ISE[i,5]<-sum((density(x,BW[i,5])$y-y.grid)~2)
ISE[i,6]<-sum((density(x,BW[i,6] )$y-y.grid)~2)
ISE[i,7]<-sum((density(x,BW[i,7] )$y-y.grid)~2)
ISE[i,8]<-sum((density(x,BW[i,8] )$y-y.grid)~2)
ISE[i,9]<-sum((density(x,BW[i,9] )$y-y.grid)~2)
ISE[i,10]<-sum((density(x,BW[i,10] )$y-y.grid)~2)
ISE[i,11]<-sum((density(x,BW[i,11] )$y-y.grid)~2)

}

Bias.mat [k,]<-apply(BW-BW[,1],2,mean)

boxplot (ISE)

ISE.mean [k, ]<-apply(ISE,2,mean)

ISE.sd[k,]<-apply(ISE,2,mean)

ISE.L2[k,]<-apply ((ISE-ISE[,1])"2,2,mean)

ISE.L1[k,]<-apply(abs(ISE-ISE[,1]),2,mean)

}

dotplot(t(Bias.mat) ,auto.key=list(columns = 2),horizontal = FALSE,

ylab="Bias(h)")

dotplot (t(ISE.L1) ,auto.key=list(columns = 2),horizontal = FALSE,
ylab="L1-distance")
dotplot (t(ISE.L2) ,auto.key=list(columns = 2),horizontal = FALSE,
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ylab="L2-distance")

sNorm<-function(x) dnorm(x,mean=0.5,sd=0.2)
curve(sNorm,-0.2,1.2,ylab = " " ,main="Simple Normal Distribution")

sNorm<-Vectorize (sNorm)

N.sim=250

BW<-matrix(0,nr=N.sim,nc=11)

ISE<-matrix(0,nr=N.sim,nc=11)

Bias.mat<-matrix(0,nr=4,nc=11)

ISE.L2<-matrix(0,nr=4,nc=11)
ISE.L1<-ISE.mean<-ISE.sd<-matrix(0,nr=4,nc=11)

row.names (Bias.mat)<-row.names (ISE.L2)<-row.names (ISE.L1)
<-row.names (ISE.mean)<-row.names (ISE.sd)<-c("25","50","100","200")
colnames (BW)<-colnames (ISE)<-colnames(Bias.mat)<-colnames(ISE.L2)
<-colnames(ISE.L1)<-c("h1","h2","h3","h4","h5","h6","h7",
"h8","h9","h10","h11")

n.vec<-c(25,50,100,200)

for(k in 1:length(n.vec){

for(i in 1:N.sim){
x<-rnorm(k,mean=0.5,sd=0.2)
BW[i,1]<-h.amise(x)$h
BW[i,2]<-bw.nrd0(x)
BW[i,3]<-bw.nrd(x)
BW[i,4]<-bw.ucv(x)
BW[i,5]<-bw.bcv(x)
BW[i,6]<-bw.SJ(x)
BW[i,7]<-dpik(x)
BW[i,8]<-bw.dboot2(x,sd(x),h0=BW[i,2])
BW[i,9]<-(BW[i,4]*(BW[i,7]172))"(1/3)
Bw[i,10]<-(BW[i,7]*(BW[i,4]172))"~(1/3)
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BW[i,11]<-(BW[i,7]*BW[i,4])~(1/2)
x.grid<-density(x,BW[i,1])$x
y.grid<-sNorm(x.grid)
ISE[i,1]<-sum((density(x,BW[i,1])$y-y.grid)~2)
ISE[i,2]<-sum((density(x,BW[i,2])$y-y.grid)~2)
ISE[i,3]<-sum((density(x,BW[i,3])$y-y.grid) ~2)
ISE[i,4]<-sum((density(x,BW[i,4])$y-y.grid) ~2)
ISE[i,5]<-sum((density(x,BW[i,5])$y-y.grid)~2)
ISE[i,6]<-sum((density(x,BW[i,6] )$y-y.grid)~2)
ISE[i,7]<-sum((density(x,BW[i,7] )$y-y.grid)~2)
ISE[i,8]<-sum((density(x,BW[i,8] )$y-y.grid)~2)
ISE[i,9]<-sum((density(x,BW[i,9] )$y-y.grid)~2)
ISE[i,10]<-sum((density(x,BW[i,10] )$y-y.grid)~2)
ISE[i,11]<-sum((density(x,BW[i,11] )$y-y.grid)~2)

}

Bias.mat [k,]<-apply(BW-BW[,1],2,mean)

boxplot (ISE)

ISE.mean [k, ]<-apply(ISE,2,mean)

ISE.sd[k,]<-apply(ISE,2,mean)

ISE.L2[k,]<-apply ((ISE-ISE[,1])"2,2,mean)

ISE.L1[k,]<-apply(abs(ISE-ISE[,1]),2,mean)

}

dotplot(t(Bias.mat) ,auto.key=list(columns = 2),horizontal = FALSE,
ylab="Bias(h)")

dotplot (t(ISE.L1) ,auto.key=1list(columns = 2),horizontal = FALSE,
ylab="L1-distance")
dotplot (t(ISE.L2) ,auto.key=list(columns = 2),horizontal = FALSE,

ylab="L2-distance")

m2Norm<-function(x) (1/2)*dnorm(x,0.35,0.1)+(1/2)*dnorm(x,0.65,0.1)
curve (m2Norm,-0.2,1.2,ylab=" " ,main="Two Normal Distribution")

m2Norm<-Vectorize (m2Norm)
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N.sim=250

BW<-matrix(0,nr=N.sim,nc=11)

ISE<-matrix(0,nr=N.sim,nc=11)

Bias.mat<-matrix(0,nr=4,nc=11)

ISE.L2<-matrix(0,nr=4,nc=11)
ISE.L1<-ISE.mean<-ISE.sd<-matrix(0,nr=4,nc=11)

row.names (Bias.mat)<-row.names (ISE.L2)<-row.names(ISE.L1)
<-row.names (ISE.mean)<-row.names (ISE.sd)<-c("25","50","100","200")
colnames (BW)<-colnames (ISE)<-colnames(Bias.mat)<-colnames(ISE.L2)
<-colnames(ISE.L1)<-c("h1","h2","h3","h4","h5","h6" ,"h7",
"h8","h9", "h10","h11")

n.vec<-c(25,50,100,200)

for(k in 1:length(n.vec){

for(i in 1:N.sim){
y<-rbinom(k,1,1/2)
x<-numeric (k)
for(j in 1:k){

if (y==0) x[jl<-rnorm(x,0.35,0.1)
else x[j]<-rnorm(x,0.65,0.1)

}
BW[i,1]<-h.amise(x)$h
BW[i,2]<-bw.nrd0(x)
BW[i,3]<-bw.nrd(x)
BW[i,4]<-bw.ucv(x)
BW[i,5]<-bw.bcv(x)
BW[i,6]<-bw.SJ(x)
BW[i,7]<-dpik(x)
BW[i,8]<-bw.dboot2(x,sd(x),h0=BW[i,2])
BW[i,9]<-(BW[i,4]*(BW[i,7]172))"(1/3)
BW[i,10]<-(BW[i,7]*(BW[i,4]172))"(1/3)
BW[i,11]<-(BW[i,7]1*BW[i,4]1)~(1/2)
x.grid<-density(x,BW[i,1])$x
y.grid<-m2Norm(x.grid)



N

ISE[i,1]<-sum((density(x,BW[i,1])$y-y.
ISE[i,2]<-sum((density(x,BW[i,2])$y-y.
ISE[i,3]<-sum((density(x,BW[i,3])$y-y.
ISE[i,4]<-sum((density(x,BW[i,4])$y-y.
ISE[i,5]<-sum((density(x,BW[i,5])$y-y.
ISE[i,6]<-sum((density(x,BW[i,6])$y-y.
ISE[i,7]<-sum((density(x,BW[i,71)$y-y.
ISE[i,8]<-sum((density(x,BW[i,8])$y-y.
ISE[i,9]<-sum((density(x,BW[i,9])$y-y.
ISE[i,10]<-sum((density(x,BW[i,10])$y-
ISE[i,11]<-sum((density(x,BW[i,11])$y-

}

Bias.mat [k,]<-apply(BW-BW[,1],2,mean)
boxplot (ISE)

ISE.mean [k, ]<-apply(ISE,2,mean)
ISE.sd[k,]<-apply(ISE,2,mean)

grid)~2)
grid)~2)
grid) ~2)
grid)~2)
grid)~2)
grid) ~2)
grid)~2)
grid)~2)
grid)~2)
y.grid)~2)
y.grid)"2)

ISE.L2[k,]<-apply((ISE-ISE[,1])"2,2,mean)
ISE.L1[k,]<-apply(abs(ISE-ISE[,1]),2,mean)

}

dotplot(t(Bias.mat) ,auto.key=list(columns = 2),horizontal = FALSE,
ylab="Bias(h)")

dotplot (t(ISE.L1) ,auto.key=list(columns = 2),horizontal = FALSE,
ylab="L1-distance")

dotplot (t(ISE.L2) ,auto.key=1list(columns = 2),horizontal = FALSE,
ylab="L2-distance")

m3Norm<-function(x) (1/3)*dnorm(x,0.25,0.075)

+(1/3) *dnorm(x,0.5,0.075)+(1/3) *dnorm(x,0.75,0.075)

curve (m3Norm,-0.2,1.2,ylab=" " ,main="Three Normal Distribution")

m3Norm<-Vectorize (m3Norm)

N.sim=250

BW<-matrix(0,nr=N.sim,nc=11)
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ISE<-matrix(0,nr=N.sim,nc=11)

Bias.mat<-matrix(0,nr=4,nc=11)

ISE.L2<-matrix(0,nr=4,nc=11)
ISE.L1<-ISE.mean<-ISE.sd<-matrix(0,nr=4,nc=11)

row.names (Bias.mat)<-row.names (ISE.L2)<-row.names (ISE.L1)
<-row.names (ISE.mean)<-row.names (ISE.sd)<-c("25","50","100","200")
colnames (BW)<-colnames (ISE)<-colnames(Bias.mat)<-colnames(ISE.L2)
<-colnames(ISE.L1)<-c("h1","h2","h3","h4","h5","h6","h7",
"hg","h9","h10","h11")

n.vec<-c(25,50,100,200)
for(k in 1:length(n.vec){
for(i in 1:N.sim){
y<-rbinom(k,2,1/3)
x<-numeric (k)
for(j in 1:k){
if (y==0) x[jl<-rnorm(x,0.25,0.075)
else if (y==1) x[jl<-rnorm(x,0.5,0.075)
else x[jl<-rnorm(x,0.75,0.075)
}
BW[i,1]<-h.amise(x)$h
BW[i,2]<-bw.nrd0(x)
BW[i,3]<-bw.nrd(x)
BW[i,4]<-bw.ucv(x)
BW[i,5]<-bw.bcv(x)
BW[i,6]<-bw.SJ(x)
BW[i,7]<-dpik(x)
BW[i,8]<-bw.dboot2(x,sd(x),h0=BW[i,2])
Bw[i,9]<-(BW[i,4]*(BW[i,7]172))~(1/3)
Bw[i,10]<-(BW[i,7]1*(BW[i,4]172))"(1/3)
BW[i,11]<-(BW[i,7]1*BW[i,4])"(1/2)
x.grid<-density(x,BW[i,1])$x
y.grid<-m3Norm(x.grid)
ISE[i,1]<-sum((density(x,BW[i,1])$y-y.grid)~2)
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ISE[i,2]<-sum((density(x,BW[i,2])$y-y.grid)~2)
ISE[i,3]<-sum((density(x,BW[i,3])$y-y.grid)~2)
ISE[i,4]<-sum((density(x,BW[i,4])3$y-y.grid) ~2)
ISE[i,5]<-sum((density(x,BW[i,5])$y-y.grid)~2)
ISE[i,6]<-sum((density(x,BW[i,6] )$y-y.grid)~2)
ISE[i,7]1<-sum((density(x,BW[i,7] )$y-y.grid)~2)
ISE[i,8]<-sum((density(x,BW[i,8] )$y-y.grid)~2)
ISE[i,9]<-sum((density(x,BW[i,9] )$y-y.grid)~2)
ISE[i,10]<-sum((density(x,BW[i,10] )$y-y.grid)~2)
ISE[i,11]<-sum((density(x,BW[i,11] )$y-y.grid)~2)

}

Bias.mat [k,]<-apply(BW-BW[,1],2,mean)

boxplot (ISE)

ISE.mean [k, ]<-apply(ISE,2,mean)

ISE.sd[k,]<-apply(ISE,2,mean)

ISE.L2[k,]<-apply((ISE-ISE[,1])"2,2,mean)

ISE.L1[k,]<-apply(abs(ISE-ISE[,1]),2,mean)

}

dotplot(t(Bias.mat) ,auto.key=list(columns = 2),horizontal = FALSE,

ylab="Bias(h)")

dotplot (t(ISE.L1) ,auto.key=1list(columns = 2),horizontal = FALSE,
ylab="L1-distance")
dotplot (t(ISE.L2) ,auto.key=list(columns = 2),horizontal = FALSE,

ylab="L2-distance")
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data<-read.table("C:/Users/nhp/Downloads/asu-txt.txt", quote="\"")
x<-datal,4]

x<-x[30000:30300]

hist(x,breaks=100,freq=FALSE,main=" ")

hist(x,freq=FALSE,main=" ")

h.amise(x)$h->h1

lines(density(x,h1),col="red")

bw.nrd0(x)->h2

hist(x,freq=FALSE,main=" ",ylim=c(0,0.025))
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lines(density(x,h2),col="red")
bw.nrd(x)->h3

hist(x,freq=FALSE,main=" ",ylim=c(0,0.

lines(density(x,h3),col="red")
bw.ucv(x)->h4

hist(x,freq=FALSE,main=" ",ylim=c(0,0.

lines(density(x,h4),col="red")
bw.bcv(x)->h5

hist(x,freq=FALSE,main=" ",ylim=c(0,0.

lines(density(x,h5),col="red")
bw.SJ(x)->h6

hist(x,freq=FALSE,main=" ",ylim=c(0,0.

lines(density(x,h5),col="red")
dpik(x)->h7

hist(x,freq=FALSE,main=" ",ylim=c(0,0.

lines(density(x,hb),col="red")
bw.dboot2(x,sd(x) ,h0=40)->h8

hist(x,freq=FALSE,main=" ",ylim=c(0,0.

lines(density(x,h5),col="red")
(bw.ucv(x)*(dpik(x)~2))~(1/3)->h9

hist(x,freq=FALSE,main=" ",ylim=c(0,0.

lines(density(x,h5),col="red")
(dpik(x)*(bw.ucv(x)~2))~(1/3)->h10

hist(x,freq=FALSE,main=" ",ylim=c(0,0.

lines(density(x,h5),col="red")
(dpik(x)*bw.ucv(x))~(1/2)->h11

hist(x,freq=FALSE,main=" ",ylim=c(0,0.

lines(density(x,h5),col="red")
##Biases

h2-h1

h3-h1

h4-h1

h5-h1

h6-h1

025))

025))

030))

030))

030))

030))

030))

030))

030))
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h7-h1
h8-h1
h9-h1
h10-h1
hi11-h1
#ISEs
sum(density(x,h2)$y-density(x,h1)$y) "2
sum(density(x,h3)$y-density(x,h1)$y) "2
sum(density(x,h4)$y-density(x,h1)$y) "2
sum(density(x,h5)$y-density(x,h1)$y) "2
sum(density(x,h6)$y-density(x,h1)$y) "2
sum(density(x,h7)$y-density(x,h1)$y) "2
sum(density(x,h8) $y-density(x,h1)$y) "2
sum(density(x,h9)$y-density(x,h1)$y) "2
sum(density(x,h10)$y-density(x,h1)$y) 2
sum(density(x,h11)$y-density(x,h1)$y) 2
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Aabstract

Perhaps the most fundamental concepts in the field of statistic is the porobability function
which can be found in the behavior of random variables especially in statistics without
knowing the statistical probability of a random sample, ability to perform inference on
random samples and generalizing the results to the community does not exist.

On of the methods for estimating density (probability) function is "kernel density
estimation”, the generalization of naive estimator. In kernel methods, we must specify
two parameters: Kernel function and bandwidth. The bandwidth selection plays a key
role in kernel methods. When bandwith is small, the curve is nonsmooth. With increasing
the bandwith, the smoothness increases. Some of the methods for bandwidth selection is:
subjective methds, normal scale rule, least square cross validation etc.

In this disseration, we study density estimation via kernel methods, also, compare

some of the bandwidth selection methods and apply them to astrostatistics data.

Keywords: Kernel function, Bandwidth, Cross validation, astrostatistics, Integrated

squerred error measure.
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