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aLasso(Adaptive Least Absolute Shrinkage and Selection Operator)
AIC(Akaike’s Information Criterion)

BIC(Bayesian Information Criterion)

DC-SIS(Sure Independence Screening Procedure based on the Distance Correlation)
GCV(Generalized Cross-Validation)

ISIS(Iterative Sure Independence Screening)

Lasso(Least Absolute Shrinkage and Selection Operator)
LLA(Local Linear Approximation)

LQA(Local Quadratic Approximation)

MARS(Multivariate Adaptive Regression Splines)

MCP(Minimax Concave Penalty )

MEM(Modal Expectation-Maximization)

NIS(Nonparametric Independence Screening)

OLS(Ordinary Least Squares)

PMR(Penalized Modal Regression)

PQR(Penalized Quantile Regression)

RDC-SIS(Robust Sure Independence Screening Procedure based on Distance Correlation)
RMSE(Square Root of Mean Squared Errors)

RSS(Residual Sum of Squares)

SCAD( Smoothly Clipped Absolute Deviation)

SIRS(Sure Independent Ranking and Screening)

SIS(Sure Independence Screening)

VIF(Variance Inflation Factor)
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library(scatterplot3d)

library (AER)

data("CPS1985")

fit <- 1m(log(wage)~education+experience+I (experience~2),data=CPS1985)

summary (fit)

).y g

b <- coef(fit)

m.school <- data.frame(CPS1985$education,CPS1985%education*b["education"])
m.school <- m.school [order (CPS1985$education),]

m.experi <- data.frame(CPS1985$experience,
CPS1985%experience*b["experience"]
+CPS1985%experience”2*b["I(experience™2)"])

m.experi <- m.experil[order (CPS19858experience), ]

par (mfrow=c(1,2))

par(mar = c(bottom=4, 2, top=2, 2))
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plot(m.school,col="black",pch=19,cex=0.7,
xaxt="n",yaxt="n",xlab="school",ylab="")
axis(1,cex.axis=0.8)

axis(2,cex.axis=0.8)

lines(m.school,col="azure3")
plot(m.experi,col="black",pch=19,cex=0.7,xaxt="n",yaxt="n",
xlab="experience",ylab="")

axis(1,cex.axis=0.8)

axis(2,cex.axis=0.8)

lines(m.experi,col="azure3")

col <- rep("green",nrow(CPS1985)); col[CPS1985%education==12] <- "red"

pch <- rep(1,nrow(CPS1985)); pch[CPS19858education==12] <- 8

Y.y S

scatterplot3d (CPS1985%education,CPS1985%experience, fitted(fit),
xlab="school",ylab="experience",zlab="",

color=col,pch=pch,angle=130)

Yo s

library(np)

require(graphics)

education<- CPS1985$education
experience<-CPS1985%experience

X <- cbind(education,experience)

y <- log(CPS19853%wage)

bw <- npregbw(xdat=X, ydat=y)

model <- npreg(bws = bw, gradients = TRUE)

summary (model)

col <- rep("green",nrow(CPS1985)); col[CPS1985%education==12] <- "red"
pch <- rep(1,nrow(CPS1985)); pchleducation==12] <- 8
scatterplot3d(education,experience, model$mean,
xlab="education",ylab="experience",zlab="",

color=col,pch=pch,angle=130)
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B.) JSis
library(mgcv)
b <- gam(y ~s(education) + s(experience))
plot(b,pages = 1)
fit3 <- fitted(b)
scatterplot3d(education,experience, fit3,
xlab="education",ylab="experience",zlab="",
color=col,pch=pch,angle=130)
V.Y s

S <- function(xx,1){

(xx - sign(xx))*(abs(xx) > 1)

}

scad <- function(theta,l,a=3.7){

theta <- abs(theta)

(theta <= 1) * theta * 1 + (theta > 1 & theta <= axl)*
(a*1lxtheta-(theta”2+172)/2)/(a-1)+(theta>a*x1)*(172x(a"2-1))/(2x(a-1))
}

Fs <- function(z,1,g=3.7){

(abs(z)>g*l) *z+(abs (z) >2*1 & abs(z)<=g*1)*(S(z,g*1/(g-1))/(1-1/(g-1)))+
(abs(z) <= 2%1)*S(z,1)

}

mcp <- function(theta,l,a=3.7) {

T <- length(theta)

val <- numeric(T)

for (i in 1:T) {

x <- abs(thetalil)

vall[i] <- (x < a*1)*(1*x - x72/(2*a)) + (x >= ax1)*(1/2)*a*x1"2
}

val

}

Fm <- function(z,l,g=3.7){

(abs(z) > gxl)xz + (abs(z) <= gxl)*(S(z,1)/(1-1/g))
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}

lasso <- function(theta,l){l*abs(theta)}

res <- 101

x <- seq(-4,4,len=res)

xx <- s5eq(0.0001,4,len=res)

g <-3

col <- c("#FF4E37FF", "#00B500FF", "#0O8DFFFF")

Y <- cbind(lasso(x, 1), scad(x, 1, g), mcp(x, 1, g))

require(latex2exp)

par(mar = c(bottom=4, 5, top=1, 2))
matplot(x,Y,type='1l"',xaxt="n",yaxt="n",1ty=1:3,1lwd=c(1,1,1.8),col=col,las=1,
xlab=expression(beta), ylab=TeX("$P_{\\lambda}(1\\beta 1)$"),cex.lab=0.85)
axis(1l,cex.axis=0.7)

axis(2,cex.axis=0.7)

legend(-1.70, 4, legend=c("LASSQO", "SCAD","MCP"),

col=c("red","green", "blue"), 1lty=1:3,lwd=c(1,1,1.8), cex=0.7)

Y.v Jss

par (mfrow=c(2,2))

par(mar = c(bottom=2.2, 3, top=2, 2))

Y <= cbind(S(x,1), Fm(x,1,g), Fs(x,1,g))
plot(x,S(x,1),type='1l"',xaxt="n",yaxt="n",xlim=c(-4,4),
ylim=c(-4,4),1wd=2.5,x1lab="",ylab="" ,main="LASS0",cex.main=0.8)
lines(x,x,col="red")

axis(1,cex.axis=0.7)

axis(2,cex.axis=0.7)

par(mar = c(bottom=2.2, 3, top=2, 2))

plot(x,0.5*x,type = '1l',xaxt="n",yaxt="n", xlim=c(-4,4), ylim=c(-4,4),
lwd=2.5,x1lab="",ylab="",main="Ridge",cex.main=0.8)
lines(x,x,col="red")

axis(1,cex.axis=0.7)

axis(2,cex.axis=0.7)
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plot(x,Fs(x,1,g) ,type='1l"',xaxt="n",yaxt="n",xlim=c(-4,4) ,ylim=c(-4,4),
lwd=2.5,x1ab="",ylab="",main = "SCAD",cex.main=0.8)
lines(x,x,col="red")

axis(1,cex.axis=0.7)

axis(2,cex.axis=0.7)
plot(x,Fm(x,1,g),type='1",xaxt="n",yaxt="n",xlim=c(-4,4),ylim=c(-4,4),
lwd=2.5,x1lab="",ylab="",main="MCP",cex.main=0.8)

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

axis(1,cex.axis=0.7)

axis(2,cex.axis=0.7)

LA )
dLasso <- function(theta,l){rep(l,length(theta))}
dMCP <- function(theta,l,a=3.7) {
theta = abs(theta)
(theta <= axl) * (1 - theta/a)}
dSCAD <- function(theta,l,a=3.7) {
theta = abs(theta)
(theta<l)*1+((theta>1)&(theta<axl))*((axl-theta)/(a-1))
}
Y<- cbind(dLasso(xx, 1), dSCAD(xx, 1, g), dMCP(xx, 1, g))
matplot (xx,Y,type='1l',xaxt="n",yaxt="n",1ty=1:3,1lwd=c(1,1,1.8),
col=col, las=1,cex.lab=0.85, xlab=expression(beta),
ylab=TeX("$P' _{\\lambda}(1\\beta 1)$"))
axis(1,cex.axis=0.7)
axis(2,cex.axis=0.7)
legend(2.5, 0.9, legend=c("LASSO", "SCAD","MCP"),
col=c("red","green","blue"), 1lty=1:3, lwd=c(1,1,1.8),cex=0.7)
.Y IS
library(splines)
library(grpreg)

n <- 2000; p <- 20; K < -2
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X <- matrix(0,n,p)
for(j in 1:p ){
X[,j] <= runif(n)
}

obj0 <- function(xx,K)

{

n <- nrow(xx);p <- ncol(xx)

z <- cQ

for (j in 1:p){

Bl <- splineDesign(knots=c(0,0,0,seq(0,1,length=K+2),1,1,1) ,x=xx[,j],
derivs=rep(0,n))

Bl <- B1[,1: (K+1)]

z <- cbind(z,B1)}

z

}

Z < -obj0(X,K)

Z <- Z[,-3]

group<-c(c(1,1) ,rep(2:p,each=K+1))

Y <= -sqrt(2)*Z[,1]+sqrt(2)*Z[,2]+0.5%Z[,3]1+Z[,4]-0.5%Z[,5]+rnorm(n,0,1)
fitl <- grpreg(Z, Y, group, penalty="grLasso")

fit2 <- grpreg(Z, Y, group, penalty="grSCAD")

fit3 <- grpreg(Z, Y, group, penalty="grMCP",gamma=2.7)

par (mfrow=c(1,3))
myColors<-c("blue","red","green","black","yellow","purple","orange","brown")
plot(fitl,col=myColors,main="Group LASSQ", xaxt="n",yaxt="n",cex.main=1)
axis(1,cex.axis=1.2)

axis(2,cex.axis=1.2)

abline(v=.04,col="black",1ty=2,1wd=0.75)
plot(fit2,col=myColors,main="Group SCAD", xaxt="n",yaxt="n",cex.main=1)
axis(1l,cex.axis=1.2)

axis(2,cex.axis=1.2)

abline(v=.04,col="black",lty=2,1wd=0.75)

plot(£fit3,col=myColors,main="Group MCP", xaxt="n",yaxt="n",cex.main=1)
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axis(1l,cex.axis=1.2)
axis(2,cex.axis=1.2)

abline(v=.04,col="black",lty=2,1wd=0.75)

ALY Jscis

res <- 201

x <- seq(-10,10,len=res)

xx <- seq(0.0001,4,len=res)

g <-3

col <- c("#FF4E37FF", "#00B500FF", "#O0O8DFFFF")

lambda <- 2

y <- scad(x, lambda) # a=3.7

#### SCAD

require(latex2exp)

par (mfrow=c(2,2))

par (mar = c(bottom=3, 4, top=2, 3))

# lambda=2,betal0=4

matplot(x, y,lwd=1.3, type='l', ylim=c(0,20), main=TeX("SCAD:
$\\beta~{(0)}$=4"), xaxt="n",yaxt="n", cex.main=1.5, 1lty=1,
las=1, xlab=expression(beta), ylab=TeX("$P_{\\lambda}(\\beta)$"))
axis(1l,cex.axis=0.9)

axis(2,cex.axis=0.9)

betal<-4

LLAapprox<-function(Beta){

scad(beta0,lambda)+dSCAD (betal,lambda)* (abs (Beta)-betal)

}

LQAapprox<-function(Beta){
scad(beta0,lambda)+0.5%(dSCAD (betal,lambda) /betal) * (Beta~2-beta0~2)
}

lines(x,LQAapprox(x),lty=2,1lwd=1.4,col="blue")
lines(x,LLAapprox(x),1ty=3,1lwd=1.4,col="red")

# lambda=2,betal=1

par(mar = c(bottom=3, 4, top=2, 3))

matplot(x, y, type='l', ylim=c(0,20), main=TeX("SCAD: $\\beta~{(0)}$=1"),
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cex.main=1.5, xaxt="n",yaxt="n",lty=1,lwd=1.3,las=1,
xlab=expression(beta), ylab=TeX("$P_{\\lambda}(\\beta)$"))
axis(1,cex.axis=0.9)

axis(2,cex.axis=0.9)

betal<-1

LLAapprox<-function(Beta){
scad(beta0,lambda)+dSCAD (betal,lambda) * (abs (Beta)-betal)

}

LQAapprox<-function(Beta){
scad(beta0,lambda)+0.5* (dSCAD (betal,lambda) /betal) * (Beta~2-beta0~2)
}

lines(x,LQAapprox(x),1lty=2,1lwd=1.4,col="blue")
lines(x,LLAapprox(x),lty=3,1lwd=1.4,col="red")

#####HER#H#E Lq:q=0.5

# lambda=2,betal0=4

Lq <- function(theta,l){l*abs(theta) 0.5}

dLg <- function(theta,1){(1/2)*theta”(-0.5)}

lambda<-2

yLq <- Lq(x, lambda)

par (mar = c(bottom=3, 4, top=2, 3))

matplot(x, yLq,lwd=1.3, type='l', ylim=c(0,10), main=TeX("L$_{0.53}:
\\beta~{(0)}$=4"), xaxt="n",yaxt="n", cex.main=1.5, lty=1, las=1,
xlab=expression(beta), ylab=TeX("$P_{\\lambda}(\\beta)$"))
axis(1,cex.axis=0.9)

axis(2,cex.axis=0.9)

betal<-4

LLAapprox<-function(Beta){
Lqg(betal,lambda)+dLq(betal,lambda) * (abs (Beta)-beta0)

}

LQAapprox<-function(Beta){
Lg(betal,lambda)+0.5%(dLq(betal,lambda) /betal)* (x~2-beta0d~2)
}

lines(x,LQAapprox(x),lty=2,1lwd=1.4,col="blue")

lines(x,LLAapprox(x),1ty=3,lwd=1.4,col="red")



\YO

# lambda=2,betal=1

par(mar = c(bottom=3, 4, top=2, 3))

matplot(x, yLq,lwd=1.3, type='l', ylim=c(0,10),main=TeX("L$_{0.5}:

\\beta~{(0)}$=1"), xaxt="n",yaxt="n", cex.main=1.5, lty=1, las=1,
xlab=expression(beta), ylab=TeX("$P_{\\lambda}(\\beta)$"))
axis(1,cex.axis=0.9)

axis(2,cex.axis=0.9)

betal<-1

LLAapprox<-function(Beta){
Lq(betal,lambda)+dLq(betal,lambda) * (abs (Beta)-beta0)

}

LQAapprox<-function(Beta){
Lg(betal,lambda)+0.5%(dLq(betal,lambda) /betal) * (x~2-betal0~2)
}

lines(x,LQAapprox(x),lty=2,1lwd=1.4,col="blue")

lines(x,LLAapprox(x),lty=3,1lwd=1.4,col="red")

#udH###### Load R Packages
library(splines)

library (MASS)

library(sn)

library(energy)

##### Three Screening Procedures: RDC-SIS, DC-SIS, SIS
Screening<-function (X=X, Y=Y)

{

p<—dim(X) [2]

n<- length(Y)

s1<- matrix(0,nrow=p,ncol=1)

s2<- matrix(0,nrow=p,ncol=1)

s3<- matrix(0,nrow=p,ncol=1)

Y<- Y-mean(Y)

OLS<- t(X) %*% Y # for ranking based on SIS

Y.FY Jte
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G.y<- c() # Empirical distribution function of Y
for(i in 1:n){

G.y[il<- sum(Y<=Y[i])

}

for(j in 1:p){

s1[j,] <- (dcor(X[,jl,G.y)) # RDC-SIS

s2[j,] <= (dcor(X[,jl,Y)) # DC-SIS

s3[j,] <- abs(OLS[j]) # SIS

}

rankl=(p+1)-rank(sl) # RDC-SIS
rank2=(p+1)-rank(s2) # DC-SIS
rank3=(p+1)-rank(s3) # SIS
list(rank.R0OSIS=rankl,rank.DCSIS=rank2,rank.SIS=rank3)
}

### Sure Independent Ranking and Screening (SIRS)
SIRS<-function(X=X,Y=Y){

p<- dim(X) [2]

n<- length(Y)

w<- matrix(0, nrow=p, ncol=1)

X<- apply(X,2, function(x) (x-mean(x))/sd(x))
for(k in 1:p){

w.k.j<-NULL

for(j in 1:n){

s<- (£ (X[,k])%*%h(1x(Y<Y[j1))/n) "2

w.k.j<- c(w.k.j,s)

}

wlk,]<- (n"3*(mean(w.k.j)))/(n*(n-1)*(n-2))
}

list(rank=(p+1)-rank(w))

}

AR
n<- 200 # number of data points
p<- 1000 # number of covariates

ss<- 500 # number of repetitions
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gg<- 5 #number of important variables
c<- 2 # c=1 or 2

nm<- 4 # number of methodes (RDC-SIS,DC-SIS,SIS,SIRS)
R<- array(0,c(ss,gg,nm))

Sigmal<- diag(p) ## covariance matrix
for (i in 1:p){

for (j in 1:p){

if (i<j) {

Sigmall[i,jl<- (0.5)"abs(i-j)
Sigmallj,il<- Sigmaili,j] %}

}

}

### Beginning of the iteration

for( s in 1:ss)

{

set.seed(12345+s)

X<- mvrnorm(n,mu=rep(0,p),Sigma=Sigmal)

beta<- ¢(1,0.8,0.6,0.4,0.2,rep(0,p-gg))

# error<- rsn(n,0,1,2) # different error distributions
# error<- rt(n,1)

error<- rnorm(n)

Y<- c*XY%*}betat+sqrt(6.83)*error

HH#HH#H

Q<- Screening(X,Y)

ex1b<- SIRS(X,Y)

R[s,,1]1<- c(Q$rank.ROSIS[1:ggl)

R[s,,2]1<- c(Q$rank.DCSIS[1:gg])

R[s,,3]1<- c(Q$rank.SIS[1:ggl)

R[s, ,4]1<- c(ex1b$rank[1l:gg])

print(s)

}
quantile(apply(R[,,1],1,max),c(0.05,0.25,0.50,0.75,0.95)) # ROSIS
quantile(apply(R[,,2],1,max),c(0.05,0.25,0.50,0.75,0.95)) # DC-SIS
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quantile(apply(R[,,3],1,max),c(0.05,0.25,0.50,0.75,0.95)) # SIS

quantile(apply(R[, ,4],1,max),c(0.05,0.25,0.50,0.75,0.95)) # SIRS

HHHHHA R R R RHY

hi<- rep(0,nm)

for (i in 1:nm)

{

for(s in 1:s8)

{

if (max(R[s,,i])<=2*floor(n/log(n))){
h1[il<- h1[i]+1 }

}

}

propertionl<- hil/ss
propertionl # propotion S
HAHHAHBHHAHHAHHRH

h2<- rep(0,gg)

for(s in 1:ss)

{

for(k in 1:gg){

if ((R[s,k,3])<=2*floor(n/log(n))){
h2[k]<- h2[k]+1}

}

}

propertion2<- h2/ss

propertion2 # propotion P_{3}

### Load R Packages
library(glmnet)
library(abind)
library(magic)
library (mvtnorm)

library(splines)

1.0.F Jbuo
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library(norimix)
library (MASS)

library(SparseM)
library(quantreg)

library (hqreg)

# First order derivative of SCAD penalty

scad.der<-function (x, lambda)

{
x<- abs(x)
a<- 3.7

u<- (x<=lambda)
penalty.derivative<- lambda*u+(pmax(a*lambda-x,0)/(a-1))*(1-u)
return(penalty.derivative)

}

###### Inputs

n<- 200 # sample size

p<- 15 # number of covariates

pl<- 2 # number of constant effects
p2<- 3 # number of varying effects

s<- pl+p2 # number of nonzero effects
degree<- 3 # degree of spline

K<- floor(n~{1/(2*degree+3)}) # number of internal knots

Sigma<- diag(p) ## covariance matrix

for (1 in 1:p){

for (j in 1:p){

Sigmali,jl<- 0.57abs(i-j)

}

}

#### simulation

nsimu=500; NV=rep(O,nsimu); NC=rep(0,nsimu)

NVT=rep(0,nsimu) ; NCT=rep(0,nsimu) ; CF=rep(0,nsimu)
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for (simu in 1:nsimu)

{

set.seed(1234+simu)

X<- mvrnorm(n,mu=rep(0,p),Sigma=Sigma)
u<- runif(n)

error<- rnorm(n) # normal error

# error<- rt(n,3) # t(3) error

# error<- rnorMix(m,norMix(mu=c(0,0),sigma=c(1,5)

,w=c(0.9,0.1))) # MN error

Y<- 2xsin(2xpi*u)*X[,1]+8*u* (1-u)*X[,2]1+2.5%X[,3]+X[,4]1+1.5*%X[,5]+error

####### culculate R matrix

g=K+degree+1 # number of B-spline basis functions
grid<- seq(0.01,0.99,length=500) # grid points
evalspline<- function(K){

B<- bs(grid,df=q,intercept=TRUE,degree=degree)
R<- t(B)%*%B/length(grid)

list (R=R)

}

temp<- evalspline(K)

R<- temp$R

#####H##E 7 matrix
Zmatrix<- function(xx,y,B,K)
{

n<- nrow(xx) ;p<- ncol(xx)
z<- cQ)

for (j in 1:p)

{

Phi<- B*xx[,j]

z<- cbind(z,Phi)

}

Z<- cbind(xx,as.matrix(z))

return(Z)
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}
Z<- Zmatrix(X,Y,B,K)

####### unpenalized quantile estimation as initial estimate
objO=function(xx,y,B,K)

{

n<- nrow(xx);p<- ncol(xx)

Z<- Zmatrix(xx,y,B,K)

theta<- rq(y~Z-1)$coef

list(theta=theta)

}

object<- objo(X,Y,B,K)

thetainit<- object$theta # initial estimate
etainit<- thetainit[1:p]

gammainit<- thetainit[(p+1) :length(thetainit)]
pgaminit<- rep(0,p)

for (j in 1:p){

gammaj<- gammainit[((j-1)*(K+4)+1): (j*(K+4))]
pgaminit[jl<- sqrt(gammaj%*%R%*%gammaj)

+

####### Find optimal tuning parameters using 5-fold CV
cvfolds<- function(n,folds)

{ split(sample(l:n),rep(1:folds,length=n)) }
x<- X

y<- Y

nK<- 5 # number of folds

folds_ans<- cvfolds(n,nK)

mseld<-c ()

## Possible values of parameters

lambdals<- seq(lambdal.min,lambdal.max,length=20)
lambda2s<- seq(lambda2.min,lambda2.max,length=20)
for (lambdal in lambdals)

{
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for (lambda2 in lambda2s)

{

mse<- rep(0,nk)

for(i in 1:nk)

{

omit<- folds_ans[[i]]

xcv<- x[-omit,];ycv=y[-omit]
xt<- x[omit,];yt=y[omit]
Bcv<- B[-omit,];ucv=u[-omit]
Bt<- Blomit,];ut=ulomit]
zcv<- Z[-omit,];zt=Z[omit,]
thetam<- thetainit

iter<- 1; diff<- 1

while(diff>1le-6 & iter<50){

## Optimal h

e<- Y-Z)xYthetam; sigm<- sqrt(var(e))
rh<- rep(0,100)

for (j in 1:100)

{

h<- as.numeric(0.5*sigm*1.027(j-1))
fh<- mean((e~2/h"2-1)/h~3*dnorm(e/h))
gh<- mean(e~2#*(dnorm(e/h))~2/h"6)
rh[jl<- gh/(fh~2*sigm~2)

}

index<- which.min(rh) ;hopt=0.5%sigm*1.02" (index-1)

ecv<- ycv-zcvi*)thetam

w<- dnorm(ecv,mean=0,sd=hopt) ;W=as.vector (w/sum(w))

etam<- thetam[1:p]

gammam<- thetam[(p+1):length(thetam)]
pgam<- rep(0,p)

for (j in 1:p){

gammamj<- gammam[((j-1)*(K+4)+1): (j*(K+4))]

pgam[jl<- sqrt(gammamj%*%R%*gammamj)
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}

mpwl<- rep(0,p)

mpw2<- rep(0,p)

for(j in 1:p){

mpwl[j]<- scad.der(etam[j],lambdal)/(abs(etam[j])+1e-6)
mpw2[j]<- scad.der(pgam[j],lambda2)/(pgam[j]+1e-6)

}

omegal<- diag(mpwl)

omega2<- matrix(0,nrow=(K+4)*p,ncol=(K+4)*p)

for (j in 1:p){

omega2 [ ((j-1)*(K+4)+1) : (§*(K+4)), ((G-1)*(K+4)+1) : (j*(K+4) ) I<-mpw2 [j] *R
}

Gm<- adiag(omegal,omega?2)

thetamO=thetam

thetam<- ginv(t(zcv)%*idiag (W) %*%zcv+n*Gm) %*x%t (zcv) %*Ydiag (W) %*lycv
diff<- max(abs(thetam-thetam0))

iter<- iter+1

}

mse[i]<- sum(dnorm((yt-zt*%thetam) ,mean=0,sd=hopt))

Ht for nK

mseld<- c(mseld,mean(mse))

} # for lambda2

} # for lambdal

mldindex<- which.max(mseld) # index of optimal tuning parameters
lambdalopt<- lambdals[floor((mldindex-1)/length(lambda2s)+1)]

lambda2opt<- lambda2s[(mldindex-1)%%length(lambda2s)+1]

###H#HHAH# estimation by optimal tuning parameters ##t#############
thetam<- thetainit
lambdal<- lambdalopt

lambda2<- lambda2opt

while(diff>1e-6 & iter<50){
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## Find optimal h

e<- Y-Z)*%thetam; sigm=sqrt(var(e))

rh<- rep(0,100)

for (j in 1:100)

{

h<- as.numeric(0.5%sigm*1.027(j-1))

fh<- mean((e”2/h~2-1)/h~3*dnorm(e/h))

gh<- mean(e~2*(dnorm(e/h))~2/h~6)

rh[jl<- gh/(fh~2*sigm~2)

}

index<- which.min(rh) ;hopt=0.5*sigm*1.02" (index-1)
w<- dnorm(e,mean=0, sd=hopt) ;W=as.vector (w/sum(w))
etam<- thetam[1:p]

gammam<- thetam[(p+1):length(thetam)]

pgam<- rep(0,p)

for (j in 1:p){

gammamj<- gammam[((j-1)*(K+4)+1): (j*(K+4))]
pgam[jl<- sqrt(gammamj%*/R%*’gammam;j)

}

mpwl<- rep(0,p)

mpw2<- rep(0,p)

for(j in 1:p){

mpwl[jl<- scad.der(etam[j],lambdal)/(abs(etam[j]l)+1e-6)
mpw2[jl<-scad.der(pgam[j],lambda2)/(pgam[jl+1e-6)
}

omegal<- diag(mpwi)

omega2<- matrix(0,nrow=(K+4)*p,ncol=(K+4)*p)

for (j in 1:p){

omega2 [((j-1)*(K+4)+1) : (j*(K+4)), ((j-1)* (K+4)+1) : (j*(K+4) ) I<-mpw2 [j]*R
}

Gm<- adiag(omegal,omega2)

thtam0<- thetam

thetam<- ginv(t(Z)%*%diag (W) %*%Z+n*Gm) %%t (Z) %xYdiag (W) %*%Y

diff<- max(abs(thetam—-thetam0))
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iter<- iter+1
}
etam<- thetam[1:p]

etam[abs(etam)<le-4]<- 0 # small eta coefficients set to be zero

gammam<- thetam[(p+1) :length(thetam)]

for (j in 1:p){ # small gamma coefficients set to be zero
curgammam<-gammam [ ((j-1)* (K+4)+1) : (j* (K+4))]
if (sqrt (sum(curgammam~2))<le-4)

{gammam [ ((j-1) * (K+4)+1) : (j*(K+4))]1<-0}

}

pgam<- rep(0,p)

for (j in 1:p){

gammamj<- gammam[((j-1)*(K+4)+1): (j*(K+4))]
pgam[jl<- sqrt(gammamj’%*%R%*/,gammamj)

}

###HH#A#H####H check the varying and constant effects

allk<-rep(K,p)

for (j in 1:p){

curgammam<-gammam [ ((j-1) * (K+4)+1) : (j*(K+4))]

if (sum(abs (curgammam) ) <le-4&abs(etam[j])<le-4){allk[jl<- -K;next;}
# zero effect

if (sum(abs (curgammam) ) <le-4&abs(etam[j])>=1e-4){allk[jl<- -2} else
{allk[j]<-K} # constant effect

+

i

# NV: number of varying effects

# NC: number of constant effects

NV<- sum(allk>0); NC<- sum(allk==-2)

# NVT: number of varying coefficients that are correctly identified
# NCT: number of constant coefficients that are correctly identified

u=0;v=0
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for (j in 1:p1)

{ if (allk[j]>0) v=v+1 }
for (k in (p1+1):s)

{ if (allk[k]==-2) u=u+1 }

NVT<- v; NCT<- u

# CF: the proportion of correctly fitted models

r=0

{if (sum(allk[1:p1])==p1*K & sum(allk[(pl+1):8])==-(p2)*2 &
sum(allk[(s+1) :p])==-(p-s)*K) r=1}

CF[simul<- r

### RASE

u.new<- runif (200) # new grid points

Beta_t<- matrix(0,200,p) # true coefficients

Beta_t[,1]1<- (2*sin(2*pi*u.new))

Beta_t[,2]<- (8*u.newx(1-u.new))

Beta_t[,3]<- rep(2.5,200)

Beta_t[,4]<- rep(1.2,200)

Beta_t[,5]<- rep(1.5,200)

B<- bs(u.new,df=q,intercept=TRUE,degree=degree)

Beta_hat<- matrix(0,nrow=200, ncol=p)

for(j in 1:p){

gamma j<- gammam[((j-1)*(K+4)+1): (j*(K+4))]

Beta_hat[, jl<- etam[j]+BY*J%gammaj

}

res<- (Beta_t-Beta_hat) "2

RASE[simu] <- mean(apply(res,1,sum))

cat("result:","number varying:", sum(allk>0)," number constant",sum(allk==-2),
"true number varying:",NNT[simu],"true number constant:",NLT[simu],"CF:",
CF[simu],"\n")

}
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Abstract

Semiparametric models are often used in real data analysis for their flexibility and
parsimony. Two well-known examples of semiparametric models are the partially linear
additive model and the partially linear varying coefficient model. Statistical inference of
these models is restricted to a condition that the parametric and nonparametric parts are
known in advance. However, such prior information is usually unavailable, especially
when the number of covariates is large. Therefore, it is of great interest to develop some
efficient methods to distinguish parametric components from nonparametric ones. In this
dissertation, we introduce a two-step procedure, in the context of ultra-high dimensional
additive models, which aims to reduce the size of covariates vector and distinguish linear
and nonlinear effects among nonzero components. Also, we propose a robust method for
simultaneously variable selection and parametric component identification in varying co-
efficient models based on modal regression, which is robust with respect to non-normal
errors and outliers in the response. The performance of the two proposed methods is exam-
ined by simulation studies and real data analysis. Results of numerical studies demonstrate

the superiority in comparison with the existing methods.

Keywords: Dimensionality reduction, Modal regression, Partially linear additive model,
Partially linear varying coefficient model, Structure identification, Sure independence

screening, Variable selection.
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