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>install.packages("lasso2")
>install.packages("glmnet")
>install.packages ("MASS")
>library(lasso2)
>library(glmnet)

>library (MASS)

>require(stats)

uLwagf dl.b).w ‘SLGG.D‘O d.ol.?ﬁ YC
glmnet asews ;0 7, 5 gV colpo ailow sl oY Ol g

> library(glmnet)
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data(Prostate)

Prostate
x<-(apply(Prostate[,-9],2,as.numeric))
y<-(Prostatel[,9])

lassofit<-glmnet(x,y,alpha=1)

par(mfrow = c(1, 2))

plot(lassofit, xvar="lambda")

plot(lassofit, xvar="norm"

par(mfrow = c(1, 1))

coef (lassofit)

————————————————————————————————————— Cross Validation

cvlassofit<-cv.glmnet(x,y,alpha=1)

print(cvlassofit)

plot(cvlassofit)

to get the coefficients for the "optimal" lambda
coef (cvlassofit, s = "lambda.min")

to get the coefficients for the one SE lambda

coef(cvlassofit, s = "lambda.lse")

ridgefit<-glmnet(x,y,alpha=0)
par (mfrow = c(1, 2))
plot(ridgefit, xvar="lambda")
plot(ridgefit, xvar="norm")
par (mfrow = c(1, 1))

coef (ridgefit)

cvlassofit<-cv.glmnet(x,y,alpha=0)

print(cvlassofit)

plot(cvlassofit)

to get the coefficients for the "optimal" lambda
coef(cvlassofit, s = "lambda.min")

to get the coefficients for the one SE lambda
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> coef(cvlassofit, s = "lambda.lse")

> 11c.P <- 1lice(lpsa ~ ., Prostate, bound=(1:30)/30)
>11c.P

>coef (11c.P)

>summary (11c.P)

>resid(11c.P)

>fitted(11c.P)

>gcv(1lic.P)

>gcv=as.matrix(gcv(llc.P) ,ncol=4)

>gcv

>plot(gev(l,1],gcv[,4],type="1")
>abline(v=.44,col="red")
>beta_llce=l1lce(lpsa~.,Prostate,bound=0.44)
>beta_lice=1l1ce(lpsa~.,Prostate,bound=0.44)$coef
>beta_llce=beta lilce[-1]

\.\.\9,3)[&.«.»4?]99.3).0 c\.ol.’:).g V.C
oS g0 o0kl 3 ygmws 3l ool wdgs (gl

>p=4

>n=5

>gamma=0.7

>generator=function(p,n,gamma){

+ z=matrix(c(rnorm(p*n,mean=0,sd=1)) ,ncol=p)

+ x=matrix(c(rep(0,n*p)),ncol=p)

+ y<-matrix(c(rep(0,p)),ncol=1)

+ for(i in 1:n){

+ for(j in 1:p){

+ x[i,jl=(1-gamma~2)~(1/2)*z[i, j]+gammax*z[i,p]

+

+  ww=t(x)%h*%x



ay

+ Dbeta=eigen(ww)$vectors[,1]

+ sigma=0.5

+ error<-matrix(c(rnorm(n,mean=0,sd=sigma)),ncol=1)
+ y=xY*lbetaterror

+ return(list(x=x,y=y,beta=beta))

+ )

>data=generator(p,n,gamma)
>x=data$x

>y=data$y

>beta=data$beta

S (0 dlre atted cwyp slp ]y (b oas ) jenwd

\2

CN=max ((eigen(t (x)%*%x))$values) /min((eigen(t (x)%*%x))$values)
> CN

\4

betahatols=coef (lm(y~x))

A\

bO=betahatols=as.vector(betahatols)

\2

beta_ols=betahatols[-1]

S o s (train) bj9el 5 (test) Gyge;l Coond 93 4 |y laools 13 ) giws

>splitdf <- function(datal) {
#set.seed(0)
+ index <- 1l:nrow(datal)
+ trainindex <- sample(index,trunc(length(index)*(2/3)))
+ trainset <- datal[trainindex,]

+  testset <- datal[-trainindex,]

+

return(list(trainset=trainset,testset=testset,trainindex=trainindex))
+ }
datal=matrix(1:100,ncol=10)

\2

\2

datal

A\

splitdf (datal)

5 5le b Joe jsel slaesls slosliol b il (oLl el b arge oLl gl anlel azgs
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> lambda=c(0.1,0.5,1,10,50,100,500,1000)

> gcv_ridg final=rep(0,length(lambda))

> 1=1

> while(1<length(lambda)+1){

+

+

+

ftn <- function(x,y,b0) { #ftn mohaseb mikonad f(x)
i=1
j=1
fx=rep(0,p)
while (j<p+1){
while(i<p+1){
fx[jl=tx[jl+2*t (x[, 1) %*%x[,11%*%b0 [i]
i=i+1
}
fx[jl=fx[jl1-2*t(x[, j1) %*%y+2*1lambda[1]*b0[j]
j=j+1
i=1
}

return(fx)

fdn <- function(x,y,b0) { #fdn mohaseb mikonad f'(x)
i=1
j=1
fdx=rep(0,p)
i=1;j=1
while (j<p+1){
fdx[jI1=2xt (x[,j1)%*%x[, j1+2*lambda[1]
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j=3+1
}

return(fdx)

beta_ridg=rep(0,p)
j=1
while (j<p+1){
newtonraphson <- function(ftn,fdx,b0, tol = 1e-3, max.iter = 100) {
# Newton_Raphson algorithm for solving ftn(x)[1] ==
# we assume that ftn is a function of a single variable that returns
# the function value and the first derivative as a vector of length 2

# b0 is the initial guess at the root and the algorithm terminates when the

function value is within distance
# tol of 0, or the number of iterations exceeds max.iter
c <= bO[j]
fx <- ftn(x,y,b0)
fdx=fdn(x,y,b0)
iter <- 0
# continue iterating until stopping conditions are met
while ((abs(fx[j]) > tol) && (iter < max.iter)) {
c <~ ¢ - fx[j1/fdx[j]
b0 [jl=c
fx <- ftn(x,y,b0)
iter <- iter + 1
cat("At iteration", iter, "value of x is:", x, "\n")
}
# output depends on success of algorithm
if (abs(fx[j]l) > tol) {
cat("Algorithm failed to converge\n")
return (NULL)
} else {



+ cat("Algorithm converged\n")

+ return(c)

+ }

+ }

+ d=newtonraphson(ftn,fdn, b0, le-06,max.iter = 100)
+ beta_ridgl[jl=d

S S 1!

+ 7

+ gamma=2

+  v=gammax* (abs(beta_ridg) "~ (gamma-2))/2
+  w=diag(v)

+  sw=solve(w)

+  p_lambda=sum(x%*%(solve (t (x)%*%x+lambda [1]*sw) ) %*%t (x))
+  yhat=xtest)x*¥beta_ridg

+  RSS=sum((ytest-yhat)~2)

+  #RSS

+  gcv_ridg=RSS/ (n* ((1-(p_lambda/n))~2))
+ gcv_ridg final[l]l=gcv_ridg

+ 1=1+1

+ }

gcv_ridg final

\4

\%

which(gcv_ridg_final==min(gcv_ridg_final))

\2

optimal lambda_ridg=lambda[which(gcv_ridg final==min(gcv_ridg final))]

\4

optimal_gcv_ridg=min(gcv_ridg final)

\%

optimal_gcv_ridg

- optimal ridge

\4

lambda=optimal_lambda_ridg

> ftn <- function(x,y,b0) { #ftn mohaseb mikonad f(x)
+ i=1

+ =1

+  fx=rep(0,p)

+  while(j<p+1){
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while (i<p+1){
fx[jl=fx[jl+2xt (x[, 1) %*hx[,1]1%*%b0[i]
i=i+1

}

fx[jl=fx[jl1-2*%t(x[, j1)%*%y+2*xLlambda*b0[j]
j=j+1

i=1

}

return(fx)

#ftn(x,y,b0)

>

+

+

+

A\

\2

fdn <- function(x,y,b0) { #fdn mohaseb mikonad f'(x)
i=1
j=1
fdx=rep(0,p)
i=1;j=1
while (j<p+1){
fdx [j1=2*t (x[,j1)%*%x[, j]1+2+1lambda
j=j+1
b
return(fdx)
+
beta_ridg=rep(0,p)
j=1
while(j<p+1){
newtonraphson <- function(ftn,fdx,b0, tol = le-3, max.iter = 100) {
# Newton_Raphson algorithm for solving ftn(x)[1] ==
# we assume that ftn is a function of a single variable that returns
# the function value and the first derivative as a vector of length 2
# b0 is the initial guess at the root and the algorithm terminates when the



+ function value is within distance

+ # tol of 0, or the number of iterations exceeds max.iter
+ c <= b0[j]

+ fx <- ftn(x,y,b0)

+ fdx=fdn(x,y,b0)

+ iter <- 0

+ # continue iterating until stopping conditions are met
+ while ((abs(fx[j]) > tol) && (iter < max.iter)) {

+ c <~ ¢ - fx[jl/fdx[j]

+ b0 [jl=c

+ fx <- ftn(x,y,b0)

+ iter <- iter + 1

+ cat("At iteration", iter, "value of x is:", x, "\n")
+ }

+ # output depends on success of algorithm

+ if (abs(fx[jl) > tol) {

+ cat("Algorithm failed to converge\n")

+ return(NULL)

+ } else {

+ cat("Algorithm converged\n")

+ return(c)

+ }

+ 3

+  d=newtonraphson(ftn,fdn, b0, le-06,max.iter = 100)
+ beta_ridgl[jl=d

+  j=j+1
+ )
> beta_ridg

wj.))l.:).»)u)yadu‘) fdn9 ftn)ssd»of.c)o;'M\ngﬂy: Y/&b@f;ﬁ‘).@wbu&‘f

oS g0

> ftn <- function(x,y,b0) { #ftn mohaseb mikonad f(x)
+ i=1

+ j=1
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+ fx=rep(0,p)

+ while (j<p+1){

+ while(i<p+1){

+ fx[jl=fx[jl+2*t (x[, 1) %*hx[,1]1%*%b0 [i]
+ i=i+1

+ }

+ fx[j1=fx[j1-2%t (x[, j1) %*%y+(2.5) *lambda* (abs(b0[j])) ~(1.5)*sign(b0[j])
+ j=j+1

+ i=1

+ }

+ return(£fx)

+

# ftn(x,y,b0)

> fdn <- function(x,y,b0) { #fdn mohaseb mikonad f'(x)
+ i=1

+ j=1

+ fdx=rep(0,p)
+ i=1;j=1

+ while (j<p+1){

+ fdx[jl=2*t(x[,j1)%*%x[,jl1+2.5%1lambda* ((sqrt(abs(b0[jl))
+ 0.5%sqrt (b0 [jl*sign(b0[j1))))

+ j=3+1

+ }

+ return(fdx)
+ }

#fdn(x,y,b0)

+ gamma=2.5

b 2y Syge & fdn g fin oy = VU gy colpo anle Gl

> sig=sign(b0)
> ftn <- function(x,y,b0) { #ftn mohaseb mikonad f(x)
+ i=1

+ j=1



+ fx=rep(0,p)

+ while (j<p+1){

+ while(i<p+1){

+ fx[jl=fx[jl+2*t (x[, 1) %*hx[,1]1%*%b0 [i]
+ i=i+1

+ }

+ fx[jl1=fx[j1-2*%t (x[, j1)%*%y+3*Lambda*x((b0[jl)~2) *sig[]j]
+ j=3+1

+ i=1

+ }

+ return(£fx)

+ )

#ftn(x,y,b0)

> fdn <- function(x,y,b0) { #fdn mohaseb mikonad f'(x)
+ i=1

+ j=1

+ fdx=rep(0,p)

+ i=1;j=1

+ while (j<p+1){

+ fdx [j1=2%t (x[, 1) %*%x [, j]+6*1lambdaxb0 [j]*sig[j]
N S

+ }

+ return(fdx)

+ }

el 35 Syg0 4 fdng fin oy = ¥ o ol o Al sl

>  sig=sign(b0)

> ftn <- function(x,y,b0) { #ftn mohaseb mikonad f(x)
+ i=1

+ j=1

+ fx=rep(0,p)

+ while (j<p+1){

+ while(i<p+1){
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+

+

+

fx[jl=fx[jl+2xt (x[, j1) %x¥%x[,1]%*%b0[i]
i=i+l
}
fx[jl=fx[jl-2%t (x[, j1)%*%hy+4*lambdax ((bO[j]1)~3)
j=j+1
i=1
}
return(£fx)
}
#ftn(x,y,b0)

fdn <- function(x,y,b0) { #fdn mohaseb mikonad f'(x)
i=1
j=1
fdx=rep(0,p)
i=1;j=1
while (j<p+1){
fdx [j1=2*xt (x[,j1)%*%x[,jl+12*x1lambda*x (b0 [j]) "2
j=j+1
}

return(fdx)

p...S&o oolazw! S )9 )| 3.»."}[ w‘)..a QQ)BT Cawdy Lg‘).:

m=1
while (m<1000){

—————————————————————————————————— mohasebeh s_0

j=1
s=rep(0,p)
while(j<p+1){
while (i<p+1){
sljl=s[jl+2xt (x[, 1) %*%x[,1]1%*%b0 [i]

i=i+l
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v}
v slil=s[§1-2% (x, 31) %thy-2%t (x [, 31) %t [, §1%+%0 [ ]
v =i

+ i=1

> lambda=c(0.1,0.5,1,10,20,50)
> gcv_lasso_final=rep(0,length(lambda))
> beta_lasso=rep(0,p)

> i=1

> while(i<length(lambda)+1){

+ =1

+  while(j<p+1){

+ if(s[jl>lambdal[i]){

+ beta_lasso[jl=(lambdali]l-s[j1)/(2*t(x[,j1)%*%x[,j1)
+ Yelse{

+ if(s[jl< -1*lambdal[i]){

+ beta_lasso[jl=(-lambdal[il-s[j1)/(2*t(x[,j1)%*%x[,j1)
+ Yelsed{

+ beta_lasso[j]=0

+ }

+ }

v 3

+ }

+ gamma=1
+  v=gammax* (abs(beta_lasso)  (gamma-2))/2
+  w=diag(v)

+  sw=ginv(w)

+ n0=0
+ 1=1
+ while (1<p+1) {
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+ if (beta_lasso[1]==0){
+ n0=n0+1

+ Yelse{

+ n0=n0}

+ 1=1+1

+ }

+  p_lambda=sum(x%*%(solve (t (x)%*%x+1lambda [i]*sw))%*%t (x))-n0
+  yhat=xtest)x*%beta_lasso

+  RSS=sum((ytest-yhat)~2)

+  #RSS

+  gcv_lasso=RSS/(n*((1-(p_lambda/n))~2))

+ gcv_lasso_final[il=gcv_lasso

+ i=i+l

+ }

> gcv_lasso_final

> which(gcv_lasso_final==min(gcv_lasso_final))

> optimal lambda_lasso=lambda[which(gcv_lasso_final==min(gcv_lasso_final))]
> optimal gcv_lasso=min(gcv_lasso_final)
- optimal 1lasso

> lambda= optimal_lambda_lasso

> beta_lasso=rep(0,p)

> j=1

> while(j<p+1){

> if(s[jl>lambda){

> beta_lasso[jl=(lambda-s[j1)/(2*t(x[,j1)%*%x[,31)

>  Jelse{

> if(s[jl< -1*lambda){

> beta_lasso[jl=(-lambda-s[j])/(2*t(x[,j1)%*%x[,j]1)
> Yelseq

> beta_lasso[j]l=0

> +

> 7

> j=j+1
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> bO=beta_lasso

> m=m+1
}
S (o dla |y gy £9,0 ol ) 5w
sttt mohasebeh b0
b0 ridge

> lambda=c(0.1,0.5,1,100)

> gcv_ridg_final=rep(0,length(lambda))
> 1=1

> while(1<length(lambda)+1){

+ beta_ridg=rep(0,p)

+ =1

+  while(j<p+1){

+ sw=solve (t(x)%*V%x+lambda[l]*diag(p))
+ d=swix%t (x) l*xhy

+ beta_ridgl[jl=d
+ j=j+1
+ }

+  gamma=2

+  v=gammax (abs(beta_ridg) "~ (gamma-2))/2
+  w=diag(v)

+  sw=solve(w)

+  p_lambda=sum(x%*%(solve (t (x)%*%x+lambda [1]*sw))%*/%t (x))
+  yhat=xtest)*¥beta_ridg

+  RSS=sum((ytest-yhat)~2)

+  #RSS

+ gcv_ridg=RSS/(n*x((1-(p_lambda/n))~2))
+ gcv_ridg _final[l]l=gcv_ridg

+  1=1+1
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> gcv_ridg final

> which(gcv_ridg final==min(gcv_ridg final))

> optimal lambda_ridg=lambda[which(gcv_ridg final==min(gcv_ridg final))]
> optimal_gcv_ridg=min(gcv_ridg_final)

> optimal_gcv_ridg

> lambda=optimal_lambda_ridg
> sw=solve (t(x)%*)x+lambda*diag(p))
> bO=sw/*%t (x) %*%hy

WS o e glmnet S5 5l oslaiwl U gy 5 g cul o 13y 9500

> library(glmnet)

> lasso=glmnet(x,y,alpha=1)

> cvlasso=cv.glmnet(x,y,alpha=1)

> betahatlasso=coef(cvlasso, s = "lambda.min")
> betahatlasso=as.vector(betahatlasso)

> betahatlasso=betahatlasso[2: (p+1)]

- mahsebeh ridge

> ridge=glmnet (x,y,alpha=0)

> cvridge=cv.glmnet (x,y,alpha=0)

> betahatridge=coef (cvridge, s = "lambda.min")
> betahatridge=as.vector(betahatridge)

> betahatridge=betahatridge[2: (p+1)]

S o dmnlons V5.0 gz 50 pg0 slaglgs (yieS g g 5 ) 518,53 )51, MSE 5 gm0

> rm(list=1s(all=T))
> beta=matrix(c(0,0,0,0,0,0,0,0,0,0,2,2,2,2,2,2,2,2,2,2,
0,0,0,0,0,0,0,0,0,0,2,2,2,2,2,2,2,2,2,2),ncol=1)

> generator=function(p,n,gamma,Ro2){
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+  z=matrix(c(rnorm(p*n,mean=0,sd=1)) ,ncol=p)
+ x=matrix(c(rep(0,n*p)) ,ncol=p)
+  y<-matrix(c(rep(0,n)),ncol=1)

+ for(i in 1:n){

+ for(j in 1:p){

+ x[i,jl=((1-gamma~2)~(1/2))*z[1i,j]l+(gammax*z[i,p])
+ }

+ }

+  error<-matrix(c(rnorm(n,mean=0,sd=sigma)) ,ncol=1)
+  w=t(x) hhx

+  #beta=eigen(w)$vectors[,1]

+  y=x)xYbetaterror

+ return(list(x=x,y=y,beta=beta))

> library(glmnet)

> m=10

> k=1

> verrorols=vector(length=m) #vector error ols
> verrorlasso=vector (length=m)

> verrorridge=vector (length=m)

> while(k<=m){

+ p=40

+ n=100

+ gamma=0.9

+  #Ro02=100

+ sigma=15

+  beta=matrix(c(0,0,0,0,0,0,0,0,0,0,2,2,2,2,2,2,2,2,2,2
,0,0,0,0,0,0,0,0,0,0,2,2,2,2,2,2,2,2,2,2) ,ncol=1)

+  #beta<-matrix(c(7,4,0,0,8,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0),ncol=1)

+ #beta<-matrix(c(7,4,0,0,8,0,0,12,0,0,0,0,0,0,9,0,0,0,8,0,0,0,0,6,0,0,0,19
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0),ncol=1) #destinated coefficient
+  #beta=matrix(c(3,1.5,0,1,0),ncol=1)
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+ #beta=matrix(c(3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0) ,ncol=1)

+  #beta=matrix(c(3,0,0,1,0,7,0,0,3,6),ncol=1)
+ #beta

+  #length(beta)

+ data=generator(p,n,gamma,Ro2)

+ x=data$x

+  y=dataly

+  Dbeta=data$beta

+  #sigma=(t(beta)’*%beta)/Ro2

+ #x;y;beta

+  betahatols=coef (Im(y~x))

+ betahatols

+  betahatols=as.vector(betahatols)

+  betahatols=betahatols[2: (p+1)]

+  errorols=t(betahatols-beta)’%*’ (betahatols-beta)
+ verrorols[k]=errorols

+ HHHHHH R

+  lasso=glmnet(x,y,alpha=1)

+ cvlasso=cv.glmnet(x,y,alpha=1)

+ betahatlasso=coef (cvlasso, s = "lambda.min")

+  betahatlasso=as.vector(betahatlasso)

+  Dbetahatlasso=betahatlasso[2: (p+1)]

+ errorlasso=t(betahatlasso-beta)*%(betahatlasso-beta)

+  verrorlassol[k]=errorlasso

+ ridge=glmnet(x,y,alpha=0)

+  cvridge=cv.glmnet(x,y,alpha=0)

+  betahatridge=coef (cvridge, s = "lambda.min")

+  Dbetahatridge=as.vector(betahatridge)

+  betahatridge=betahatridge[2: (p+1)]

+  errorridge=t(betahatridge-beta)’*’,(betahatridge-beta)

+  verrorridge[k]=errorridge
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k=k+1

mseols=mean(verrorols)

mselasso=mean (verrorlasso)
mseridge=mean(verrorridge)
betahatols=as.matrix(betahatols)
betahatlasso=as.matrix(betahatlasso)

betahatridge=as.matrix(betahatridge)

coef=cbind(beta,betahatols,betahatlasso,betahatridge)
colnames(coef)=c("beta","betahatols","betahatlasso","betahatridge")
mse=cbind (mseols,mseridge,mselasso)

colnames (mse)=c("mseols", "mseridge","mselasso")

coef

mse
WS 0 dlomo 1) V2.0 Jguz 40 0ad dgame 50,900 1) gt

R=-matrix(c(1,0,0,1,1,1,-2,3,0,-1,2,0,0,2,3,0,-3,1,2,5,4,0,0,0)
,byrow = +T,ncol=8)
R
r=c(1.9,3.8,2.5)
cbeta_ols=beta_ols+solve (t (x)%*%x) %*%t (R) %x%
solve ((RV*% (t (x) %h*%x) h*ht (R)))  %x%h(r-Rixhbeta_ols)
cbeta_lasso=beta_lasso+swlasso)x%t (R)%*%
solve ((R%*%swlasso%*%ht(R))) %*% (r-Rix%beta_lasso)
cbeta_ridg=beta_ridg+swridgel*/it (R)%*%
solve ((R%*%swridge’%*%t (R))) %% (r-R%x)beta_ridg)
cbeta_gamma2.5=beta_gamma?2.5+swbridge_gamma2.5%*%t (R)%*7
solve ((R%*%swbridge_gamma?2.5%*%t (R)))%*)% (r-R/%*%beta_gamma2.5)
cbeta_gamma3=beta_gamma3+swbridge gamma3%*%t (R) %*Y%
solve ((R%*%swbridge gamma37*x%t(R))) %x*%(r-Ri*%beta_gamma3)



cbeta_gammad=beta_gammad+swbridge_gammad’*)%t (R)%*%

solve ((R%*)swbridge gammad*%t(R))) %x*%(r-Ri*%beta_gammad)
cbeta_final=cbind(cbeta_gammad=cbeta_gamma4,cbeta_gamma3=
cbeta_gamma3,cbeta_gamma2.5=cbeta_gamma2.5,
cbeta_ridg=cbeta_ridg,cbeta_lasso=cbeta_lasso,
cbeta_ols=cbeta_ols,beta=beta)

cbeta final=round(cbeta final,3)

cbeta_final
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Aabstract

When the problem of multicollinearity is present, the least squares estimator is not
applicable and mostly biased shrinkage estimators are used. Then are plenty mathods to
obtain shrinkage estimators. One method is the bridge estimator with special cases ridge
and LASSO estimators. On the other hand, in practice and economic models, there is a
need to apply some prior information on the parameters of interest. The estimator obtains
under this information is said the restricted estimator. In this thesis, the asymptotic per-
formance of the bridge and restricted bridge are investigated.

A numerical algorithm is developed to derive the bridge estimator. Properties of the two
special cases ridge and LASSO are studies.
Keywords: Multicollinearity, Shrinkage method, Bridge estimator, Ridge estimator, LASSO,

Linear constraint.
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