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gression analysis for fuzzy input output data. Proceeding of Seminar on Fuzzy Statistics

and Probability. 8, 156-164.
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X = Import["E:\\ridge-data.xlsx", {"Data", 2}];
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n = Length[Transpose[X] [[1]1];

a = 0;

2
c=0
p=4
mA

1A

rA
Ao =
mAp =
1Ap =
rAp =
mAz =
1Az =

rAz =

H

.1,

’

Array[h, {p, 1}];
Array[h, {p, 1}];
Array[h, {p, 1}];
{mAO, 1A0, rAO};

{mp1,
{1p1,
{rp1,
{mz1,
{1z1,
{rz1,

mp2,
1p2,
rp2,
mz2,
1z2,

rz2,

mp3, mpd};
1p2, 1p4};
rp3, rp4};
mz3, mz4};
1z3, 1z4};
rz3, rzd};

Yhat = Array[h, {n, 3}];

Y = Arrayl[w, {n, 3}];

1wl
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d = {};
For[j = 1, j <= p, j++,
d = Joinld, {Ao[[2]1] >= 0, Ao[[3]1] >= 0, mAp[[j1] >= 0, mAz[[j1] >= 0, 1Ap[[j1] >= 0, 1Az[[jl] >= o,
rAp[[j1] >= 0, rAz[[j]1] >= 0, mAp[[j1] - 1Ap[[j1] >= 0, mAz[[j1] - rAz[[j]1] >= 0}1]1;
For[i =1, i <= n, i++,
YO[i, 111 = X[[i, 1311;
YO[i, 211 = X[[i, 1411;
Y[[i, 311 = X[[i, 1511; 1;
For[i =1, i <= n, i++,
Yhat[[i, 111 = Ao[[1]] + Sum[(mAp[[j]] - mAz[[j11)*X[[i, j11, {j, 1, p}1;
Yhat[[i, 2]] Ao[[2]] + Sum[mAp[[j11*X[[i, j + 411 + 1lAp[[jI11*X[[i, j1] + mAz[[jI11*X[[i, j + 8]]
+ 1Az[[j11*X[[i, 311, {j, 1, p}1;
Ao[[3]] + Sum[mAp[[jI1I1*X[[i, j + 8]1] + rAp[[j11=X[[i, j11 + mAz[[jII*X[[i, j + 4]]
+ rAz[[311*X[[i, 311, {5, 1, p}1; 1;
W= {{"x", "Q1", "mAO", "1AO", "rAO", "mpl", "mp2", "mp3", "mp4", "lpi", "lp2", "1p3", "lp4", "rpi"

Yhat[[i, 3]]

,"rp2","rp3", "rp4", "mz1", "mz2", "mz3", "mz4","1z1","1z2","1z3","1z4", "rz1","rz2", "rz3","rz4"}};
For[k = a, k <= b, k += ¢,
Q1= NMinimize[{Sum[Abs[Yhat[[i, 111-Y[[i, 1111,{i, 1, n}]+Sum[Abs[Yhat[[i, 2]11-Y[[i, 2]111,{i, 1, n}]
+ Sum[Abs([Yhat[[i, 3]1-Y[[i, 3111,{i, 1, n}]+k*(Sum[(mAp[[j]11-mAz[[j]11)~2+(1/3)*(mAp[[j]]
- mAz[[jI11)*((rAp[[j1] + rAz[[j]11) - (QAp[[jl] + 1Az[[j11)) + (1/12)*x((QAp[[j]] + 1Az[[jI])"2
(rAp[[j1] + rAz[[311)°2), {j, 1, p}] + (Rol[11172 + (1/3)*Ao[[11]1*(Ao[[3]] - Ao[[211)
+ (1/12)*(A0[[2]1]172 + Ao[[311°2))),d},{mAO, 1A0, rAO, mpl, mp2, mp3, mp4, 1lpl, 1lp2, 1p3, lp4

+

,rpl, rp2, rp3, rp4, mzl,mz2, mz3, mz4, lzl, 1z2, 1z3,1z4, rzl, rz2, rz3, rz4l}];
AppendTo [W, {k,Q1[[1]1]1,Q1[[2,1,2]1],Q1[[2,2,2]1]1,Q1[[2,3,2]1],Q1[[2,4,2]1]1,Q1[[2,5,2]1],Q1[[2,6,2]]

,Q1ll2,7,211,Q1[[2,8,2]11,Q1[[2,9,2]]1,Q1[[2,10,2]1],Q1[[2,11,2]],Q1[[2,12,2]]
,Q1l[2,13,2]11,Q1[[2,14,2]11,Q1[[2,15,2]]1,Q1[[2,16,2]1],Q1[[2,17,2]]1,Q1[[2,18,2]]
,Q1[[2,19,2]11,Q1[[2,20,2]11,Q1[[2,21,2]]1,Q1[[2,22,2]1],Q1[[2,23,2]]1,Q1[[2,24,2]]
, Qul[2, 25, 211, Qil[2, 26, 211, Qi1[[2, 27, 2]11}]; Print[k]]

W

B = {{"k", "mA1", "mA2", "mA3", "mA4"}}

lenk = Floor[(b - a)/c + 1];

mA = Array(h, {lenk, p}];
1A = Array[h, {lenk, p}];
rA = Array[h, {lenk, p}];

For[k = 1, k < Length[Transpose[W] [[1]1]], k++,
For[j = 1, j <= p, j++,
mA[[k, j1] = Wllk + 1, j + 511 - Wllk + 1, j + 171];
1ALLk, j11 = Wllk + 1, j + 911 + Wllk + 1, j + 2111;
rAllk, j11 = Wllk + 1, j + 1311 + Wllk + 1, j + 2511; 1;
AppendTo[B, {k, mA[[k, 111, mA[[k, 2]], mA[[k, 3]], mA[[k, 411}1]1;
Yhat1

Array[h, {lenk, n}];
Yhat2

Array[h, {lenk, n}];
Yhat3 = Array[h, {lenk, n}];

For[k = 1, k <= lenk, k++, For[i = 1, i <= n, i++,
Yhat1[[k,i]] = W[[k+1,3]]1+Sum[W[[k+1,j+511*X[[1,31],{j,1,p}]-Sum[Wllk+1, j+17]11*X[[i, j11, {j,1,p}];
Yhat2[[k,i]] = W[[k+1,4]1]1+Sum[W[[k+1,j+5]11*X[[i,j+411,{j,1,p}1+Sum[W[[k+1,j+9]11*X[[1i,jl]
,{3,1,pH+Sum WL [k+1, j+1711*X[[i,j+811,{j,1,p 1 +Sum[W[[k+1,j+2111*X[[i,311,{j,1,p}];
Yhat3[[k,il] = W[[k+1,5]1+Sum[W[[k+1,j+5]1*X[[i,j+8]],{j,1,p}]+Sum[W[[k+1,j+13]11*X[[i,j11,{j,1,p}]
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+Sum [W[[k+1,j+1711+X[[i,j+411,{j,1,p}]+Sum[W[[k+1,j+2511*X[[1,31],{j,1,p}];1];

8

-

=3
I

Array[h, {lenk, n}];

max = Array[h, {lenk, n}];
yt = Array[h, {n, 1}];

Yt = Array[h, {lenk, n}];

For[k = 1, k <= lenk, k++, For[i = 1, i <= n, i++,

yt[[il]=Piecewise [{{(x-(X[[i,13]1]1-X[[i,1411))/X[[i,14]],X[[1i,13]1]1-X[[1i,14]1]1<=x<=X[[1,13]1]1},{(X[[1,13]]
+X[[i, 1511 - x)/X[[i, 1511, X[[i, 13]] <= x <= X[[i, 13]] + X[[i, 15]1}}1;
Yt[[k,i]]=Piecewise [{{(x-(Yhat1[[k,i]]-Yhat2[[k,i]]))/Yhat2[[k,i]],Yhat1[[k, i]]l-Yhat2[[k,i]]<=x<=
Yhat1[[k,i]1},{(Yhat1[[k,il1+Yhat3[[k,il]-x)/Yhat3[[k,i]],Yhat1[[k,i]]<=x<=Yhat1[[k,i]]+Yhat3[[k,i]1}}];

min[[k, i]] = Min[Yhati[[k, i]] - Yhat2[[k, i]], X[[i, 13]] - X[[i, 1411];

Max[Yhat1[[k, il] + Yhat3[[k, i]], X[[i, 13]] + X[[i, 1511]1; 11;

v2 = {{"k", "TE1", "T\[Lambda]"}};

max[[k, i]]

Ers = Array[h, {lenk, n}];
\[Lambda] = Array[h, {lenk, n}];
For[k = 1, k <= lenk, k++, For[i = 1, i <= n, i++,
Ers[[k, i]] = Integrate[Abs[Yt[[k, i]l] - yt[[il1], {x, min[[k, il], max[[k, i11}];
\[Lambda] [[k, i]] = Abs[Y[[i, 111 - Yhati[[k, i111; 11;
T\[Lambda] = Array[h, {lenk, 13}];
TErs = Array[h, {lenk, 1}];

Forl[k 1, k <= lenk, k++, TErs[[k]] = Sum[Ers([[k, ill, {i, 1, n}];

T\[Lambda] [[k]] = Sum[\[Lambda]l [[k, i]], {i, 1, n}];
AppendTo[V2, {k, TErs[[k]], T\[Lambdal[[k]11}1]1;

pow Jas w bgypo gbBAS V.0

AN LJg«X;’ aQ lsgg‘ro R leibdf;

rm(list = 1s())
#

set.seed(2234)

# packages

library(lasso2)
library(fit.models)
library(MASS)
library(mvtnorm)
library(Matrix)
library(foreach)
library(glmnet)
library(SparseM)
library(quantreg)

#

n <- 50 #number of observation
B <- 100 #number of iteration
epsilon <- 0.2 #contamination level
beta0 <- ¢(3,1.5,0,0,2,0,0,0) #real parametears

p <- length(betal) #number of variables
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Rho = 0.99 #multiple colinarity inetensy
mu.xcont <- ¢(5,3,6,2,7,8,4,9) #contaminated location parameter
sigma.cont <- diag(p) #contaminated scale parameter

betal <- c(rep(1,p)) #contaminated coefficients

m <- floor(epsilon*n) #number of contaminated observation
sigmas <- 0.5 #controls signal-to-noise ratio

msigma <- matrix(NA,nrow = p ,ncol = p) #matrix V

CN <- c(rep(NA,B)) #for colinearity

# vij
for (i in 1:p) {
for (j in 1:p) {
msigmali,j] <- 0.57(abs(i-j))

# iterater

betah_ladlasso <- matrix(NA,nrow = p ,ncol = B)

betah_mm <- matrix(NA,nrow = p ,ncol = B)

betah_olasso <- matrix(NA,nrow = p ,ncol = B)
for(b in 1:B){

# data generation

e <- rt(n-m, df =3) # error term(vertical observation)
z.new <- rmvnorm(n-m, mean = c(rep(0,p)), sigma = msigma)
xg= matrix(NA,nr = nrow(z.new),nc = ncol(z.new))
for(i.Rho in 1:nrow(z.new)){
for(j.Rho in 1:ncol(z.new)){
xg[i.Rho,j.Rho] <- (sqrt(1-Rho~2))*z.new[i.Rho,j.Rho] + Rho*z.new[i.Rho,p]

}
yg <- c(xg %*% beta0 + sigmas*e) #good responses

x.cont <- rmvnorm(m , mean=mu.xcont , sigma=sigma.cont) #conteminated predictors

y.cont <- c(x.cont %x% betal) #contaminated responses
x.total <- rbind(xg , x.cont) #combine explanatory
y.total <- c(yg , y.cont) #combine responses

# initial beta with lmrob

mm.e <- rlm(y.total ~ -1 + x.total , method = "M")

betah_mm[,b] <- as.numeric(mm.e$coefficients)

lasso.e <- cv.glmnet(x.total , y.total , alpha = 1 , intercept = FALSE)
olasso_beta <- as.numeric(coef(lasso.e, s = "lambda.min"))
betah_olasso[,b] <- olasso_betal[-1]

#

LAD.LASSO<-function(X,Y){
n=nrow (X)
p=ncol(X)
Y <- as.matrix(Y)
lam<-numeric(p)
e.mat<-matrix(0, nr=p, nc=p)
Y1<-Y-median(Y)

m.X<-apply(X,2,median)
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X1<-X-m.X
data=as.data.frame(cbind(X1,Y1))
lad<-coef (rq(Y1 ~ X1-1,0.5))
for(j in 1:p){

lam[j]= log(n)/(n*abs(lad[jl))

e.mat[j,jl=1

X.new<-rbind(X,e.mat)
Y.new<-rbind(Y,matrix(rep(0,p) ,nr=p))
lad.lasso<-coef (rq(Y.new ~ X.new-1,0.5))

return(round(lad.lasso,9))

#

betah_ladlasso[,b] <- LAD.LASSO(x.total , y.total)

CN[b]l= kappa(t(x.total)¥*%x.total)
cat("CN=",CN[b], "b=",b)

# MSE for each one of beta

#

vSE_mmb <- matrix(NA,nrow = B ,ncol = p)
vSE_rrb <- matrix(NA,nrow = B ,ncol = p)
vSE_mrb <- matrix(NA,nrow = B ,ncol = p)
MSE_mmb <- matrix(NA,nrow = p ,ncol = 1)
MSE_rrb <- matrix(NA,nrow = p ,ncol = 1)
MSE_mrb <- matrix(NA,nrow = p ,ncol = 1)

for (j in 1:p){
for(i in 1:B){

vSE_mrb[i,j] <- betah_ladlasso[j,i] - betaO[j]

vSE_mmb[i,j] <- betah_mm[j,i] - betaO[j]

vSE_rrb[i,j] <- betah_olasso[j,i] - betaO[j]

}

for (j in 1:p){
MSE_mmb [j] <- (1/B)*(sum((vSE_mmb[,j1)"2))
MSE_rrb[j] <- (1/B)*(sum((vSE_rrb[,jl)~2))
MSE_mrb[j] <- (1/B)*(sum((vSE_mrbl[,j1)"2))

# MSE for vector beta

se_mrba <- betah_ladlasso - betaO
se_mmba <- betah_mm - betal
se_rrba <- betah_olasso - betal
semrbeta <- c(rep(NA,B))

semmbeta <- c(rep(NA,B))

serrbeta <- c(rep(NA,B))

for(i in 1:B){
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semrbetal[i] <- t(se_mrbal,i])%*%se_mrbal,i]
semmbetal[i] <- t(se_mmbal,i])%*%se_mmbal,i]
serrbetal[i] <- t(se_rrbal,i])%*¥se_rrbal,i]

}

#semrbeta

#semmbeta

#serrbeta

MSEbmr <- mean(semrbeta)

MSEbmm <- mean(semmbeta)

MSEbrr <- mean(serrbeta)

# mean prediction error
yhat_mrb <- matrix(NA,nrow = n ,ncol = B)
yhat_mmb <- matrix(NA,nrow = n ,ncol = B)
yhat_rrb <- matrix(NA,nrow = n ,ncol = B)

semry <- c(rep(NA,B))
semmy <- c(rep(NA,B))
serry <- c(rep(NA,B))
for(i in 1:B){
yhat_mrb[,i] <- x.totall*)betah_ladlassol[,i]
yhat_mmb[,i] <- x.total¥*)betah_mm[,i]
yhat_rrb[,i] <- x.total)*)betah_olasso[,i]
se_mry <- yhat_mrb - y.total
se_mmy <- yhat_mmb - y.total
se_rry <- yhat_rrb - y.total
}
for(i in 1:B){
semry[i] <- t(se_mryl[,i])%*%se_mryl[,i]
semmy [i] <- t(se_mmy[,i])%*%se_mmy[,i]

serry[i] <- t(se_rryl[,il)%x¥%se_rry[,i]

# count the zeros and non-zeros

zero_ladlasso <- 0
zero_olasso <- 0
zero_mm <- 0O
true_nonzero <- 0
for (j in 1:p){
for(i in 1:B){
if (abs(betah_ladlassol[j,i]) < 107(-1)){
zero_ladlasso <- zero_ladlasso + 1
}
if (abs(betah_olasso[j,i]) < 107(-1)){
zero_olasso <- zero_olasso + 1
}
if (abs(betah_mm[j,i]) < 107(-1)){
zero_mm <- zero_mm + 1

}
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C_ladlasso <- zero_ladlasso/B

C_olasso <- zero_olasso/B

C_mm <- zero_mm/B

number_zero <- matrix(c(C_mm,C_ladlasso,C_olasso), nrow = 1 , ncol = 3, byrow = F,
dimnames = list(1 , c("C_mm","C_ladlasso","C_olasso")))

# results

MSE_allbeta <- matrix(c(MSE_mmb,MSE_mrb,MSE_rrb), nrow = p , ncol = 3, byrow = F,
dimnames = list(c(seq(1l,p)) , c("MSE_allmmb","MSE_allladb","MSE_allolassob")))
MSE_allbeta

MSE_vecbeta <- matrix(c(MSEbmm,MSEbmr,MSEbrr), nrow = 1 , ncol = 3, byrow = F,
dimnames = list(1 , c("MSE_vecmmb","MSE_vecladb","MSE_vecplassob")))
MSE_vecbeta

MSE_predicty <- matrix(c(mean(semmy),mean(semry),mean(serry),sqrt(mean(semmy))
,sqrt (mean(semry)) ,sqrt(mean(serry))), nrow = 2 , ncol = 3, byrow = T,
dimnames = list(c(1,2) , c("MSE_ymm","MSE_ylad","MSE_yolasso")))

MSE_predicty

mean (CN)

number_zero

)}é‘ﬁji )" oolazewl L ). VLY S Lg)’té )‘53.«»‘ 9»5/ ujM)f) L ‘I"ﬁfﬁ ) slaas
SO I LSOO

X = Import["E:\\ridge-data.xlsx", {"Data", 2}];
n = Length[Transpose[X] [[1]1];

a = 0;

b = 5;

c = 0.5;

p=4

mA = Array[h, {p, 1}];

1A = Array[h, {p, 1}1;

rA = Array[h, {p, 1}];

Ao = {mAO, 1A0, rAO};

mAp = {mpl, mp2, mp3, mpd};
1Ap = {1p1, 1p2, 1p3, 1p4};

rAp = {rpl, rp2, rp3, rp4};

mAz = {mzl, mz2, mz3, mz4};
1Az = {1z1, 1z2, 1z3, 1z4};
rAz = {rzl, rz2, rz3, rzd};
Yhat = Array[h, {n, 3}];

Y

Array[w, {n, 3}];
d = 1{};
For[j = 1, j <= p, j++,
d=Join[d,{Ao[[2]]1>=0,A0[[3]]1>=0,mAp[[j]1]1>=0,mAz[[j]] >=0,1Ap[[j11>=0,1Az[[j1]1>= O,rAp[[jl]1>=0,
rAz[[j1] >= 0, mAp[[j]] - 1Ap[[jl1] >= 0, mAz[[j]] - rAz[[j]1] >= 0}1];
For[i =1, i <= n, i++,
YO[i, 111 = X[[i, 1311;
YO[i, 211 = X[[i, 1411;
Y[[i, 311 = X[[i, 1511; 1;
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For[i =1, i <= n, i++,
Yhat[[i, 111 = Ao[[11] + Sum[(mAp[[j1] - mAz[[j11)*X[[i, j11, {j, 1, p}1;
Yhat [[1,2]1]1=Ao[[2]]+Sum[mAp[[jI11*X[[i,j+4]11+1Ap[[j11*X[[i,j]1]+mAz[[j1]1+X[[i,j+811+1Az[[j11*X[[i,31],{j,1,p}];
Yhat [[i,3]]1=Ao[[3]]+Sum[mAp[[j1]*X[[i,j+81]1+rAp[[j11*X[[i,j]1]+mAz[[j1]*X[[i,j+4]1]1+rAz[[j11*X[[i,311,{j,1,p}];];
w={{"k","Q1","mA0","1A0","rA0", "mp1", "mp2", "mp3", "mp4","1pi","1p2","1p3","1p4", "rpl", "rp2", "rp3, "rpa"
s "mz1" N "mz2" s "mz3" > "mz4" s "lz1" s "1z2" N "1z3" s "1z4" > "rzl" s "rz2" s "rz3" N "1'24"}};
For[k = a, k <= b, k += c,
Q1=NMinimize [{Sum[Abs[Yhat[[i,1]]1-Y[[i,1]]],{i,1,n}]+Sum[Abs [Yhat [[i,2]1-Y[[i,2]1]],{i,1,n}]
+Sum[Abs [Yhat [[i,3]]1-Y[[i,3]1],{i,1,n}]+k*(Sum[Abs [mAp[[j]1]1-mAz[[j1]1]1+Abs [1Ap[[j1]1+1Az[[j1]1]
+Abs [rAp[[j11+rAz[[j11],{j,1,p}]1+Abs[Ao[[1]]1]+Abs[Ao[[2]1]1]+Abs[Ao[[3]1]1]),d},{mAO,1A0, A0, mpl,mp2
,mp3,mp4,1p1,1p2,1p3,1p4,rpl,rp2,rp3,rp4,mzl,mz2,mz3,mz4,1z1,122,123,12z4,rzl,rz2,rz3,rz4}] ;

AppendTo [W, {k,Q1[[1]]1,Q1[[2,1,21]1,Q1[[2,2,2]]1,Q1([2,3,211,Q1([2,4,2]11,Q1[[2,5,211,Q1([2,6,2]1]1,Q1[[2,7,2]]
,Q1[[2,8,211,Q1[[2,9,2]11,Q1[[2,10,211,Q1[[2,11,2]11,Q1[[2,12,21],Q1[[2,13,2]11,Q1[[2,14,2]]
,Q1[[2,15,2]11,Q1[[2,16,2]],Q1[[2,17,2]1]1,Q1[[2,18,2]],Q1[[2,19,2]1]1,Q1[[2,20,2]1],Q1[[2,21,2]]
,Q10[2,22,211,Q1[[2,23,211,Q1[[2,24,211,Q1[[2,25,211,Q1[[2,26,2]11,Q1[[2, 27, 2]1}]; Print[k]]

W

B = {{"x", "mA1", "1A1", "rA1", "mA2", "1A2", "rA2", "mA3", "1A3", "rA3", "mA4", "1A4", "rA4"}}

lenk = Floor[(b - a)/c + 1];

mA = Array[h, {lenk, p}];
1A = Array[h, {lenk, p}];
rA = Array[h, {lenk, p}];

For[k = 1, k < Length[Transpose[W] [[1]1]], k++,
For[j =1, j <= p, j++,
mA[[k, j1]1 = Wllk + 1, j + 511 - Wllk + 1, j + 171];
1ALLk, j11 = Wllk + 1, j + 911 + Wllk + 1, j + 2111;
rAllk, j11 = Wllk + 1, j + 1311 + Wllk + 1, j + 2511; 1;
AppendTo[B, {k,mA[[k,1]],1A[[k,1]],rA[[k,1]],mA[[k,2]1],1A[[k,2]],rA[[k,2]],mA[[k,3]],1A[[k,3]1],rA[[k,3]]
,mA[[k,4]]1,1A[[k,4]],rA[[k,411}1];
B
Yhatl = Array[h, {lenk, n}];

Yhat2

Array[h, {lenk, n}];
Yhat3

Array[h, {lenk, n}];

For[k = 1, k <= lenk, k++, For[i = 1, i <= n, i++,
Yhat1[[k,i11=W[[k+1,3]]1+Sum[W[[k+1,j+511*X[[i,j1]1,{j,1,p}]-Sum[W[[k+1,j+1711*X[[1,31],{j,1,p}];
Yhat2[[k,i11=W[[k+1,4]]1+Sum[W[[k+1,j+5]11*X[[i,j+41]1, {j,1,p}]+Sum[Wl[k+1,j+911*X[[1,31],{j,1,p}]

+Sum [W[[k+1,j+1711*X[[i,j+811,{j,1,p}]1+Sum[W[[k+1,j+2111*X[[i,j1],{j,1,p}];
Yhat3[[k,i]]1=W[[k+1,5]]+Sum[W[[k+1,j+5]1*X[[i,j+8]],{j,1,p}]+Sum[W[[k+1,j+131]1*X[[i,j]1]1,{j,1,p}]
+ Sum[W[[k+1,j+17]]*X[[i,j+41],{j,1,p})+Sum[W[[k+1,j+25]]*X[[i,3j]1],{j,1,p}]1;1];
Array[h, {lenk, n}];

8
i
B

1

max = Array[h, {lenk, n}];

yt = Array[h, {n, 1}];

Yt

Array[h, {lenk, n}];
For[k = 1, k <= lenk, k++, For[i = 1, i <= n, i++,
yt[[il]=Piecewise [{{(x-(X[[i,13]]1-X[[1,1411))/X[[i,14]1],X[[1i,13]]1-X[[1i,14]]1<=x<=X[[1,13]1]},{(X[[1,13]]

+ X[[i, 1511 - x)/X[[i, 1511, X[[i, 13]] <= x <= X[[i, 13]1] + X[[i, 1511}}]1;
Yt[[k,i]]=Piecewise [{{(x-(Yhat1[[k,i]]-Yhat2[[k,i]]1))/Yhat2[[k,i]],Yhat1[[k,i]]-Yhat2[[k,i]]<=x<=
Yhat1[[k,i11},{(Yhat1[[k,i]1+Yhat3[[k,il1-x)/Yhat3[[k,i]],Yhat1[[k,i]]1<=x<=Yhat1[[k,i]]1+Yhat3[[k,i]11}}];
min[[k, i]] = Min[Yhat1[[k, il] - Yhat2[[k, il1,X[[i, 1311 - X[[i, 14111;
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max[[k, i]] = Max[Yhat1[[k, il] + Yhat3[[k, ill, X[[i, 1311 + X[[i, 15111; 11;
v2 = {{"k", "TE1", "T\[Lambdal"}};
Ers = Array[h, {lenk, n}];
\[Lambda] = Array[h, {lenk, n}];
For[k = 1, k <= lenk, k++, For[i = 1, i <= n, i++,
Ers[[k, i]] =Integrate[Abs[Yt[[k, i]] - yt[[i]l1], {x, min[[k, i]], max[[k, 1]11}];
\[Lambda] [[k, i]] = Abs[Y[[i, 111 - Yhat1[[k, i]111; 11;
T\ [Lambda] = Array[h, {lenk, 1}];
TErs = Array[h, {lenk, 1}];
For[k = 1, k <= lenk, k++,
TErs[[k]] = Sum[Ers[[k, i]], {i, 1, n}];
T\ [Lambda] [[k]] = Sum[\[Lambdal [[k, i]], {i, 1, n}];
AppendTo[V2, {k, TErs[[k]], T\[Lambda] [[k]1}1];
V2

ek Jad 4 by po slaus’ Y0
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rm(list = 1s())
#

set.seed(2234)

# packages

library(lasso2)
library(mvtnorm)
library(fit.models)
library(robust)
library(Matrix)
library(foreach)
library(glmnet)

#

# findelbow function

#

findElbow <- function(y, plot = FALSE, returnIndex = TRUE) {
# The following helper functions were found at
# paulbourke.net/geometry/pointlineplane/pointline.r
# via the SO reference below. The short segment check
# was modified to permit vectorization.

B4

## Credits:

## Theory by Paul Bourke http://local.wasp.uwa.edu.au/~pbourke/geometry/pointline/
## Based in part on C code by Damian Coventry Tuesday, 16 July 2002

## Based on VBA code by Brandon Crosby 9-6-05 (2 dimensions)

## With grateful thanks for answering our needs!

## This is an R (http://www.r-project.org) implementation by Gregoire Thomas 7/11/08

B4

distancePointLine <- function(x, y, slope, intercept) {
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## x, y is the point to test.
## slope, intercept is the line to check distance.
##
## Returns distance from the line.
##
## Returns 9999 on O denominator conditions.
x1 <- x-10
x2 <- x+10
y1l <- xl*slope+intercept
y2 <- x2*slope+intercept
distancePointSegment (x,y, x1,yl, x2,y2)
}
distancePointSegment <- function(px, py, x1, yi1, x2, y2) {
## px,py is the point to test.
## x1,y1,x2,y2 is the line to check distance.
## Returns distance from the line, or if the intersecting
##point on the line nearest
## the point tested is outside the endpoints of the line, the distance to the
## nearest endpoint.
##
## Returns 9999 on O denominator conditioms.
lineMagnitude <- function(xl, y1, x2, y2) sqrt((x2-x1)~2+(y2-y1)~2)
ans <- NULL
ix <- iy <- 0 # intersecting point
lineMag <- lineMagnitude(x1l, y1, x2, y2)
if (any(lineMag < 0.00000001)) { # modified for vectorization by BAH
#warning ("short segment")
#return(9999)
warning("At least one line segment given by x1, y1, x2, y2 is very short.")
}
u <- (((px - x1) * (x2 - x1)) + ((py - y1) * (y2 - y1)))
u <- u / (lineMag * lineMag)
if (any((u < 0.00001) || (u > 1))) { # BAH added any to vectorize
## closest point does not fall within the line segment
##, take the shorter distance
## to an endpoint
ix <- lineMagnitude(px, py, x1, y1)
iy <- lineMagnitude(px, py, x2, y2)
if(ix > iy) ans <- iy
else ans <- ix
} else {
## Intersecting point is on the line, use the formula
ix <= x1 + u * (x2 - x1)
iy <= y1 + u * (y2 - y1)

ans <- lineMagnitude(px, py, ix, iy)

ans
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# End of helper functions by PB

### Now for the actual findElbow function!

# Find the elbow using the method described in

# stackoverflow.com/a/2022348/633251

# but translated to R (see above).

# Add an index to argument values for easy plotting
DF <- data.frame(x = 1:length(y), y = y)

fit <- Im(y ~ x, DF[c(1,nrow(DF)),]) # 2 point 'fit'
m <- coef (fit) [2]

<- coef (fit) [1]

Check to make sure the data is concave as described
in the documentation, as arbitrary trends could give
misleading answers. The following approach simply
checks to make sure all values are either above or

below the reference line. This allows the values

# H ® ¥ H* ® O

to vary quite a bit and still return an answer.
concave <- FALSE
use <- 2:(nrow(DF)-1)
refpts <- m*DF$x[use] + b
if (all(refpts > DF$yl[usel) | all(refpts < DF$y[usel)) concave <- TRUE
if (!concave) stop("Your curve doesn't appear to be concave")
# Calculate the orthogonal distances
use <- 2:(nrow(DF)-1)
elbowd <- distancePointLine(DF$x[use], DF$yl[usel, coef(fit)[2], coef(fit)[1])
DF$dist <- c(NA, elbowd, NA) # first & last points don't have a distance
if (plot) {

edm <- which.max(DF$dist)
plot(DF[,1:2], type = "b", xlab = "index", ylab = "y values",

main = "Looking for the Elbow")
segments (DF$x[1], DF$y[1],
DF$x [nrow(DF)], DF$y[nrow(DF)], col = "red")

points(DF$x[edm], DF$y[edm], cex = 1.5, col = "red")

points(DF$x[edm], DF$y[edm], pch = 20)
}
if (returnIndex) return(which.max(DF$dist))

if (!returnIndex) return(DF)

} # end of findElbow

#

n <- 50 #number of observation

gamma <- 0.5 #control parameter

B <- 100 #number of iteration

epsilon <- 0.2 #contamination level

beta0 <- ¢(3,1.5,0,0,2,0,0,0) #real parametears

p <- length(beta0) #number of variables

Rho = 0.99 #multiple colinarity inetensy
mu.xcont <- ¢(5,3,6,2,7,8,4,9) #contaminated location parameter

sigma.cont <- diag(p) #contaminated scale parameter
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betal <- c(rep(1,p)) #contamination-beta-parameter
m <- floor(epsilon*n) #number of contaminated observation
sigmas <- 0.5 #controls signal-to-noise ratio

msigma <- matrix(NA,nrow = p ,ncol = p) #matrix V

CN <- c(rep(NA,B)) #for colinearity

for (i.vm in 1:p) {
for (j.vm in 1:p) {

msigmali.vm,j.vm] <- 0.57(abs(i.vm-j.vm))

# iterater

betah_update <- matrix(NA,nrow = p ,ncol = B)

betah_mm <- matrix(NA,nrow = p ,ncol = B)

betah_rr <- matrix(NA,nrow = p ,ncol = B)

betah_lasso <- matrix(NA,nrow = p ,ncol = B)
for(b in 1:B){

# data generation

e <- rt(n-m, df =3)
z.new <- rmvnorm(n-m, mean = c(rep(0,p)), sigma = msigma)
xg= matrix(NA,nr = nrow(z.new),nc = ncol(z.new))
for(i.Rho in 1:nrow(z.new)){
for(j.Rho in 1:ncol(z.new)){
xg[i.Rho,j.Rho] <- (sqrt(1-Rho~2))#*z.new[i.Rho,j.Rho]
+ Rho*z.new[i.Rho,p]

}

yg <- c(xg %*% betal + sigmas*e)

x.cont <- rmvnorm(m , mean=mu.xcont , sigma=sigma.cont)
y.cont <- c(x.cont %*}, betal)

x.total <- rbind(xg , x.cont)

y.total <- c(yg , y.cont)

#boxplot(x.total)

# initial beta with lmrob

mm.e <- lmRob(y.total ~ -1 + x.total) #calculate MM-Estimation
betah_mm[,b] <- as.numeric(mm.e$coefficients)

#

rr.e <- cv.glmnet(x.total , y.total , alpha = O , intercept = FALSE)
oridge_beta <- as.numeric(coef(rr.e, s = "lambda.min"))

#

olasso.e <- cv.glmnet(x.total , y.total , alpha = 1 , intercept = FALSE)
olasso_beta <- as.numeric(coef(olasso.e, s = "lambda.min"))

#

betah_rr[,b] <- oridge_betal[-1]

betah_lasso[,b] <- olasso_betal[-1]
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a_re <- 0
beta_mm2 <- betah_mm[,b]
beta_iter <- matrix(0,nrow = p ,ncol = 1)
repeat{

if (beta_mm2 - beta_iter <= 107-1 ) break
y_hat <- x.total’*}, beta_mm2

# residuals

r_beta <- y.total - y_hat

# r.beta/sigma_s

rt_beta <- r_beta/sigmas

# Hubor function

rho_1 <- array(NA , c(n))
for(i.rhol in 1:n){
rho_1[i.rhol] <- min(1 , 1-(1-(rt_betali.rho1])"2)"3)
}
#__ derivation Hubor function _________________
psi_1 <- array(NA , c(n))
for(i.psil in 1:n){
psi_1[i.psil] <- (rt_betali.psil]>(-1) & rt_betal[i.psil]<1)x*
((6*rt_betali.psil])-(12*(rt_betali.psil]~3))+(6*(rt_betali.psil]”5)))
+(rt_betali.psil]>=1)*0+(rt_betal[i.psill<=(-1))*0
}
# Matrix W(beta)

w_s <- array(NA , c(n))

for(i.w.s in 1:n){

w_s[i.w.s] <- psi_1[i.w.s]/rt_betal[i.w.s]
}

#

W_beta <- diag(w_s)

# Matrix WO(beta)

wO_s <- array(NA , c(p))

for(j.w0.s in 1:p){

wO_s[j.w0.s] <- abs(beta_mm2[j.w0.s]) (gamma - 2)
}

#

WO_beta <- diag(wO_s)

# inverse matrix & estimata robust bridge _
lamb <- seq(0 , 5000 , by=1)

lambda <- lamb[-1]

1_1 <- length(lambda)

1.b <- array(NA , c(p,1_1))

#
tBIC_b <- array(NA , c(1_1))
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for(l in 1:1_1){
1.b[,1] <- solve(t(x.total)’*%W_betal’*%x.total + lambdal[l]
xgamma*W0_beta) %*/t (x.total) %*%W_betal*%y.total
#

y_hl <- x.total%*% 1.b[,1]
#

r_bl <- y.total - y_hl
#

rt_bl <- r_bl/sigmas
#

rho <- array(NA , c(n))
for(i.rho.t in 1:n){
rhol[i.rho.t] <- min(1 , 1-(1-(rt_bl[i.rho.t])"2)"3)
}
#

psi <- array(NA , c(n))
for(i.psi.t in 1:n){
psili.psi.t] <- (rt_blli.psi.t]>(-1) & rt_bl[i.psi.t]<1)*
((6*rt_bl[i.psi.t])-(12*(rt_bl[i.psi.t]"3))+(6*(rt_bl[i.psi.t]"5)))
+(rt_bl[i.psi.t]>=1)*0+(rt_bl[i.psi.t]I<=(-1))*0
}
#

w_sl <- array(NA , c(n))

for(i.wl.sl in 1:n){

w_sl[i.wl.s1] <- psili.wl.s1]/rt_bl[i.wl.s1]
}

#

W_bl <- diag(w_sl)
#

wO_sl <- array(NA , c(p))

for(j.w0.s1 in 1:p){

wO_s1[j.w0.s1] <- abs(l.b[j.w0.s1,1]) " (gamma - 2)
}

#

WO_bl <- diag(wO_sl)
#

Hat <- (x.total)%x*%(solve(t(x.total)%*%W_bl%*%x.total
+ lambda[1]*gamma*WO_bl))%*% (t (x.total))%*%(W_beta)
#

tBIC_b[1] <- n*log((sigmas~2)*(sum(rho)))+tr(Hat)*log(n)
#

#

}
#tBIC_b
#length (tBIC_b)
#plot (tBIC_b)

#plot(y.total)
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#pairs(x.total)

#par (mfcol = c(2, 1))
#boxplot (x.total)
#boxplot (y.total)

##par (mfcol = c(2, 1))
index = findElbow (tBIC_b)
index.b = tBIC_b[index]
betah.n <- 1.b[,index.b]
beta_iter <- beta_mm2
beta_mm2 <- betah.n
a_re <- a_re+l

print(a_re)

#
#betah.n
betah_update[,b] <- beta_mm2
CN[b]= kappa(t(x.total)?*%x.total)
cat("CN=",CN[b], "b=",b)

# print(b)

# MSE for each one of beta

#

vSE_mmb <- matrix(NA,nrow = B ,ncol = p)
vSE_rrb <- matrix(NA,nrow = B ,ncol = p)
vSE_mrb <- matrix(NA,nrow = B ,ncol = p)

vSE_lassob <- matrix(NA,nrow = B ,ncol = p)
#

MSE_mmb <- matrix(NA,nrow = p ,ncol = 1)

1)

1)

MSE_lassob <- matrix(NA,nrow = p ,ncol = 1)

MSE_rrb <- matrix(NA,nrow = p ,ncol

MSE_mrb <- matrix(NA,nrow = p ,ncol

#
for (j.MSEeb in 1:p){
for(i.MSEeb in 1:B){
vSE_mrb[i.MSEeb, j.MSEeb] <- betah_update[j.MSEeb,i.MSEeb] - betaO[j.MSEeb]
vSE_mmb [i.MSEeb, j.MSEeb] <- betah_mm[j.MSEeb,i.MSEeb] - betaO[j.MSEeb]
vSE_rrb[i.MSEeb, j.MSEeb] <- betah_rr[j.MSEeb,i.MSEeb] - betal[j.MSEeb]
vSE_lassob[i.MSEeb, j.MSEeb] <- betah_lasso[j.MSEeb,i.MSEeb] - betaO[j.MSEeb]

}

#

for (j.meb in 1:p){
MSE_mmb [j .meb] <- (1/B)*(sum((vSE_mmb[,j.mebl)~2))
MSE_rrb[j.meb] <- (1/B)*(sum((vSE_rrbl[,j.meb])"2))
MSE_mrb[j.meb] <- (1/B)*(sum((vSE_mrb[,j.meb])~2))
MSE_lassob[j.meb] <- (1/B)*(sum((vSE_lassobl[,j.meb])~2))
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se_mrba <- b
se_mmba <- b
se_rrba <- b
se_lassoba <
semrbeta <-
semmbeta <-
serrbeta <-
selassobeta
for(i.se.be
semrbetali
semmbetali

serrbetali

MSE for vector beta

etah_update - betal
etah_mm - betal
etah_rr - betal

- betah_lasso - betal
c(rep(NA,B))
c(rep(NA,B))
c(rep(NA,B))

<- c(rep(NA,B))

in 1:B){

.se.be] <- t(se_mrbal,i.se.bel])%*)se_mrbal[,i.se.bel

.se.be] <- t(se_mmbal,i.se.bel])%*)se_mmbal[,i.se.be]

.se.be] <- t(se_rrbal,i.se.bel)%*)se_rrbal,i.se.be]

al[i.se.be] <- t(se_lassobal[,i.se.bel)%*%se_lassobal,i.se.be]

an(semrbeta)
an (semmbeta)
an(serrbeta)

mean (selassobeta)

selassobet
}
MSEbmr <- me
MSEbmm <- me
MSEbrr <- me
MSEblasso <-
#
yhat_mrb <-
yhat_mmb <-
yhat_rrb <-

yhat_lassob
semry <- c(r
semmy <- c(r
serry <- c(r
selassoy <-
for(i.sey in
yhat_mrb[,
yhat_mmb[,
yhat_rrbl[,

yhat_lasso

se_mry <-
se_mmy <-
se_rry <-

se_lassoy

for(i.se.yh

semry[i.se

semmy [i.se.

serry[i.se.

selassoy[i

vec_zeros <-

matrix(NA,nrow = n ,ncol
matrix(NA,nrow = n ,ncol

matrix(NA,nrow = n ,ncol

<- matrix(NA,nrow = n ,ncol = B)

ep(NA,B))
ep(NA,B))
ep(NA,B))
c(rep(NA,B))
1:B){

mean prediction error

B)
B)
B)

i.sey] <- x.total’xJbetah_update[,i.sey]

i.sey] <- x.totalVxJbetah_mm[,i.sey]

i.sey] <- x.totallx*Jbetah_rr[,i.sey]
y y

b[,i.sey] <- x.totallx*}betah_lasso[,i.sey]

yhat_mrb - y.total
yhat_mmb - y.total
yhat_rrb - y.total

<- yhat_lassob - y.total
}

in 1:B){

.yh] <- t(se_mryl[,i.se.yh])¥%*Vse_mry[,i.se.yh]

yh] <- t(se_mmy[,i.se.yh])%*)se_mmy[,i.se.yh]
yh] <- t(se_rryl[,i.se.yh])%*%se_rry[,i.se.yh]

.se.yh] <- t(se_lassoyl[,i.se.yh])%*Yse_lassoy[,i.se.yh]

count the zeros and non-zeros

c(which(beta0 == 0))
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zero_bridge <- 0
zero_olasso <- 0
zero_mm <- O
for (j.zero in 1:length(vec_zeros)){
for(i.zero in 1:B){
if (abs(betah_update[vec_zeros[j.zero],i.zero]) < 107(-1)){
zero_bridge <- zero_bridge + 1
}
if (abs(betah_lasso[vec_zeros[j.zerol,i.zero]) < 107(-1)){
zero_olasso <- zero_olasso + 1
}
if (abs(betah_mm[vec_zeros[j.zero],i.zero]) < 107(-1)){
zero_mm <- zero_mm + 1

}

¥
C_bridge <- zero_bridge/B
C_olasso <- zero_olasso/B
C_mm <- zero_mm/B
#IC <- s_n/B
#IC
C_zero <- matrix(c(C_mm,C_bridge,C_olasso), nrow = 1 , ncol = 3, byrow = F,
dimnames = list(1 , c("C_mm","C_bridge","C_olasso")))
#__ number of nonzeros that cont as zero wrongly _
vec_nzero <- c(which(betalO !'= 0))
nzw_bridge <- 0
nzw_olasso <- 0
nzw_mm <- 0
for(j.nonz in 1:length(vec_nzero)){
for(i.nonz in 1:B){
if (abs(betah_update[vec_nzero[j.nonz],i.nonz]) < 107(-1)){
nzw_bridge <- nzw_bridge + 1
}
if (abs(betah_lasso[vec_nzero[j.nonz],i.nonz]) < 107(-1)){
nzw_olasso <- nzw_olasso + 1
}
if (abs(betah_mm[vec_nzero[j.nonz],i.nonz]) < 107(-1)){
nzw_mm <- nzw_mm + 1

}

}
IC_bridge <- nzw_bridge/B
IC_olasso <- nzw_olasso/B
IC_mm <- nzw_mm/B
IC_nzero <- matrix(c(IC_mm,IC_bridge,IC_olasso), nrow = 1 , ncol = 3, byrow = F,
dimnames = list(1 , c("IC_mm","IC_br","IC_olasso")))

# results

#



2S5l (gloau;T WF

MSE_allbeta <- matrix(c(MSE_mmb,MSE_mrb,MSE_rrb,MSE_lassob), nrow = p

,ncol = 4, byrow = F,

dimnames = list(c(seq(1l,p)) , c("beta_MM","beta_MM-BR","beta_RR","beta_LASS0")))
MSE_allbeta

#

MSE_vecbeta <- matrix(c(MSEbmm,MSEbmr,MSEbrr,MSEblasso), nrow = 1

, ncol = 4, byrow = F,

dimnames = 1list(1 , c("beta_MM","beta_MM-BR","beta_RR","beta_LASS0")))
MSE_vecbeta

#

MSE_predicty <- matrix(c(mean(semmy),mean(semry),mean(serry)
,mean(selassoy) ,sqrt(mean(semmy)) ,sqrt (mean(semry)),sqrt (mean(serry))

,sqrt (mean(selassoy))), nrow = 2 , ncol = 4, byrow = T,dimnames =
list(c("MSE_p","sqrt") , c("beta_MM","beta MM-BR","beta_RR","beta_LASS0")))
#

MSE_predicty

#

mean (CN)

C_zero

IC_nzero
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Abstract

The estimation of regression parameters is very important in analysing and predicting data. A
common method is the least squares estimator that it does not have good performance in case of
multicollinearity, so that the shrinkage estimators were born. One of these most popular techniques
is bridge estimator. Also, the least squares and shrinkage estimators are influenced by outliers. Al-
though, there are many papers about these estimators, the suggested methods are not good when
the data suffers multicollinearity problem. In this dissertation, we propose a new method called
robust bridge that controls the existence outliers and high multicollinearity. Also, the asymptotic
behavior of this estimator is studied and the computational algorithm is introduced. As a special

case, the robust LASSO and ridge and their fuzzied versions are verified.

Keywords: Shrinkage Methods, Bridge Regression, Robust Methods, Robust Bridge Regres-

sion, Fuzzy Regression, Robust Fuzzy Shrinkage Estimator.
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