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rm(list=1s(all=TRUE))

library(parallel)  #Library for PARALLEL Processing

simFunc<-function(N){
B<-500 #Number of Estimates.

set.seed(2016)

#Set the covariates.

#Set the first parameter scenario.
betal=0.5

beta2=0.5

beta3=1.5

betad=2

betab = -3



betab = 1
beta7 = -2
beta8 = 0.75

varp=c(betal,beta2,beta3,betad,betab,betab,beta7,beta8)

lime = 10

# Declaring vectors and counters.
emle <-matrix(nrow=B,ncol=8)
old = options(digits=10)
o<-1

ite<-1

pcl<-rep(0,times=B)
pc2<-rep(0,times=B)
pc3<-rep(0,times=B)
pc4<-rep(0,times=B)
pcb<-rep(0,times=B)
pc6<-rep(0,times=B)
pc7<-rep(0,times=B)
pc8<-rep(0,times=B)

censura = matrix(numeric(B),B,1)

model <- function(N,varp){

a exp(varp[1])*exp(y*varp[2])

lam exp(varp[3])*xexp (y*varp[4])

# Parameters - WEIGHT IN ZEROS AND INFS: GAMMA ZERO AND GAMMA ONES WITH A COVARIABLE
gamm_zer = (exp(varp[5])*exp(y*varpl[6]))/(1+exp(varp[5])*exp(y*varp[6])+
exp(varp[7]) *xexp (y*varp[8]))

gamm_inf = (exp(varpl[7])*exp(y*varpl[8]))/(1+exp(varp[5])*exp(y*varp[6])+

exp (varp[7]) *exp (y*varp[8]))

U=runif (N)
V=runif (N,gamm_zer,1-gamm_inf)

y=numeric (N)
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for(i in 1:N){

if (U[i]<=gamm_zer [i]){

ylil =0

}else

if (U[i]>gamm_zer[i] & U[i] <= 1-gamm_inf[i]){

#y[il=qweibull (V[i], a, lam)

y[i]l = lam[i]l*((-log(1l - (V[i]l-gamm_zer[i])/(1-gamm_zer [il-gamm_inf [i]1)))~(1/a[il))

Yelse {
y[il=+Inf
}

}
return(y)
}

GPE=function(varp)

{
a =  exp(varp[1])*exp(y*varp[2])
lam =  exp(varp[3])*exp(y*varp[4])

gamm_zer = (exp(varp[5])*exp(y*varpl[6]))/(1+exp(varp[5])*exp(y*varp[6])+
exp(varp[7]) *exp (y*varp[8]))

gamm_inf = (exp(varp[7])*exp(y*varp[8]))/(1+exp(varp[5])*exp(y*varp[6])+
exp(varp[7])*xexp (y*varp[8]))

f0 = gamm_zer

fw = (exp(log(a)-log(lam)))*((exp(log(time)-log(lam)))~(a-1))*
(exp(-(exp(log(time)-log(lam)))~a))

Sw = (exp(-(exp(log(time)-log(lam)))~a))

fpop = (1-gamm_zer-gamm_inf)*fw

Spop = gamm_inf + (1-gamm_zer-gamm_inf)*Sw

f

(fpop~delta)*(Spop~(1-delta))
g <- ifelse(time==0, 0, f)

adFunc = sum(log(g))
return(adFunc)

3



F{)BSHQJBCbbﬁﬁiuQ ‘Vf

while (0<=B){

y=rbinom(N,1,0.5)

tp = model (N,varp)

tM

max (tp [tp<+Inf])
Z=runif (N,0,tM)
time=numeric (N)

for (i in 1:N)
{time[i] = min(tp[il,Z[i])
}

delta=numeric(N)

for (i in 1:N) {

if (time[i] < Z[i]){
deltalil=1

}

}

t<-time
d<-delta

x<-y

fit=try(optim(varp,GPE,method="BFGS" ,hessian=TRUE, control=list (fnscale=-1)))
estc = try(fit$par)

Hec=try(fit$hessian); varic=try(-solve(Hc))

if ( is.finite(estc[1]) & is.finite(estc[2]) & is.finite(estc[3]) &
is.finite(estc[4]) & is.finite(estc[5]) & is.finite(estc[6]) &
is.finite(estc[7]) & is.finite(estc[8])) {

if ( is.finite(varic[1,1]) & is.finite(varic[2,2]) &
is.finite(varic[3,3]) & is.finite(varic[4,4]) &

is.finite(varic[5,5]) & is.finite(varicl[6,6]) & is.finite(varic[7,7]) &
is.finite(varic[8,8])){

if ( varic[1,1] > 0 & varic[2,2] > 0 & varic[3,3] > 0 & varic[4,4] > 0 &

varic[5,5] > 0 & varic[6,6] > 0 & varic[7,7] > 0 & varic[8,8] > 0 &
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estc[1] < lime & estc[2] < lime & estc[3] < lime & estc[4] < lime &

estc[5] < lime & estc[6] < lime & estc[7] < lime & estc[8] < lime ){

var.varpl =varic[1,1]; Lvarpl =estc[1]-1.96%sqrt(var.varpl);
Uvarpl=estc[1]+1.96*sqrt (var.varpl)
var.varp2 =varic[2,2]; Lvarp2 =estc[2]-1.96#*sqrt(var.varp2);
Uvarp2=estc[2]+1.96*sqrt (var.varp2)
var.varp3 =varic[3,3]; Lvarp3 =estc[3]-1.96*sqrt(var.varp3);
Uvarp3=estc[3]+1.96*sqrt (var.varp3)
var.varp4 =varic[4,4]; Lvarp4 =estc[4]-1.96*sqrt(var.varp4);
Uvarpé4=estc[4]+1.96*sqrt (var.varp4)
var.varpb =varic[5,5]; Lvarpb =estc[5]-1.96%sqrt(var.varpb);
Uvarp5=estc[5]+1.96*sqrt (var.varp5)
var.varp6 =varic[6,6]; Lvarp6 =estc[6]-1.96%sqrt(var.varp6);
Uvarp6=estc[6]+1.96*sqrt (var.varp6)
var.varp? =varic[7,7]; Lvarp7 =estc[7]-1.96%sqrt(var.varp7);
Uvarp7=estc[7]+1.96*sqrt (var.varp7)
var.varp8 =varic[8,8]; Lvarp8 =estc[8]-1.96*sqrt(var.varp8);

Uvarp8=estc[8]+1.96*sqrt (var.varp8)

emle[o,1] <- estc[1]; emle[o0,2] <- estc[2]; emle[o0,3] <- estc[3]; emle[o0,4] <- estc[4];
emle[o0,5] <- estc[5]; emle[o0,6] <- estc[6]; emlel[o,7] <- estc[7]; emle[0,8] <- estc[8];
{

if (betal >= Lvarpl && betal <= Uvarpl) pcllo]l<-1

if (beta2 >= Lvarp2 && beta2 <= Uvarp2) pc2[o]l<-1

if (beta3d >= Lvarp3 && beta3 <= Uvarp3) pc3lol<-1

if (beta4 >= Lvarp4d && betad <= Uvarp4) pc4lol<-1

if (betab >= Lvarp5 && betab <= Uvarp5) pcb5[lo]l<-1

if (beta6 >= Lvarp6 && beta6 <= Uvarp6) pc6lo]l<-1

if (beta7 >= Lvarp7 && beta7 <= Uvarp7) pc7[lo]l<-1

if (beta8 >= Lvarp8 && beta8 <= Uvarp8) pc8[o]<-1

censuralo,] = table(d)[1]/N
}
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cat(o," ",ite," ",round(sum(pcl)/0,3)," ",round(sum(pc2)/0,3),"
",round(sum(pc3)/0,3)," ",round(sum(pc4)/0,3)," ",round(sum(pcb5)/0,3),"
",round (sum(pc6)/0,3)," ",round(sum(pc7)/0,3)," ",round(sum(pc8)/0,3),

"\n"); o<-(o+1);

i3
ite<-ite+1

}

qtite <-c(ite)

s_cens = mean(censural,1])

ESTIlc <-c(mean(emle[,1]),mean(emle[,2]),mean(emle[,3]) ,mean(emle[,4])
,mean(emle[,5]) ,mean(emle[,6]) ,mean(emle[,7]) ,mean(emle[,8]))
BIASic <-c(mean(emlel,1])-betal, mean(emle[,2])-beta2,
mean(emle[,3])-beta3, mean(emlel[,4])-beta4,
mean(emle[,5])-betab5, mean(emle[,6])-betab,
mean (emle[,7])-beta7, mean(emle[,8])-beta8d)
RMSElc <-c(sqrt(mean((emle[,1]-betal)”2)),sqrt(mean((emle[,2]-beta2)”~2)),
sqrt (mean((emle[,3]-beta3)~2)),sqrt(mean((emle[,4]-betad)"2)),
sqrt (mean((emle[,5]-betab)~2)),sqrt(mean((emle[,6]-betab)~2)),
sqrt (mean((emle[,7]-beta7)~2)),sqrt(mean((emle[,8]-betad)~2)))
PCc <-c(sum(pcl)/B,sum(pc2)/B,sum(pc3)/B,sum(pc4) /B,
sum(pc5) /B, sum(pc6) /B, sum(pc7) /B, sum(pc8) /B)

return(list(qtite = qtite |,
s_cens = s_cens ,
ESTIlc = ESTIlc ,
BIASic = BIASic ,
RMSElc = RMSElc ,
PCc = PCc ) )

}
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numCores <- 5
cl <- makeCluster (numCores)

finalResultsl <- parLapply(cl, c(100,250,500,750,1000), simFunc)

stopCluster(cl)
#Plot

betal = 0.5
beta2 = 0.5
betad = 1.5
betad = 2
betab = -3
beta6 = 1
beta7 = -2
beta8 = 0.75

betalc=c(betal,beta2,beta3,betad,betab,betab,beta7,betad)

size = ¢(100,250,500,750,1000)

AVl ¢ = rbind( finalResults1[[1]]$ESTI1c,
finalResults1[[2]]1$ESTI1c,
finalResults1[[3]]$ESTI1c,
finalResults1[[4]]$ESTI1c,

finalResults1[[5]]1$ESTI1c)

RMSE1_c = rbind(finalResults1[[1]]$RMSEic,
finalResults1[[2]]1$RMSElc,
finalResults1[[3]]1$RMSEilc,
finalResults1[[4]]$RMSElc,

finalResults1[[5]]1$RMSE1c)

Bl_c = rbind( finalResults1[[1]]$BIAS1c,

finalResults1[[2]]$BIASic,
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finalResults1[[3]]$BIAS1c,
finalResults1[[4]]$BIAS1c,
finalResults1[[5]]1$BIAS1c)

cobl_c = rbind(finalResultsi[[1]]$PCc,
finalResults1[[2]]$PCc,
finalResults1[[3]]$PCc,
finalResults1[[4]]$PCc,
finalResults1[[5]]1$PCc)

par (mfrow=c(4,3))

## Param[5]

ab = O0# min(RMSE1 c[,5]) - 0.25
b5 = max (RMSE1_c[,5]) + 0.25
aab = min(B1_c[,5]) - 0.25
bbb = max(B1_c[,5]) + 0.25

par(mai=c(0.45,0.9,0.1, 0.1))
plot(size,Bl_c[,5],xlim=c(min(size) ,max(size)),
xlab="",ylim=c(aab,bb5),ylab =
expression(paste("BIAS ( ", hat(beta)[10], " )")),type="o", pch =
49,col="1",1wd=1,1ty=2,main=NULL)

abline(h = 0, v = 1, col = "gray60")

par(mai=c(0.45,0.9,0.1, 0.1))
plot(size,RMSE1l_c[,5],xlim=c(min(size),
max(size)), xlab="",ylim=c(ab5,bb),ylab =
expression(paste("RMSE ( ", hat(beta) [10], " )")),type="o", pch =
49,col="1",1wd=1,1ty=2,main=NULL)

abline(h = 0, v = 1, col = "gray60")
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par (mai=c(0.45,0.9,0.1, 0.1))
plot(size,cobl_c[,5],x1lim=c(min(size) ,max(size)),
xlab="",ylim=c(0.80,1) ,ylab=
expression(paste("CP"," (",hat(beta) [10],")")),type="0", pch =
49,col="1",1wd=1,1ty=2,main=NULL)

abline(h = 0.95, v = 0.95, col = "gray60")

## Param[6]

a6 = O# min(RMSE1 c[,6]) - 0.25
b6 = max (RMSE1_c[,6]) + 0.25
aa6 = min(B1_c[,6]) - 0.25
bb6 = max(B1_c[,6]) + 0.25

par(mai=c(0.45,0.9,0.1, 0.1))
plot(size,Bl_c[,6],xlim=c(min(size) ,max(size)),
xlab="",ylim=c(aa6,bb6),ylab =
expression(paste("BIAS ( ", hat(beta)[11], " )")),type="o", pch =
49,col="1",1wd=1,1ty=2,main=NULL)

abline(h = 0, v = 1, col = "gray60")

par(mai=c(0.45,0.9,0.1, 0.1))
plot(size,RMSE1l _c[,6],xlim=c(min(size) ,max(size)),
xlab="",ylim=c(a6,b6),ylab =
expression(paste("RMSE ( ", hat(beta)[11], " )")),type="o", pch =
49,col="1",1wd=1,1ty=2,main=NULL)

abline(h = 0, v = 1, col = "gray60")

par (mai=c(0.45,0.9,0.1, 0.1))
plot(size,cobl_c[,6],xlim=c(min(size) ,max(size)),
xlab="",ylim=c(0.80,1) ,ylab=
expression(paste("CP"," (",hat(beta)[11],")")),type="0", pch =
49,co0l="1",1wd=1,1ty=2,main=NULL)

abline(h = 0.95, v = 0.95, col = "gray60")
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## Param[7]

a7 = O# min(RMSE1_c[,7]1)- 0.25
b7 = max (RMSE1_c[,7])+ 0.25
aa7 = min(B1_c[,7]1)- 0.25
bb7 = max(B1_c[,7]1)+ 0.25

par(mai=c(0.45,0.9,0.1, 0.1))
plot(size,Bl_c[,7],xlim=c(min(size) ,max(size)),
xlab="" ylim=c(aa7,bb7) ,ylab =
expression(paste("BIAS ( ", hat(beta)[20], " )")),type="o", pch =
49,col="1",1wd=1,1ty=2,main=NULL)

abline(h = 0, v = 1, col = "gray60")

par(mai=c(0.45,0.9,0.1, 0.1))
plot(size,RMSE1_c[,7],xlim=c(min(size) ,max(size)),
xlab="" ylim=c(a7,b7),ylab =
expression(paste("RMSE ( ", hat(beta)[20], " )")),type="o", pch =
49,co0l="1",1wd=1,1ty=2,main=NULL)

abline(h = 0, v = 1, col = "gray60")

par(mai=c(0.45,0.9,0.1, 0.1))
plot(size,cobl_c[,7],xlim=c(min(size) ,max(size)),
xlab="",ylim=c(0.80,1) ,ylab=
expression(paste("CP"," (",hat(beta)[20],")")),type="0", pch =
49,col="1",1wd=1,1ty=2,main=NULL)

abline(h = 0.95, v = 0.95, col = "gray60")

## Param[8]

a8 = O# min(RMSE1_c[,8])- 0.25
b8 = max (RMSE1_c[,8])+ 0.25
aa8 = min(B1_c[,8])- 0.25

bb8 = max(B1_c[,8])+ 0.25
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par(mai=c(0.45,0.9,0.1, 0.1))
plot(size,Bl_c[,8],xlim=c(min(size) ,max(size)),
xlab="",ylim=c(aa8,bb8) ,ylab =
expression(paste("BIAS ( ", hat(beta)[21], " )")),type="o", pch =
49,col="1",1wd=1,1ty=2,main=NULL)

abline(h = 0, v = 1, col = "gray60")

par(mai=c(0.45,0.9,0.1, 0.1))
plot(size,RMSE1l_c[,8],xlim=c(min(size) ,max(size)),
xlab="",ylim=c(a8,b8),ylab =
expression(paste("RMSE ( ", hat(beta)[21], " )")),type="o", pch =
49,col="1",1wd=1,1ty=2,main=NULL)

abline(h = 0, v = 1, col = "gray60")

par(mai=c(0.45,0.9,0.1, 0.1))
plot(size,cobl_c[,8],x1lim=c(min(size) ,max(size)),
xlab="",ylim=c(0.80,1) ,ylab=
expression(paste("CP"," (",hat(beta)[21],")")),type="0", pch =
49,co0l="1",1wd=1,1ty=2,main=NULL)
abline(h = 0.95, v = 0.95, col = "gray60")
dev.off()

par (mfrow=c(4,3))

## Param[1]

al = O#min(RMSE1 c[,1])- 0.25
bl = max (RMSE1_c[,1])+ 0.25
aal = min(B1_c[,1])- 0.25
bbl = max(B1_c[,1])+ 0.25

par(mai=c(0.45,0.9,0.1, 0.1))
plot(size,Bl_c[,1],xlim=c(min(size) ,max(size)),
xlab="",ylim=c(aal,bbl),ylab =

expression(paste("BIAS ( ", hat(beta)[30], " )")),type="o", pch =
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49,col="1",1wd=1,1ty=2,main=NULL)

abline(h = 0, v = 1, col = "gray60")

par (mai=c(0.45,0.9,0.1, 0.1))
plot(size,RMSE1_c[,1],xlim=c(min(size) ,max(size)),
xlab="",ylim=c(al,bl),ylab =
expression(paste("RMSE ( ", hat(beta)[30], " )")),type="o", pch =
49,col="1",1wd=1,1ty=2,main=NULL)

abline(h = 0, v = 1, col = "gray60")

par(mai=c(0.45,0.9,0.1, 0.1))
plot(size,cobl_c[,1],xlim=c(min(size) ,max(size)),
xlab="",ylim=c(0.80,1) ,ylab=
expression(paste("CP"," (",hat(beta) [30],")")),type="0", pch =
49,col="1",1wd=1,1ty=2,main=NULL)

abline(h = 0.95, v = 0.95, col = "gray60")

## Param[2]

a2 = O# min(RMSE1 c[,2])- 0.25
b2 = max (RMSE1_c[,2])+ 0.25
aa2 = min(B1 c[,2])- 0.25
bb2 = max(B1_c[,2])+ 0.25

par(mai=c(0.45,0.9,0.1, 0.1))
plot(size,B1_c[,2],xlim=c(min(size) ,max(size)),
xlab="",ylim=c(aa2,bb2),ylab =
expression(paste("BIAS ( ", hat(beta)[31], " )")),type="o", pch =
49,col="1",1wd=1,1ty=2,main=NULL)

abline(h = 0, v = 1, col = "gray60")

par(mai=c(0.45,0.9,0.1, 0.1))
plot(size,RMSE1_c[,2],xlim=c(min(size) ,max(size)),
xlab="",ylim=c(a2,b2),ylab =

expression(paste("RMSE ( ", hat(beta)[31], " )")),type="o0", pch =
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49,co0l="1",1wd=1,1ty=2,main=NULL)

abline(h = 0, v = 1, col = "gray60")

par (mai=c(0.45,0.9,0.1, 0.1))
plot(size,cobl_c[,2],xlim=c(min(size) ,max(size)),

xlab="",ylim=c(0.80,1) ,ylab=

expression(paste("CP"," (",hat(beta) [31],")")),type="0",

49,col="1",1wd=1,1ty=2,main=NULL)

abline(h = 0.95, v = 0.95, col

"gray6o n )

## Param[3]

a3 = O# min(RMSE1_c[,3])- 0.25
b3 = max (RMSE1_c[,3])+ 0.25
aa3 = min(B1_c[,3])- 0.25
bb3 = max(B1_c[,3])+ 0.25

par (mai=c(0.45,0.9,0.1, 0.1))
plot(size,Bl_c[,3],xlim=c(min(size) ,max(size)),

xlab="",ylim=c(aa3,bb3),ylab =

pch =

expression(paste("BIAS ( ", hat(beta)[40], " )")),type="o", pch =

49,col="1",1wd=1,1ty=2,main=NULL)

abline(h = 0, v = 1, col = "gray60")

par(mai=c(0.45,0.9,0.1, 0.1))
plot(size,RMSE1_c[,3],xlim=c(min(size) ,max(size)),

xlab="",ylim=c(a3,b3),ylab =

expression(paste("RMSE ( ", hat(beta)[40], " )")),type="o0", pch =

49,col="1",1wd=1,1ty=2,main=NULL)

abline(h = 0, v = 1, col = "gray60")

par(mai=c(0.45,0.9,0.1, 0.1))
plot(size,cobl_c[,3],xlim=c(min(size) ,max(size)),

xlab="",ylim=c(0.80,1) ,ylab=

expression(paste("CP"," (",hat(beta) [40],")")),type="0",

pch =



49,co0l="1",1wd=1,1ty=2,main=NULL)

abline(h = 0.95, v = 0.95, col = "gray60")

## Param[4]

ad = O# min(RMSE1_c[,4])- 0.25
b4 = max (RMSE1_c[,4])+ 0.25
aad = min(B1_c[,4])- 0.25
bbd = max(B1_c[,4])+ 0.25

par (mai=c(0.45,0.9,0.1, 0.1))

plot(size,Bl_c[,4],xlim=c(min(size) ,max(size)),
xlab="",ylim=c(aa4,bb4d) ,ylab =

expression(paste("BIAS ( ", hat(beta) [41], " )")),type="o", pch =
49,col="1",1wd=1,1ty=2,main=NULL)

abline(h = 0, v = 1, col = "gray60")

par (mai=c(0.45,0.9,0.1, 0.1))
plot(size,RMSE1_c[,4],xlim=c(min(size) ,max(size)),
xlab="",ylim=c(a4,b4),ylab =
expression(paste("RMSE ( ", hat(beta)[41], " )")),type="o", pch =
49,col="1",1wd=1,1ty=2,main=NULL)

abline(h = 0, v = 1, col = "gray60")

par(mai=c(0.45,0.9,0.1, 0.1))

plot(size,cobl_c[,4],xlim=c(min(size) ,max(size)),
xlab="",ylim=c(0.80,1) ,ylab=
expression(paste("CP"," (",hat(beta) [41],")")),type="0", pch =
49,col="1",1wd=1,1ty=2,main=NULL)

abline(h = 0.95, v = 0.95, col = "gray60")

dev.off ()

par (mfrow=c(4,2))

infb min(AV1_c[,5]) - 0.25

supb max (AV1_c[,5]) + 0.25
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par (mai=c(0.45,0.9,0.1, 0.1))
plot(size, AV1_c[,5],xlim=c(min(size) ,max(size)),
ylim=c(inf5,supb), xlab="",ylab =
expression(paste(hat(beta) [10])),type="o",
pch = 49,col="1",1wd=1,1ty=2,main=NULL)

abline(h = betalc[5], v = 1, col = "gray60")

inf6

min(AV1_c[,6]) - 0.25
supb = max(AV1_c[,6]) + 0.25
par (mai=c(0.45,0.9,0.1, 0.1))
plot(size, AVl _c[,6],xlim=c(min(size) ,max(size)),
ylim=c(inf6,sup6), xlab="",ylab =
expression(paste (hat(beta) [11])),type="0o",
pch = 49,col="1",1wd=1,1ty=2,main=NULL)

abline(h = betalc[6], v = 1, col = "gray60")

inf7

min(AV1_c[,7]) - 0.25

sup? = max (AV1_c[,7]) + 0.25

par(mai=c(0.45,0.9,0.1, 0.1))

plot(size, AV1_c[,7],xlim=c(min(size) ,max(size)),
ylim=c(inf7,sup7), xlab="",ylab =
expression(paste(hat(beta) [20])) ,type="o", pch = 49,
col="1",1wd=1,1ty=2,main=NULL)

abline(h = betalc[7], v = 1, col = "gray60")

inf8

min(AV1_c[,8]) - 0.25

sup8 = max(AV1_c[,8]) + 0.25

par(mai=c(0.45,0.9,0.1, 0.1))

plot(size, AV1_c[,8],xlim=c(min(size) ,max(size)),
ylim=c(inf8,sup8), xlab="",ylab =
expression(paste(hat(beta) [21])) ,type="o", pch = 49,
col="1",1wd=1,1ty=2,main=NULL)

abline(h = betalc[8], v = 1, col = "gray60")
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inf1 min(AV1 c[,1]) - 0.25

supl max(AV1_c[,1]) + 0.25

par(mai=c(0.45,0.9,0.1, 0.1))

plot(size, AV1_c[,1],xlim=c(min(size) ,max(size)),
ylim=c(infl,supl), xlab="",ylab =
expression(paste(hat(beta) [30])) ,type="0o",
pch = 49,col="1",1wd=1,1ty=2,main=NULL)

abline(h = betalc[1], v = 1, col = "gray60")

inf?2

min(AV1_c[,2]) - 0.25

sup?2 max (AV1_c[,2]) + 0.25

par(mai=c(0.45,0.9,0.1, 0.1))

plot(size, AV1_c[,2],xlim=c(min(size) ,max(size)),
ylim=c(inf2,sup2), xlab="",ylab =
expression(paste(hat(beta) [31])) ,type="o",
pch = 49,col="1",1wd=1,1ty=2,main=NULL)

abline(h = betalc[2], v = 1, col = "gray60")

inf3

min(AV1_c[,3]) - 0.25

sup3 max (AV1 c[,3]) + 0.25

par(mai=c(0.45,0.9,0.1, 0.1))

plot(size, AV1i_c[,3],xlim=c(min(size) ,max(size)),
ylim=c(inf3,sup3), xlab="",ylab =
expression(paste(hat (beta) [40])) ,type="o",
pch = 49,col="1",1wd=1,1ty=2,main=NULL)

abline(h = betalc[3], v = 1, col = "gray60")

inf4

min(AV1_c[,4]) - 0.25

sup4 max (AV1_c[,4]) + 0.25

par(mai=c(0.45,0.9,0.1, 0.1))

plot(size, AV1i_c[,4],xlim=c(min(size) ,max(size)),

ylim=c(inf4,sup4), xlab="",ylab =
expression(paste(hat(beta) [41])) ,type="o",

pch = 49,col="1",1wd=1,1ty=2,main=NULL)
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abline(h = betalc[4], v = 1, col = "gray60")

dev.off ()

save.image ("modell.RData")
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Aabstract

Banks and financial institutions give their customers loans under some conditions, always.
customers can be divided in to three groups based on their performance. The first group of cus-
tomers cut off their relationship with the bank, completely. This group of customers are called
dishonest which their survival time to repay the loan is equal to zero. The second group is those
customers who do not care about their loan repayment. Contrary to the first group, they repay their
loan somedeal and then cut off. This group has positive survival time of repayment of loan, but
finally they are turned to dishonest one. We call these customers defaulter. At last, the third group
is the customers who repay their loan in a timely manner.

In order to maximize the profit of a bank, it is necessary to minimize the rates of dishonest
and defaulter customers and maximize good customers (the third group). Therefore, analyzing the
survival time of loan repayment can be vital in any bank. Analyzing of the timelength of the data till
the occurance of a phenomenon (here, repayment of loan) places in the survival analysis domain.
In the analysis of the survival data, the main problem is to find a suitable model for measuring the
affection of the various factors on the length of the survival time.

Accordingly to the nature of the data attained from the bank customers, the survival of non-
repayment of dishonest and defaulter customers do not tend to zero. A suitable category for these
type of the survival data is Healing rate models. For these models, two subclasses are introduced:
mixture and non-mixture models. There is a problem with using of the Healing rate models for
analyzing the borrowers behaviour, and that is the first group of customers which their survival
repayment tend to zero. This case causes an unwanted fitness in the Healing rate model. In such
cases, it 1s recommended to use zero-inflated models. In this thesis, first we introduce the zero-
inflated rate model and then it for data analysis we will refund some of our clients to four types of

registered banks in the central bank of Iran.

Keywords: cure rate, survival analysis, zero-inflated, bank loans
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