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CDF (Cumulative Distribution Function)
CP (Covering Probability)

EL (Expected Length)

HPD(Highest Posterior Density)

i.i.d (independent identically distribution)
MLE (Maximum likelihood Estimator)
MSE ( Mean Square Error)

RSS (Ranked Set Sampling)

RRSS (Record Ranked Set Sampling)

RE (Relational Efficiency)

SEL(Square Error Loss Function)
PHR(Proportional Hazard Rate)
PRHR(Proportional Reversed Hazard Rate)
UMVUE (Uniformly Minimum Unbiased Estimator)
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k=5000000
n=c(2,3,4,5,6)
m=c(2,3,4,5,6)

M=m* (m+1) /2
N=n*(n+1) /2
R=seq(0,1,by=0.02)
msel=numeric(length(R))
mse2=numeric(length(R))
mse3=numeric(length(R))

mse4=numeric(length(R))



mseb=numeric(length(R))
for(i in 1:length(R)){

#v=rf (k,2*M, 2*N)

Rhat = (1+rf(k,2+«M[5],2«N[1]1)*(1-R[i])/R[i])~(-1)

msel[i] = mean((Rhat-R[i])~2)

Rhat = (1+rf(k,2*xM[1],2%N[5])*(1-R[1])/R[i])~(-1)

mse2[i] = mean((Rhat-R[i])"2)

Rhat = (1+rf(k,2*«M[3],2%N[3])*(1-R[i])/R[i])~(-1)

mse3[i] = mean((Rhat-R[i])~2)

Rhat = (1+rf(k,2+«M[4],2*N[2])*(1-R[i])/R[i])~(-1)

mse4[i] = mean((Rhat-R[i])~2)

Rhat = (1+rf(k,2*M[2],2*N[4])*(1-R[i])/R[i]) "~ (-1)

mse5[i] = mean((Rhat-R[i])"2)
}

plot(c(0,1), c(0,0.05), type = "n", xlab = "R", main = "",

ylab="MSE",yaxt = "n", xaxs = "i", yaxs = "i")

abline(v=0.5,1ty=2)

axis(2)

abline (h=0,1ty=2)
lines(R,msel,type='1"',1lwd=2)
lines(R,mse2, 1lty=2, col=2,lwd=2)
lines(R,mse3, 1lty=3, col=3,lwd=2)
lines(R,mse4, lty=4, col=4,lwd=2)
lines(R,mseb5, lty=5, col=5,lwd=2)

abline(v=0.5 , lty=3)

legend("topright",legend=c(expression(paste("'n = 2 , m = 6")),

expression(paste("n = 6 , m = 2")),

expression(paste("n = 4 , m = 4")),
expression(paste("n = 3 , m = 5")),
expression(paste("n = 5 , m = 3"))),

lty=1:6,1wd=2, col=1:6, bty='n', cex=1)
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# rm(1list=1s())
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library(xtable)
library(parallel) # for parallel computing
library(doParallel) # for parallel computing
library(foreach) # for parallel computing
# functions --------——— -
Q.boot=function(t,RR){
f=ecdf (RR)
ff=function(x) f(x)-t
uniroot (ff,int=c(0,10))$root
}
Q.boot=Vectorize(Q.boot,"t")
Q.boot(c(0.5,0.9) ,rexp(100))
f.hpdi=function(N, M, thetal, theta2, B.hpd, a, b, c, d, alpha) {
B=B.hpd
# Tl=rgamma(1,N,1/thetal)
# T2=rgamma(1,M,1/theta2)
# Thetali=rgamma(B,a+N,1/(b+T1))
# Theta2i=rgamma(B,c+M,1/(d+T2))
Til=rgamma(1,shape=N,scale=1/thetal)
T2=rgamma (1, shape=M, scale=1/theta2)
Thetali=rgamma (B, shape=a+N,scale=1/(b+T1))
Theta2i=rgamma (B, shape=c+M, scale=1/(d+T2))
Ri=sort(Theta2i/(Theta2i+Thetali))
up=B-floor (B*(1-alpha))
J=1:up
jst=J[which.min(Ri[J+floor (B*(1l-alpha))]-Ri[J])]
# EL=Ri[jst+floor(Bx(1-alpha))]-Ril[jst]
# CP=ifelse(Ri[jst]<R & R<Ri[jst+floor(Bx(1-alpha))],1,0)
# return(c(EL = EL , CP=CP))
# return(list(EL = EL , CP=CP))
LCL=Ri [jst]
UCL=Ri[jst+floor(B*(1-alpha))]
return(c(LCL = LCL , UCL=UCL))



f.hpd2=function(N, M, thetal, theta2, B.hpd, alpha) {
B=B.hpd
Ti=rgamma(1,shape=N,scale=1/thetal)
T2=rgamma (1, shape=M, scale=1/theta2)
Thetali=rgamma(B,shape=N,scale=1/(T1))
Theta2i=rgamma (B, shape=M,scale=1/(T2))
Ri=sort(Theta2i/(Theta2i+Thetali))
up=B-floor (B*(1-alpha))
J=1:up
jst=J[which.min(Ri[J+floor (B*(1-alpha))]-Ri[J])]
# EL=Ri[jst+floor(Bx(1-alpha))]-Ril[jst]
# CP=ifelse(Ri[jst]<R & R<Ri[jst+floor(B*(1-alpha))],1,0)
# return(c(EL = EL , CP=CP))
# return(list(EL = EL , CP=CP))
LCL=Ri[jst]
UCL=Ri[jst+floor(B*(1-alpha))]

return(c(LCL = LCL , UCL=UCL))

f.boot_tl=function(n,m,theta2,R,alpha){
p=min(m,n)/max(m,n)
N=n*(n+1) /2
M=m* (m+1) /2
thetal=theta2*(1/R-1)
r=c()
for(i in 1:n) r=c(r,rgamma(l,shape=i,scale=1/thetal))
s=c(Q)
for(j in 1:m) s=c(s,rgamma(l,shape=j,scale=1/theta2))
thetal.hat=N/sum(r)
theta2.hat=M/sum(s)
R.hat=theta2.hat/(theta2.hat+thetal.hat)
I=(n>=m)
eta.hat=theta2.hat*thetal.hat/(thetal.hat+theta2.hat) 2
*sqrt (1/ (Nxp~ (1-I))+1/(p~I*M))

R.star=eta.star=SD=rep(NA,B)
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for(bbb in 1:B){

r.star=c()
for(i in 1:n) r.star=c(r.star,rgamma(l,shape=i,scale=1/thetal.hat))
s.star=c()
for(j in 1:m) s.star=c(s.star,rgamma(l,shape=j,scale=1/theta2.hat))
thetal.star=N/sum(r.star)
theta2.star=M/sum(s.star)
R.star [bbb]=theta2.star/(theta2.star+thetal.star)
R.tilde=c()
for(bb in 1:30){
r.tilde=c()
for(i in 1:n) r.tilde=c(r.tilde,rgamma(l,shape=i,scale=1/thetal.star))
s.tilde=c()
for(j in 1:m) s.tilde=c(s.tilde,rgamma(l,shape=j,scale=1/theta2.star))
thetal.tilde=N/sum(r.tilde)
theta2.tilde=M/sum(s.tilde)
R.tilde[bb]=theta2.tilde/(theta2.tilde+thetal.tilde)
}
SD [bbb]l=sqrt(var(R.tilde))
eta.star[bbb]=theta2.star*thetal.star/(thetal.star+theta2.star) 2
*xsqrt (1/ (Nxp~ (1-I))+1/(p~I*M))
}
z.star=(R.star-R.hat)/eta.star
zl=quantile(z.star,alpha/2,type=1) ;z2=quantile(z.star,l-alpha/2,type=1)

z.tilde=(R.star-R.hat)/SD

tl=quantile(z.tilde,alpha/2,type=1);t2=quantile(z.tilde,1-alpha/2,type=1)

int.perc=c(Q.boot (alpha/2,R.star),Q.boot(1-alpha/2,R.star))
int.bootl=c(R.hat-z2*eta.hat,R.hat-zl*eta.hat)
int.boot2=c(R.hat-t2*eta.hat,R.hat-tl*eta.hat)
int.AMLE=c(R.hat-qnorm(alpha/2) *eta.hat,R.hat+gnorm(alpha/2)*eta.hat)
1.mle=1/(1+(1-R.hat)/R.hat*qf (1-alpha/2,2*N,2xM))
u.mle=1/(1+(1-R.hat)/R.hat*qf (alpha/2,2+N,2%M))

int .MLE=c(1l.mle,u.mle)

deltastar=R.star-R.hat
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# dd=quantile(deltastar,c(alpha,l-alpha))
dd=quantile(deltastar,c(alpha/2,1-alpha/2))
basic.boot=R.hat-c(dd[2],dd[1])
tti=sum(r)
tt2=sum(s)
A=(a+N)*(d+tt2) / ((c+M) * (b+tt1))
# 1.bcil=1/(1+Axqf (alpha/2,2x(a+N) ,2*x(c+M)))
# u.bcil=1/(1+A*qf (1-alpha/2,2*(a+N) ,2x(c+M)))
u.bcil=1/(1+A*qf (alpha/2,2%* (a+N) ,2*(c+M)))
1.bcil=1/(1+Ax*qf (1-alpha/2,2*(a+N),2*(c+M)))
bcil=c(1l.bcil,u.bcil)
# 1.bci2=1/(1+N*t2/(M*t1)*qf (alpha/2,2*N,2*M))
# u.bci2=1/(1+N*t2/(Mxt1) *qf (1-alpha/2,2xN,2%M))
u.bci2=1/(1+N*tt2/ (M*tt1)*qf (alpha/2,2*N,2+M))
1.bci2=1/(1+N*tt2/ (M*ttl)*qf (1-alpha/2,2*N,2%M))
bci2=c(1l.bci2,u.bci2)
hpdi=f.hpd1(N, M, thetal, theta2, B.hpd, a, b, c, d, alpha)
hpd2=f .hpd2(N, M, thetal, theta2, B.hpd, alpha)
res=c(int.perc,
# int.bootl,
int.boot2,int .MLE,
# int.AMLE,
basic.boot,
bcil,
bci2,
hpd1,
hpd?2,
R.hat)
names (res)=c("L.Perc","U.Perc",
# "L.Bootl","U.Bootl",
"L.Boot2","U.Boot2",
"L.MLE","U.MLE",
# "L.AMLE","U.AMLE",

"L.basic","U.basic",
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"L.bcil","U.bcil",
"L.bci2","U.bci2",
"L.HPD1","U.HPD1",
"L.HPD2","U.HPD2",

"R.hat")

return(res)

+

# simu
# B=10
# B=20
B=1000
# B.hp
B.hpd=
#### P

a=1; b

lation ———————————---- -
# Only for test
0

d=100 # Only for test
1000
rior parameters ###

=2

c=1; d=2

###

test=f
test

#repl=
# repl
repl=1
pt=pro

ncore=

.boot_t1(n=3,m=3,theta2=0.4,R=0.4,alpha=0.1)

100 # Only for test
=1000

0000

c.time()

detectCores ()

cl=makeCluster (ncore)

regist
table=
fore

fo

erDoParallel(cl)

foreach(R=c(0.1,0.5,0.95), .combine='rbind') %:%

ach(n=c(2,4,6), .combine='rbind') %:%

reach(m=c(2,4,6), .combine='rbind') %do% {

set.seed(123)
total=t(replicate(repl,expr=f.boot_t1(n,m,theta2=0.4,R,alpha=0.1)))
L.Perc=totall[,1];U.Perc=totall,2]

# L.Bootl=pmax(totall,3],0);U.Bootl=pmin(totall,4],1)

L.Boot2=pmax(totall[,3],0);U.Boot2=pmin(totall,4],1)
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.MLE=totall,5] ;U.MLE=totall[,6]
L.AMLE=pmax(total[,9],0);U.AMLE=pmin(totall,10],1)
.basic=totall[,7];U.basic=totall,8]
.bcil=totall[,9];U.bcil=totall,10]
.bci2=total[,11];U.bci2=totall[,12]

.hpdi=totall[,13];U.hpdl=totall[,14]

[ N N

.hpd2=totall,15];U.hpd2=totall, 16]
#Bias=mean(total[,15])-R
#mse.R=mean((total[,15]-R)"2)
CV.Perc=mean ((L.Perc<=R)&(R<=U.Perc))
L.Perc=mean(U.Perc-L.Perc)

# CV.Bootl=mean((L.Boot1<=R)&(R<=U.Boot1))
# L.Bootl=mean(U.Bootl1-L.Bootl)
CV.Boot2=mean ((L.Boot2<=R) & (R<=U.Boot2))
L.Boot2=mean (U.Boot2-L.Boot2)
CV.MLE=mean ((L.MLE<=R)&(R<=U.MLE))
L.MLE=mean (U.MLE-L.MLE)

# CV.AMLE=mean ((L.AMLE<=R)&(R<=U.AMLE))
# L.AMLE=mean(U.AMLE-L.AMLE)
CV.basic=mean((L.basic<=R)&(R<=U.basic))
L.basic=mean(U.basic-L.basic)
CV.bcil=mean((L.bcil<=R)&(R<=U.bcil))
L.bcil=mean(U.bcil-L.bcil)
CV.bci2=mean((L.bci2<=R)&(R<=U.bci2))
L.bci2=mean(U.bci2-L.bci2)

CV.hpdi=mean ((L.hpd1<=R)&(R<=U.hpd1))
L.hpdl=mean(U.hpd1-L.hpd1)

CV.hpd2=mean ((L.hpd2<=R) & (R<=U.hpd2))
L.hpd2=mean (U.hpd2-L.hpd2)
c(CV.Perc,L.Perc,

# CV.Bootl1,L.Bootl,

CV.Boot2,

L.Boot2,CV.MLE,L.MLE,

# CV.AMLE,L.AMLE,
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CV.basic,L.basic,
CV.bcil,L.bcil,CV.hpdl,L.hpdl,
CV.bci2,L.bci2,CV.hpd2,L.hpd2)
}
# 3}
# 7
stopCluster(cl)
pt=proc.time()-pt
pt
colnames (table)=c("CV.Perc","L.Perc",
# "CV.Bootl1","L.Bootl",
"CV.Boot2","L.Boot2","CV.MLE" ,"L.MLE",
# "CV.AMLE","L.AMLE",
"CV.basic","L.basic",
"CV.bcil","L.bcil","CV.hpdl","L.hpdl",
"CV.bci2","L.bci2","CV.hpd2","L.hpd2")
rownames (table)=NULL
round(table,4)
R=rep(c(0.1,0.5,0.95) ,each=9)
n=rep(c(2,4,6) ,each=3,times=3)
m=rep(c(2,4,6),times=9)
round(cbind(R,n,m,table),3)
xtable(round(cbind(R,n,m,table),3) ,digits=3)
id=1:8
round (cbind(R,n,m,table[,id]),3)
xtable(round(cbind(R,n,m,table[,id]),3),digits=3)
id=9:16
round(cbind(R,n,m,table[,id]),3)
xtable(round(cbind(R,n,m,table[,id]),3),digits=3)
write.table(table, "tablelout.txt",row.names = F)
save(table, "tablelout.RData")

load("tablelout.RData")
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Abstract

In some experiments, we would like to evaluate the strength of a component against the stress of
other variables. Such case in reliability theory is called a stress-strength model. The stress-strength
reliability has received considerable attention in branches of sciences such as industry, medicine
and engineering. So, this thesis studies point, interval and Bayesian estimations of stress-strength
reliability parameter based on record ranked set sampling scheme from the generalized exponential
distribution. Also, the record ranked set sampling scheme is compared with ordinary records in

case of point and interval estimations under the proportional reversed hazard rate model.
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