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X=function(n,lambda,a,b){
K=length(lambda)#in hamun k+1 tu maghale hast
k=K-1
x=matrix(0,n,K)
for (ii in 1:K){
x[,iil=rexp(n,lambdalii])
}

aa=apply(x,2,sum)
lambda_hat=n/aa
lambdahat last=lambda_hat [K]
lambda_last=lambda [K]
r=1
t=c);w=cQ;
while (r<=k){
comp=combn (1:k,r)
col=ncol (comp)

v=c();q=c();

for (j in 1l:col){

u=comp [, j]
lam=lambda [u]
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lam hat=lambda_ hat [u]
v[jl=lambda_last/(lambda_last+sum(lam))
ql[jl=lambdahat_last/(lambdahat_last+sum(lam_hat))
}
tlr]=((-1)"(r-1)) *sum(v)
wlr]=((-1)"(r-1))*sum(q)
r=r+l1
}
Rp=sum(t)
Rp_hat=sum(w)
b=1ist (Rp,Rp_hat,x)
return(b)

}
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Bayes=function(n,Nsim,a,b,x){
K=ncol(x)
lambda_bayes=matrix(0,Nsim,K)
for (i in 1:K){
lambda_bayes[,i]=rgamma(Nsim, shape=n+a[i],scale=1/(b[i]l+sum(x[,i])))
}
Lam=expand.grid(lambda_bayes[,1],lambda_bayes[,2]
,lambda_bayes[,3],lambda_bayes[,4])
Lam=as.matrix (Lam)
row=nrow (Lam)
estim=numeric(row)
for (m in 1:row){
lambda=Lam [m, ]
lambda_last=lambda [K]
k=K-1;r=1;
t=c(
while (r<=k){
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comp=combn (1:k,r)
col=ncol (comp)
v=c()
for (j in 1:col){
u=comp [, j]
lam=lambda [u]
v[jl=lambda_last/(lambda_last+sum(lam))
}
tlr]=((-1)"(r-1)) *sum(v)
r=r+l1
}
Rp=sum(t)
estim[m]=Rp
}
Estim=mean(estim)
return(Estim)
}
RR=X(n,lambda,a,b)
x=RR[[3]]
Nsim=10

bb=Bayes(n,Nsim,a,b,x)

OlaeblodiB ol 55505 5l 51 1l Ol $sp 25 Ol gemes 3loslinnl b kg5 610 @
Voo o 4 0 sl Jle 0lys & 3] Sy eod salial o 51 Yo Uslas s oSl
st b2 S

iter=60

n=100

tt=numeric(iter)

for (i in 1:iter){
result=X(n,lambda,a,b)
tt[i]=result[[2]]
x=result [[3]]

}
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mm_hat=mean(tt)
sd_hat=var(tt)
U=mm_hat+qnorm(0.975) *sd_hat
L=mm_hat-gnorm(0.975) *sd_hat
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library(miscTools)
library(maxLik)
y=function(n,a,b){
K=length(b)
k=K-1
x=matrix(0,n,K)
for (i in 1:K){
x[,i]l=rweibull(n,a, (b[i])~(-1/a))
}
pa=c(a,b)
Like=function(pa,x){
a=pal[1]
a=abs(a)
b=pa[2:1length(pa)]
b=abs (b)
g=n* (k+1)*log(a)+n*sum(log(b))+(a-1)* (sum(apply(log(x),2,sum)))
- (sum(b*apply(x~a,2,sum)))
g
}
m=maxLik (Like,start=c(a,b),x=x,method="BFGS")
b_last=b[K]
b_hat=abs(coef (m)) [-1]
bhat_last=b_hat [K]
r=1
t=cO;w=c()
while (r<=k){
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comp=combn (1:k,r)

col=ncol (comp)

v=c();q=c()
for (j in 1:col){
u=comp[, j]
B=b [u]

B_HAT=b_hat [u]
v[jl=b_last/(b_last+sum(B))
ql[jl=bhat_last/(bhat_last+sum(B_HAT))
}
tlr]=((-1)"(r-1)) *sum(v)
wlrl=((-1)"(r-1))*sum(q)
r=r+l1
}
Rp=sum(t)
Rp_hat=sum(w)
1=1ist (Rp,Rp_hat,x)
return(l)
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library(miscTools)
library(maxLik)
library (MASS)
library(MHadaptive)
func=function(n,Nsim,a,b,lambda,gamma,mu,sigma2){
x=matrix(0,n,K)

for (i in 1:K){

x[,i]l=rweibull(n,a, (b[i]) " (-1/a))

}
pa=c(a,b)
Like=function(pa,x){
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a=pal[1]

a=abs(a)

b=pa[2:1length(pa)]

b=abs (b)

g=n* (k+1)*log(a)+n*sum(log(b))+(a-1)* (sum(apply(log(x),2,sum)))

- (sum(b*apply(x~a,2,sum)))

g

}

m=maxLik (Like,start=c(a,b),x=x,method="BFGS")

al=abs(coef (m)) [1]

bl=log(abs(coef (m)) [2])

b2=1og(abs(coef (m)) [3])

b3=log(abs (coef (m)) [4])

b4=1og(abs (coef (m)) [5])

prior_reg<-function(pars){
a<-abs(pars[1])
beta<-pars[2:length(pars)]
prior_a<-dgamma(a,shape=lambda,scale=1/gamma,log=TRUE)
prior_betal<-dnorm(betal1] ,mul[1],sigma2[1],log=TRUE)
prior_beta2<-dnorm(betal2] ,mu[2],sigma2[2],log=TRUE)
prior_beta3<-dnorm(betal[3] ,mul[3],sigma2[3],log=TRUE)
prior_beta4<-dnorm(beta[4] ,mul4],sigma2[4],log=TRUE)

return(prior_a+prior_betal+prior_beta2+prior_beta3+prior_beta4)

}

loglike=function(pars,data){

x=data

a=abs(pars[1])

beta=pars[2:length(pars)]

g=(n*(k+1))*log(a)+sum(n*beta)+(a-1)*sum(apply(log(x),2,sum))

-sum(exp(beta)*apply(x~a,2,sum))

prior=prior_reg(pars)

return(gt+prior)

}

mcme_r<-Metro_Hastings(1li_func=loglike,pars=c(al,bl,b2,b3,bd)
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,par_names=c('a', 'betal', 'beta2', 'beta3', 'betad'),iterations=2000,data=x)

mcmc_r<-mcmc_thin(mcmc_r)

Bayes=function(n,Nsim,x){
MH=mcmc_r$trace[1:Nsim, ]
Lam=expand.grid(MH[,2] ,MH[,3] ,MH[,4],MH[,5])
Lam=as.matrix(Lam)
row=nrow (Lam)
estim=numeric (row)
for (m in 1:row){
lambda=Lam[m, ]
lambda_last=lambda [K]
k=K-1;r=1;
t=cQ)
while (r<=k){
comp=combn (1:k,r)
col=ncol (comp)
v=c()
for (j in 1:col){
u=comp [, j]
lam=lambda [u]
v[jl=lambda_last/(lambda_last+sum(lam))
}
tlr]=((-1)"(r-1)) *sum(v)
r=r+1
}
Rp=sum (t)#* (max (MH[,1])-min(MH[,1]))
estim[m]=Rp
}
Estim=mean(estim)
return(Estim)
}
estim=Bayes(n,Nsim,x)

return(estim)
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rexp2 <- function(n,rate,loc) {
rexp(n,rate)+loc
}
X=function(n,lambda,mu){
K=length(lambda)
k=K-1
x=matrix(0,n,K)
for (ii in 1:K){
x[,ii]=rexp2(n,lambdalii] ,mulii])
}
mu_hat=apply(x,2,min)
y=matrix(mu_hat,n,K,byrow=T)
Z=X-y
lambda_hat=n/(apply(z,2,sum))
lambdahat last=lambda hat [K]
lambda_last=lambda [K]
muhat_last=mu_hat [K]
mu_last=mu[K]
r=1
t=c);w=cQ;
while (r<=k){
comp=combn (1:k,r)
col=ncol (comp)
v=c();q=cQ);
for (j in 1:col){
u=comp [, j]
lam=1ambda [u]
muu=mu [u]
lam_hat=lambda_hat [u]

muu_hat=mu_hat [u]
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e=numeric(length(u))
e_hat=numeric(length(u))
for (1 in 1:length(u)){
e[l]=(mu_last-muul[l])*lam[1]
e_hat[1]=(muhat_last-muu_hat[1l])*lam hat[1]
}
v[jl=(lambda_last)
*xexp(-sum(e))/(sum(lam)+lambda_last)
q[jl=(lambdahat_last)
*xexp(-sum(e_hat))/(sum(lam_hat)+lambdahat last)
}
tlr]=((-1)"(r-1)) *sum(v)
wlr]=((-1)"(r-1))*sum(q)
r=r+l1
}
Rp=sum(t)
Rp_hat_parallel=sum(w)
b=1ist (Rp,Rp_hat_parallel,x)
return(b)
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rexp2 <- function(n,rate,loc) {
rexp(n,rate)+loc
}
X=function(n,Nsim,mu,lambda,a){
K=length(lambda)
k=K-1
x=matrix(0,n,K)
for (ii in 1:K){

x[,iil=rexp2(n,lambdalii] ,mulii])
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mu_bay=matrix(0,Nsim,K)
for (i in 1:K){
mu_bay[,i]l=rexp2(Nsim,n*lambdali]-ali] ,min(x[,1i]))
}
Mu=expand.grid(mu_bay[,1] ,mu_bayl[,2]
,mu_bay[,3],mu_bayl[,4])
Mu=as.matrix(Mu)
row=nrow (Mu)
estim=numeric (row)
for (m in 1:row){
mu_bayes=Mu [m, ]
mu_last_bayes=mu_bayes [K]
mu_last=mu[K]
lambda_last=lambda [K]
k=K-1;r=1;
t=c();w=cQ;
while (r<=k){
comp=combn(1:k,r)
col=ncol (comp)
v=c();q=c();
for (j in 1:col){
u=comp [, j]
lam=lambda [u]
muu=mu [u]
muu_bayes=mu_bayes [u]
e=numeric(length(u))
e_bayes=numeric(length(u))
for (1 in 1:length(u)){
e[1]=(mu_last-muul[l])*lam[1]
e_bayes[l]=(mu_last_bayes-muu_bayes[1l])*lam[1]
}
v[jl=(lambda_last)
*xexp(-sum(e))/(sum(lam)+lambda_last)
qljl=(lambda_last)



AD

*xexp (-sum(e_bayes))/(sum(lam)+lambda_last)
}
tlr]=((-1)"(r-1) ) *sum(v)
wlr]=((-1)"(r-1))*sum(q)

r=r+1

Rp=sum(t)
Rp_Bayes=sum(w)
estim[m]=Rp_Bayes
}
Estim=mean(estim)
b=1ist (Rp,Estim)
return(b)
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rexp2 <- function(n,rate,loc) {
rexp(n,rate)+loc
}
X=function(n,Nsim,mu,lambda,b){
K=length(lambda)
k=K-1
x=matrix(0,n,K)
for (ii in 1:K){
x[,iil=rexp2(n,lambdalii] ,mulii])
}
lambda_bay=matrix(0,Nsim,K)
for (i in 1:K){
lambda_bay[,i]=rgamma(Nsim, shape=n+1,scale=1/(n*mean(x[,i])-(n-b[i])))
}
LAM=expand.grid(lambda_bay[, 1]
,lambda_bay[,2],lambda_bay[,3],lambda_bayl[,4])
LAM=as.matrix (LAM)

row=nrow (LAM)
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estim=numeric(row)
for (m in 1:row){
lambda_bayes=LAM[m, ]
lambda_last_bayes=lambda_bayes [K]
lambda_last=lambda [K]
mu_last=mu[K]
k=K-1;r=1;
t=cO;w=c();
while (r<=k){
comp=combn (1:k,r)
col=ncol (comp)
v=c();q=c();
for (j in 1:col){
u=comp [, j]
lam=lambda [u]
muu=mu [u]
lamm_bayes=lambda_bayes [u]
e=numeric(length(u))
e_bayes=numeric(length(u))
for (1 in 1:length(u)){
e[1]=(mu_last-muul[l])*lam[1]
e_bayes[l]=(mu_last-muu[l])*lamm_bayes[1]
}
v[jl=(lambda_last)
*xexp(-sum(e))/(sum(lam)+lambda_last)
qljl=(lambda_last_bayes)
xexp(-sum(e_bayes))/(sum(lamm_bayes)+lambda_last_bayes)
}
tr]=((-1)"(r-1)) *sum(v)
wlr]=((-1)"(r-1))*sum(q)

r=r+1

Rp=sum(t)
Rp_Bayes=sum(w)
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estim[m]=Rp_Bayes
}
Estim=mean(estim)
b=1ist (Rp,Estim)
return(b)

}
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Aabstract

Nowadays, reliability and performance of the systems are the most important principles in
using systems. Our goal is the estimation of the system reliability in two cases, parallel and
series systems, in stress-strength models. Therefore, we estimated the system reliability
given the independence of the components (strength) under different distributions (Expo-
nential, Weibull, Gamma, Pareto,...) by maximum likelihood and Bayesian approach in
order to achieve better estimates, useful results and to raise working efficiency. The results
are compared for some cases. In addition to the estimation of reliability, we derive the
estimator distributions. Also, we simulated some of estimators to get optimal estimator.
Under some of distributions, the estimator of reliability has complex form. So in such
cases for simulating, using the Monte Carlo Markov Chain (MCMC) sampling method is
recommended.

Keywords Reliability, Series and parallel systems, Stress-Strength models, Monte Carlo
Markov Chain sampling methods.
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