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library (MASS)
library(AdequacyModel)
library(Newdistns)

rm(list=1s())

set.seed(2356)
n = 140
b=1.02
alpha = 1.05
lambda = 1.03
a=1.2

censor = 20
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r=1
real.par = c(a, b,alpha, lambda)

simnum = 990

gen.data <- function(n, r,censor,a, b,alpha, lambda){
x <- matrix(rep(l,n), nrow=1, ncol=n)

xcensor <- matrix(rep(l,n), nrow=1, ncol=n)

xsort <- matrix(rep(l,n), nrow=1, ncol=n)

x <- rkumg(n,"weibull", a=1,b=1,shape=alpha)

xcensor <- pmin(x,censor)

r <- sum(as.numeric(x <= censor))

xsort <- sort(xcensor)

return(list(xsort, r))

}

xsort = gen.data(n=n, r=r,censor=censor,a=a, b=b,
alpha=alpha, lambda=lambda)
r = xsort[[2]]
Er i b e e e e e e e e B 2 2 2
loglik = function(theta){
11 = c(rep(NA,1))
a = thetall]
b = thetal[2]
alpha= thetal[3]

lambda = thetal4]

11 = log(factorial(n)/factorial(n-r)) + r*(log(a)+log(b)+
log(alpha)+(alpha*log(lambda))) + sum((alpha-1)*log(xsort[[1]])) -
sum( (lambda*xsort[[1]]) "alpha) + (a-1)*
sum(log(1-exp(-(lambda*xsort[[1]]) alpha))) +
(b-1)*sum(log(1-(1-exp(-(lambda*xsort [[1]]) "alpha))~a)) +

b* (n-r)*log(1-(1-exp(-(lambda*censor) "alpha)) ~a)



A

return(ll)

}

gradi = function(theta){
cl = c2=c3 =cd4 = c(rep(NA,1))
a = thetal1]
b = thetal2]
alpha = thetal3]

lambda = thetal[4]

cl = r/a + sum(log(l-exp(-(lambda*xsort[[1]]) alpha)) -
(b-1) *sum( (1-exp (- (lambda*xsort [[1]]) "alpha))~a *
log(1-exp (- (lambda*xsort[[1]]) ~alpha)))/
(1-(1-exp(-(lambdax*xsort[[1]]) “alpha))~a)) -
b* (n-r) * (((1-exp(-(lambda*censor) “alpha)) ~a) *
log(1-exp(-(lambda*censor) “alpha)))/
(1-(1-exp (- (lambda*censor) “alpha))~a)

c2 = r/b + sum(log(1l-(1-exp(-(lambda*xsort[[1]])~alpha))~a)) +

(n-r)*log(1l-(1-exp(-(lambda*censor) ~alpha)) ~a)

c3 = r/alpha + log(lambda) + sum(log(xsort[[1]]1)) -
sum( (lambda*xsort [[1]]) "alpha*log(lambda*xsort [[1]]))+
(a-1)*sum( ((lambda*xsort [[1]]) ~alpha*
exp (- (lambda*xsort [[1]]) ~alpha)*log(lambda*xsort [[1]]))/
(1-exp(-(lambda*xsort [[1]])~alpha))) - (b-1)*
sum( (a* (lambda*xsort [[1]]) “alpha*exp (- (lambda*xsort [[1]]) “alpha) *
log(lambda*xsort [[1]])*(1-exp (- (lambda*xsort[[1]]) “alpha))~(a-1))/
(1-(1-exp(-(lambdax*xsort [[1]]) "alpha))~a)) - b*(n-r)*
(a*(lambda*censor) “alphaxexp (- (lambda*censor) “alpha)*log(lambda*censor) *
(1-exp(-(lambda*censor) “alpha))~(a-1))/
(1- (1-exp (- (lambda*censor) ~alpha)) ~a)

c4 = alpha*r/lambda - sum(alpha*xsort[[1]] alpha*lambda~(alpha-1)) +

(a-1)*sum((alpha*xsort[[1]] "alpha*lambda” (alpha-1) *
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exp (- (lambda*xsort [[1]]) ~alpha))/(1-exp(-(lambda*xsort[[1]]) "alpha))) -
(b-1) *sum( (a*alpha*xsort [[1]] “alpha*lambda~ (alpha-1) *

exp (- (lambda*xsort [[1]]) ~alpha)-(1-exp (- (lambda*xsort [[1]]) “alpha))~(a-1))/
(1-(1-exp(-(lambdaxxsort [[1]]) "alpha))~a)) - b*(n-r)*
(a*alpha*censor~alpha*lambda” (alpha-1) *exp(-(lambda*censor) “alpha)-
(1-exp(-(lambda*censor) ~alpha))~(a-1))/

(1-(1-exp(-(lambda*censor) “alpha))~a)

return(c(cl,c2,c3,c4))

}

fit2 = optim(par = c(1.2,1.02,1.05,1.03), loglik, gr = gradi, method = "BFGS",
hessian =TRUE, control=list(fnscale=-1))

fit2

fit2%par

se.par = sqrt(diag(solve(-fit2$hessian)))

se.par

#### Repeat###H####H###H#HHHH#HHAHHHBHFHHAFHHBHHHUAFHHEHHHBRFHHBSHHBRFH R AR H RS

eval.fit <- function(rep){
thetafinal = matrix(c(1.2,1.02,1.05,1.03), nrow=4,ncol=simnum)
setheta = matrix(c(1.2,1.02,1.05,1.03), nrow=4, ncol=simnum)
for (i in 1:rep){
xsort = gen.data(n=n, r=r,censor=censor,a=a, b=b,alpha=alpha, lambda=lambda)
loglik = function(theta){
11 = c(rep(NA,1))
a = thetal1]
b = thetal2]
alpha= thetal3]

lambda = thetal[4]

11 = log(factorial(n)/factorial(n-r)) + r*x(log(a)+log(b)+
log(alpha)+(alpha*log(lambda))) +
sum( (alpha-1)*log(xsort[[1]1])) -
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sum( (lambda*xsort [[1]]) "alpha) +
(a-1)*sum(log(l-exp(-(lambda*xsort[[1]]) “alpha))) +
(b-1) *sum(log(1-(1-exp(-(lambda*xsort [[1]]) “alpha))~a)) +

b*(n-r)*log(1-(1-exp(-(lambda*censor) ~alpha)) ~a)

return(1l)
}

gradi = function(theta){
cl =c2 =¢c3 =c4 = c(rep(NA,1))
a = thetalll
b = theta[2]
alpha = thetal3]

lambda = thetal[4]

cl = r/a + sum(log(1l-exp(-(lambda*xsort[[1]]) alpha)) -
(b-1) *sum( (1-exp (- (lambda*xsort [[1]]) “alpha))~a *
log(1-exp(-(lambda*xsort[[1]]) alpha)))/
(1-(1-exp(-(lambdax*xsort[[1]]) ~alpha))~a)) -
b* (n-r) * (((1-exp(-(lambda*censor) “alpha)) ~a)*
log(1-exp(-(lambda*censor) "alpha)))/
(1-(1-exp (- (lambda*censor) “alpha)) ~a)

c2 = r/b + sum(log(1l-(1-exp(-(lambda*xsort[[1]]) alpha))~a)) +

(n-r)*log(1-(1-exp(-(lambda*censor) “alpha)) ~a)

c3 = r/alpha + log(lambda) + sum(log(xsort[[1]])) -
sum( (lambda*xsort[[1]]) ~alpha*log(lambda*xsort [[1]]))+
(a-1)*sum(((lambda*xsort [[1]]) “alpha*
exp (- (lambda*xsort [[1]]) ~alpha)*log(lambda*xsort [[1]]))/
(1-exp(-(lambda*xsort [[1]]1)“alpha))) - (b-1)*
sum( (a* (lambda*xsort [[1]]) ~alpha*exp(-(lambda*xsort [[1]]) ~alpha)*
log(lambda*xsort [[1]])*(1-exp(-(lambda*xsort[[1]]) ~alpha))~(a-1))/

(1-(1-exp(-(lambda*xsort [[1]]) ~"alpha))~a)) - b*(n-r)*
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(a*x(lambda*censor) “alpha*exp (- (lambda*censor) “alpha) *
log(lambda*censor) * (1-exp (- (lambda*censor) ~alpha)) ~(a-1))/
(1-(1-exp(-(lambda*censor) "alpha))~a)

c4 = alpha*r/lambda - sum(alpha*xsort[[1]] alpha*lambda~(alpha-1)) +
(a-1)*sum((alpha*xsort[[1]] "alpha*lambda” (alpha-1) *
exp (- (lambda*xsort[[1]]) ~alpha))/
(1-exp(-(lambda*xsort [[1]])"alpha))) - (b-1)*
sum ( (a*alpha*xsort[[1]] "alpha*lambda” (alpha-1)*
exp (- (lambda*xsort [[1]]) "alpha)-(l-exp(-(lambda*xsort[[1]]) “alpha))~(a-1))/
(1-(1-exp(-(lambdaxxsort [[1]]) "alpha))~a)) - b*(n-r)*
(a*alpha*censor”~alpha*lambda” (alpha-1)*
exp (- (lambda*censor) “alpha) - (1-exp (- (lambda*censor) ~alpha))~(a-1))/

(1-(1-exp(-(lambda*censor) “alpha))~a)

return(c(cl,c2,c3,c4))

}

fit = optim(par =c(1.2,1.02,1.05,1.03), loglik, gr = gradi, method = "BFGS",
hessian = TRUE,control=list(fnscale=-1))

se.par = sqrt(diag(solve(-fit$hessian)))

thetafinal[,i] = fit$par

sethetal,i] = se.par

i=i

cat("i=",i, "\n")

}

return(list(thetafinal, setheta))

res = eval.fit(rep = simnum)

## Estimations, bias, and MSE

estimate = apply(res[[1]], 1, mean)

bias = estimate - real.par

diff

(res[[1]]-real.par)"2

MSE = sqrt(apply(diff, 1, mean))



Yo

SE = apply(res[[2]],1, function(x) mean(na.omit(x)))
## Coverage by asymptotic normal distribution: nominal level is 0.95

CIu

res[[1]]+1.96*res[[2]]
CIl

res[[1]]1-1.96*res[[2]]

coveru = CIu - matrix(real.par, nrow=4, ncol = simnum)

coverl = matrix(real.par, nrow=4, ncol = simnum) - CIl

cover.a = sum(as.numeric(coverul[l,] > 0 & coverl[1,] >0),

na.rm = T)/sum(res[[2]][1,]!="NaN")

cover.b = sum(as.numeric(coverul[2,] > 0 & coverl[2,] >0),

na.rm = T)/sum(res[[2]][2,]!="NaN")
cover.alpha = sum(as.numeric(coveru[3,] > 0 & coverl[3,] >0),
na.rm = T)/sum(res[[2]][3,]!="NaN")

cover.lambda = sum(as.numeric(coverul[4,] > 0 & coverl[4,] >0),

na.rm = T)/sum(res[[2]][4,]!="NaN")

cover.a
cover.b

cover.alpha

cover.lambda

estimate

SE

MSE

CIu=CIl=c(NA,NA,NA,NA)
real.par=c(a,b,alpha,lambda)
for(j in 1:4){
CIul[jl=estimate[j]+1.96%*SE[]j]
CI1[jl=estimate[j]-1.96%SE[j]
+

CIu

CI1l
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library (MASS)
library(AdequacyModel)
library(Newdistns)
library(zipfR)

rm(list=1s())

set.seed(1234)
n = 90

a = .81
b=1.12

alpha=.6

lambda 1.2

censor = 20

r=1
real.par = c(a, b,alpha, lambda)

simnum = 500

gen.data <- function(n, r,censor,a, b,alpha, lambda){
x <- matrix(rep(l,1*n), nrow=1, ncol=n)

xcensor <- matrix(rep(l,1*n), nrow=1, ncol=n)

xsort <- matrix(rep(l,1*n), nrow=1, ncol=n)

x <- rkumg(n,"gamma",a=1,b=1,shape=alpha)

xcensor <- pmin(x,censor)

r <- sum(as.numeric(x <= censor))

xsort <- sort(xcensor)

return(list(xsort, r))

}

xsort = gen.data(n=n, r=r,censor=censor,a=a, b=b,

alpha=alpha, lambda=lambda)
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r = xsort[[2]]
Gt i i e e e e e e e B B e B B e B B e
loglik = function(theta){
11 = c(rep(NA,1))
a = thetal1]
b = thetal[2]
alpha = thetal3]

lambda = thetal[4]

11 = log(factorial(n)/factorial(n-r)) +
r*(log(a)+log(b)+alpha*log(lambda))-
n*axb*log(gamma(alpha))+

(alpha-1)*sum(log(xsort[[1]1]1)) -
lambda*sum(xsort [[111)+
(a-1)*sum(log(Igamma (alpha,lambda*xsort [[1]],lower=T)))+
(b-1)*sum(log((gamma(alpha)) ~a-
(Igamma (alpha,lambda*xsort[[1]],lower=T)) "a))+
b* (n-r)*log((gamma(alpha)) ~a-

(Igamma (alpha,lambda*censor,lower=T))~a)

return(ll)

}

gradi = function(theta){
cl = c2 =c3 =cd = c(rep(NA,1))
a = thetal1]

b = thetal2]
alpha=thetal[3]

lambda = thetal4]

cl = r/a + b*n*log(gamma(alpha)) +
sum(log(Igamma(alpha,lambda*xsort[[1]],lower=T))) +
(b-1)*sum( ( (gamma(alpha))”a *

log(gamma(alpha)) -
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(Igamma(alpha,lambda*xsort [[1]],lower=T)) a *
log(Igamma(alpha,lambda*xsort[[1]],lower=T)) )/
( (gamma(alpha))~a -

(Igamma(alpha,lambda*xsort [[1]],lower=T)) a))+
b*(n-r)* ( (gamma(alpha))~a * log(gamma(alpha)) -
(Igamma(alpha,lambda*censor,lower=T)) "a *
log(Igamma(alpha,lambda*censor,lower=T)) )/

((gamma (alpha))~a - (Igamma(alpha,lambda*censor,lower=T)) a)

c2 = r/b - a*nxlog(gamma(alpha)) + sum(log( (gamma(alpha))~a -
(Igamma(alpha,lambda*xsort[[1]],lower=T))"a )) +
(n-r)*log( (gamma(alpha))~a -

(Igamma(alpha,lambda*censor,lower=T))"a )

c3 = rxlog(lambda) - digamma(alpha)*a*b*n +
sum(log(xsort[[1]1])) + (b-1)*sum( (a*gamma(alpha)*

digamma (alpha)* (gamma(alpha))~(a-1))/

( (gamma(alpha))~a -

(Igamma (alpha,lambda*xsort [[1]],lower=T))"a ) ) +

b* (n-r) * (a*gamma (alpha) *digamma (alpha) * (gamma (alpha)) ~(a-1))/
( (gamma(alpha))~a -

(Igamma(alpha,lambda*censor,lower=T)) a )

c4 = (r*alpha)/lambda - sum(xsort[[1]]) + (a-1)*

sum( (xsort[[1]]*(lambda*xsort[[1]]) ~(alpha-1)=*

exp (- (lambda*xsort [[111)))/
(Igamma(alpha,lambda*xsort[[1]],lower=T)) ) - (b-1)*

sum( (a*xsort [[1]]* (lambda*xsort[[1]]) " (alpha-1)*

exp (- (lambda*xsort [[1]1]1))*

(Igamma (alpha,lambda*xsort [[1]],lower=T)) " (a-1))/

((gamma(alpha))~a - (Igamma(alpha,lambda*xsort[[1]1],lower=T))"a)) -
b* (n-r) * (a*censor* (lambda*censor) ~ (alpha-1)*

exp (- (lambda*censor) ) *

(Igamma(alpha,lambda*censor,lower=T)) " (a-1))/
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((gamma (alpha))~a - (Igamma(alpha,lambda*censor,lower=T)) "a)

return(c(cl,c2,c3,c4))

}

fit = optim(par = c(.81,1.12,.6,1.2), loglik, gr = gradi,
method = "BFGS", hessian =TRUE,control=list(fnscale=-1))

fit

fit$par

se.par = sqrt(diag(solve(-fit$hessian)))

se.par

#### Repeat#H#ffit#ifHHMHHH IR

eval.fit <- function(rep){

thetafinal = matrix(c(.81,1.12,.6,1.2), nrow=4,ncol=simnum)
setheta = matrix(c(.81,1.12,.6,1.2), nrow=4, ncol=simnum)
for (i in 1l:rep){

xsort = gen.data(n=n, r=r,censor=censor,a=a, b=b,alpha=alpha ,lambda=lambda)

loglik = function(theta){
11 = c(rep(NA,1))
a = thetal1]
b = thetal2]
alpha = thetal[3]

lambda = thetal4]

11 = log(factorial(n)/factorial(n-r)) +
r*(log(a)+log(b)+alpha*log(lambda) )~
n*xaxbxlog(gamma(alpha))+
(alpha-1)*sum(log(xsort[[1]])) - lambda*sum(xsort[[1]])+
(a-1)*sum(log(Igamma (alpha,lambda*xsort[[1]],lower=T)))+
(b-1) *sum(log((gamma (alpha)) ~a-
(Igamma (alpha,lambda*xsort[[1]],lower=T)) a))+

b* (n-r)*log((gamma(alpha)) ~a-
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(Igamma(alpha,lambda*censor,lower=T)) ~a)

return(ll)

}

gradi = function(theta){
cl =c2 =1c3 =c4 = c(rep(NA,1))
a = thetal[1]

b = theta[2]
alpha=thetal[3]

lambda = thetal[4]

cl = r/a + b*nxlog(gamma(alpha)) +

sum(log(Igamma(alpha,lambda*xsort[[1]],lower=T))) +

(b-1)*sum( ( (gamma(alpha))~a * log(gamma(alpha)) -

(Igamma (alpha,lambda*xsort[[1]],lower=T)) "a *

log(Igamma (alpha,lambda*xsort[[1]],lower=T)))/

( (gamma(alpha))~a -

(Igamma (alpha,lambda*xsort[[1]],lower=T))"a)) +

b*(n-r)* ( (gamma(alpha))~a * log(gamma(alpha)) -

(Igamma(alpha,lambda*censor,lower=T)) a *

log(Igamma(alpha,lambda*censor,lower=T)) )/

((gamma (alpha))~a - (Igamma(alpha,lambda*censor,lower=T)) "a)

c2 = r/b - a*n*log(gamma(alpha)) + sum(log( (gamma(alpha))~a -

(Igamma (alpha,lambda*xsort[[1]],lower=T))"a )) +

(n-r)*log( (gamma(alpha))~a -

(Igamma(alpha,lambda*censor,lower=T)) a )

c3 = rx¥log(lambda) - digamma(alpha)*a*b*n +

sum(log(xsort[[11])) + (b-1)*

sum( (a*gamma(alpha)*digamma (alpha)* (gamma(alpha))~(a-1))/

( (gamma(alpha))~a -

(Igamma(alpha,lambda*xsort[[1]],lower=T))"a ) ) +
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b* (n-r)* (a*xgamma (alpha) *digamma (alpha) * (gamma (alpha)) ~(a-1))/

( (gamma(alpha))”a - (Igamma(alpha,lambda*censor,lower=T)) a )

c4 = (r*alpha)/lambda - sum(xsort[[1]]) + (a-1)*sum( (xsort[[1]]*
(lambda*xsort [[1]]) ~(alpha-1)*exp (- (lambda*xsort [[1]])))/
(Igamma(alpha,lambda*xsort[[1]],lower=T)) ) - (b-1)*

sum( (a*xsort [[1]]*

(lambda*xsort [[1]]) ~(alpha-1)*exp(-(lambda*xsort [[1]]))*

(Igamma (alpha,lambda*xsort[[1]],lower=T)) (a-1))/

((gamma (alpha))~a - (Igamma(alpha,lambda*xsort[[1]],lower=T))"a)) -
b* (n-r) * (a*censor*(lambda*censor) ~(alpha-1) *exp (- (lambda*censor) ) *
(Igamma (alpha,lambda*censor,lower=T)) ~(a-1))/

((gamma (alpha))~a - (Igamma(alpha,lambda*censor,lower=T)) a)

return(c(cl,c2,c3,cd))
}

fit = optim(par = c(.81,1.12,.6,1.2), loglik, gr = gradi, method = "BFGS",
hessian = TRUE,control=list(fnscale=-1))

se.par = sqrt(diag(solve(fit$hessian)))

thetafinal[,i] = fit$par

sethetal,i] = se.par

i=i

cat("i=",i, "\n")

}

return(list (thetafinal, setheta))

res = eval.fit(rep = simnum)

## Estimations, bias, and MSE

estimate = apply(res[[1]], 1, mean)
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bias = estimate - real.par

diff = (res[[1]]-real.par)”~2

MSE = sqrt(apply(diff, 1, mean))

SE = apply(res[[2]],1, function(x) mean(na.omit(x)))

## Coverage by asymptotic normal distribution: nominal level is 0.95

CIu = res[[1]]+1.96*res[[2]]
CI1 = res[[1]]1-1.96%*res[[2]]
coveru =

CIu - matrix(real.par, nrow=4, ncol = simnum)

coverl = matrix(real.par, nrow=4, ncol = simnum) - CIl

cover.a = sum(as.numeric(coverul[l,] > 0 & coverl[1,] >0),

na.rm

T)/sum(res[[2]][1,]!'="NaN")

cover.b = sum(as.numeric(coveru[2,] > 0 & coverl[2,] >0),

na.rm

T)/sum(res[[2]] [2,]!'="NaN")

cover.alpha = sum(as.numeric(coveru[3,] > 0 & coverl[3,] >0),

na.rm = T)/sum(res[[2]][3,]!="NaN")

cover.lambda = sum(as.numeric(coverul4,] > 0 & coverl[4,] >0),

na.rm

cover.a
cover.b

cover.alpha

cover.lambda

estimate

SE

MSE

CIu=CIl=c(NA,NA,NA,NA)
real.par=c(a,b,alpha,lambda)
for(j in 1:4){
CIul[jl=estimate[j]+1.96%*SE[]j]
CI1[jl=estimate[j]-1.96%SE[j]
+

CIu

CIl

T)/sum(res[[2]] [4,]!="NaN")
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library (MASS)
library(AdequacyModel)
library(Newdistns)
rm(list=1s())

set.seed(2345)

n = 155
b =1.19
alpha = 1.6

lambda = 1.11

a=1.32

r =26

real.par = c(a,b,alpha, lambda)

simnum = 1000

gen.data <- function(n, r,a, b,alpha, lambda){
x <- matrix(rep(l,n), nrow=1, ncol=n)

xcensor <- matrix(rep(l,r), nrow=1, ncol=r)

x <- rkumg(n,"weibull" ,shape=alpha)

xcensor <- sort(x)[1l:r]

return(xcensor)

}

xcensor = gen.data(n=n, r=r,a=a, b=b,

alpha=alpha, lambda=lambda)

xcensor [r]
HHEHHHAHHHHHFBHBHBHBHBHBHAH AR H AR AR HEHEHEHEHEHGHE R GRS RS RS RS RASRS BB BH
loglik = function(theta){

11 = c(rep(NA,1))

a = thetal1]
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b = thetal2]
alpha = thetal3]

lambda = thetal4]

11 = log(factorial(mn)/factorial(n-r)) + r*(log(a)+log(b)+
log(alpha)+(alpha*log(lambda))) +

sum( (alpha-1)*log(xcensor)) -

sum( (lambda*xcensor) "alpha) + (a-1)%*
sum(log(1-exp(-(lambda*xcensor)  alpha))) +
(b-1)*sum(log(1-(1-exp(-(lambda*xcensor) ~alpha))~a)) +

b*(n-r)*log(1-(1-exp(-(lambda*xcensor[r]) “alpha)) a)

return(1l)

X
#ii

gradi = function(theta){
cl = c2 =c3 =cd = c(rep(NA,1))
a = thetal1]
b = thetal2]
alpha = thetal3]

lambda = thetal4]

cl = r/a + sum(log(l-exp(-(lambda*xcensor) alpha)) -
(b-1) *sum( (1-exp (- (lambda*xcensor) “alpha))"a *
log(1-exp(-(lambda*xcensor) “alpha)))/

(1-(1-exp(- (lambda*xcensor) “alpha))~a)) -

b* (n-r) * (((1-exp (- (lambda*xcensor [r]) “alpha)) ~a)*
log(1-exp(-(lambda*xcensor [r]) ~alpha)))/

(1-(1-exp (- (lambda*xcensor [r]) “alpha)) ~a)

c2 = r/b + sum(log(1l-(1-exp(-(lambda*xcensor) alpha))~a)) +
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(n-r)*log(1l-(1-exp(-(lambda*xcensor[r]) ~alpha)) ~a)

c3 = r/alpha + log(lambda) + sum(log(xcensor) -

sum ( (Lambda*xcensor) “alphaxlog(lambda*xcensor) )+
(a-1)*sum(((lambda*xcensor) “alpha*exp (- (lambda*xcensor) “alpha) *
log(lambda*xcensor))/(1l-exp(-(lambda*xcensor) “alpha))) -

(b-1) *sum( (a* (Lambda*xcensor) ~alpha*exp (- (lambda*xcensor) “alpha) *
log(lambda*xcensor)* (1-exp (- (lambda*xcensor) ~alpha))~(a-1))/
(1-(1-exp(-(lambda*xcensor) "alpha))~a)) - b*(n-r)*
((ax(lambda*xcensor [r]) “alpha*exp (- (lambda*xcensor [r]) ~alpha) *
log(lambda* (xcensor [r]))*(1-exp(-(lambda* (xcensor[r])) ~alpha))~(a-1))/
(1 - (1 - exp(-(lambda*(xcensor[r]))~alpha))~a)))

c4 = ((alphaxr)/lambda) - sum(alpha*((xcensor)~alpha)*lambda~(alpha-1)) +
(a-1)*sum( (alpha* ((xcensor) "alpha)*lambda” (alpha-1)*
exp (- (lambda* (xcensor)) ~alpha))/

(1-exp(-(lambda* (xcensor)) ~alpha))) - (b-1)x*

sum( (a*alpha*((xcensor) “alpha)*lambda”(alpha-1)*

exp (- (lambda* (xcensor)) ~alpha) -
(1-exp(-(lambda* (xcensor)) ~alpha))~(a-1))/
(1-(1-exp(-(lambda* (xcensor))~alpha))~a)) - b*(n-r)=*
(a*alphax*((xcensor[r]) ~alpha)*lambda” (alpha-1)*

exp (- (lambda* (xcensor[r])) ~alpha)-

(1-exp (- (lambda* (xcensor [r])) ~alpha))~(a-1))/

(1-(1-exp(-(lambda* (xcensor[r]))~alpha))~a)

return(c(cl,c2,c3,cd))
}

fit = optim(par = c(1.32,1.19,1.6,1.11), loglik, gr = gradi, method = "BFGS",
hessian = TRUE,control=list(fnscale=-1))

fit

fit$par

se.par = sqrt(diag(solve(-fit$hessian)))
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se.par

H#HHHHBHHAHHRH AR AR RS

###Repeat###i#

eval.fit <- function(rep){

thetafinal = matrix(c(1.32,1.19,1.6,1.11), nrow=4,ncol=simnum)

setheta = matrix(c(1.32,1.19,1.6,1.11), nrow=4, ncol=simnum)

for (i in 1:rep){

xcensor = gen.data(n=n, r=r,a=a, b=b,alpha=alpha, lambda=lambda)

loglik = function(theta){
11 = c(rep(NA,1))
a = thetal1]
b = thetal2]
alpha = thetal[3]

lambda = thetal[4]

11 = log(factorial(n)/factorial(n-r)) + r*(log(a)+log(b)+

log(alpha)+(alpha*log(lambda))) + sum((alpha-1)*log(xcensor)) -

sum( (lambda*xcensor) “alpha) + (a-1)x*

sum(log(1-exp(-(lambda*xcensor)  alpha))) +

(b-1)*sum(log(1-(1-exp(-(lambda*xcensor) “alpha))~a)) +

b* (n-r)*log(1-(1-exp(-(lambda*xcensor[r]) “alpha))~a)

return(1l)

b
Hii

gradi = function(theta){

cl = c2 =c3 =c4 = c(rep(NA,1))

a = thetal1]
b = thetal2]

alpha = thetal3]
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lambda = thetal4]

cl = r/a + sum(log(1l-exp(-(lambda*xcensor) alpha)) -
(b-1) *sum( (1-exp (- (lambda*xcensor) ~"alpha)) ~a *
log(1l-exp(-(lambda*xcensor) “alpha)))/
(1-(1-exp(-(lambda*xcensor) “alpha))~a)) -
b* (n-r)*(((1-exp(-(lambda*xcensor[r]) “alpha))~a) *
log(1l-exp(-(lambda*xcensor[r]) “alpha)))/
(1-(1-exp(-(lambda*xcensor [r]) “alpha)) "a)

c2 = r/b + sum(log(1-(1-exp(-(lambda*xcensor) alpha))~a)) +
(n-r)*log(1-(1-exp(-(lambda*xcensor[r]) ~alpha)) ~a)

c3 = r/alpha + log(lambda) + sum(log(xcensor) -
sum ( (lambda*xcensor) ~alpha*log(lambda*xcensor))+
(a-1)*sum(((lambda*xcensor) “alpha*
exp (- (lambda*xcensor) ~alpha) *1log(lambda*xcensor))/
(1-exp(-(lambda*xcensor) ~alpha))) - (b-1)*
sum( (a*x (lambda*xcensor) ~alpha*exp (- (lambda*xcensor) ~alpha) *
log(lambda*xcensor)* (1-exp (- (lambda*xcensor) “alpha))~(a-1))/
(1-(1-exp(-(lambda*xcensor) “alpha))~a)) - b*(n-r)*
((a*(lambdax*xcensor[r]) ~“alpha*exp (- (lambda*xcensor [r]) “alpha) *
log(lambda* (xcensor [r]))*(1-exp(-(lambda* (xcensor[r])) ~alpha))~(a-1))/
(1 - (1 - exp(-(lambda*(xcensor[r])) alpha))~a)))
c4 = ((alphaxr)/lambda) - sum(alpha*((xcensor) alpha)*lambda”(alpha-1)) +
(a-1)*sum((alpha* ((xcensor) “alpha)*lambda” (alpha-1)*
exp (- (lambda* (xcensor)) ~alpha))/
(1-exp(-(lambda* (xcensor))~alpha))) - (b-1)*
sum ( (a*alpha* ((xcensor) “alpha)*lambda” (alpha-1)*
exp (- (lambda* (xcensor) ) “alpha)-
(1-exp(-(lambda* (xcensor)) “alpha))~(a-1))/
(1-(1-exp(-(lambda* (xcensor)) ~alpha))~a)) - b*(n-r)*
(a*alphax ((xcensor[r]) “alpha)*lambda” (alpha-1) *
exp (- (lambda* (xcensor[r])) ~alpha)-
(1-exp(-(lambda*(xcensor[r])) ~alpha))~(a-1))/

(1-(1-exp(-(lambdax (xcensor [r])) “alpha)) ~a)



Silodecd & by o R )Ble 5 slauS” AA

return(c(cl,c2,c3,cd))

}

fit = optim(par = c(1.32,1.19,1.6,1.11), loglik, gr = gradi, method = "BFGS",

hessian

se.par

= TRUE, control=list(fnscale=-1))

sqrt (diag(solve(fit$hessian)))

thet
seth
i=ji

cat (

}

afinall[,i] = fit$par

etal[,i] = se.par

Ili=ll,i’ "\nll)

return(list(thetafinal, setheta))

res

## E

= eval.fit(rep = simnum)

stimations, bias, and MSE

estimate = apply(res[[1]], 1, mean)

bias = estimate - real.par

diff = (res[[1]]-real.par)”2

MSE = sqrt(apply(diff, 1, mean))

SE = apply(res[[2]],1, function(x) mean(na.omit(x)))

## Coverage by asymptotic normal distribution: nominal level is 0.95
CIu = res[[1]]1+1.96%*res[[2]]

CI1 = res[[1]]-1.96%res[[2]]

coveru = CIu - matrix(real.par, nrow=4, ncol = simnum)
coverl = matrix(real.par, nrow=4, ncol = simnum) - CI1
cover.a = sum(as.numeric(coverul[l,] > 0 & coverl[1,] >0),
na.rm = T)/sum(res[[2]][1,]!="NaN")

cover.b = sum(as.numeric(coverul[2,] > 0 & coverl[2,] >0),
na.rm = T)/sum(res[[2]][2,]!="NaN")



A

cover.

na.rm

cover

na.rm

cover.

cover

cover.

cover.

estim
SE
MSE
CIu=C

= T)/sum(res[[2]][3,]!="NaN")

.lambda = sum(as.numeric(coverul[4,] > 0 & coverl[4,] >0),

T)/sum(res[[2]][4,] !'="NaN")

a

.b
alpha
lambda

ate

I1=c(NA,NA,NA,NA)

real.par=c(a,b,alpha,lambda)

for(j
CIulj
CI1[j
}
Clu

CI1

in 1:4){
l=estimate[j]+1.96*SE[]]
J=estimate[j]l-1.96*SE[j]

alpha = sum(as.numeric(coverul[3,] > 0 & coverl[3,] >0),

0l jgmil (slaools jloslanwl L L olgwl)logS aujes (gilwact 4y bogs o o5 . F

libra
libra
libra
libra
rm(1li
set.s

n=>5

a=1.

b=
alpha

lambd

ry (MASS)

ry (AdequacyModel)
ry (Newdistns)
ry(zipfR)
st=1s())

eed(10)

0

09

.97

=1.14

a=1.13

90 &9
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r = 46
real.par = c(a,b,alpha, lambda)

simnum = 1100

gen.data <- function(n, r,a, b,alpha, lambda){
x <- matrix(rep(l,n), nrow=1, ncol=n)

xcensor <- matrix(rep(l,r), nrow=1, ncol=r)

x <- rkumg(n,"gamma",a=1,b=1,shape=alpha)

xcensor <- sort(x)[1:r]

return(xcensor)

}

xcensor = gen.data(n=n, r=r,a=a, b=b,
alpha=alpha, lambda=lambda)
xcensor [r]
B s S s S S e e s e S e S T S R S 2 2
loglik = function(theta){
11 = c(rep(NA,1))
a = thetal1]
b = thetal[2]
alpha = thetal3]

lambda = thetal4]

11 = log(factorial(n)/factorial(n-r)) + r*(log(a)+log(b)+
alpha*log(lambda))-n*a*b*log(gamma(alpha))+
(alpha-1)*sum(log(xcensor)) - lambda*sum(xcensor)+
(a-1)*sum(log(Igamma(alpha,lambda*xcensor,lower=T)) )+
(b-1)*sum(log((gamma(alpha)) ~a-
(Igamma(alpha,lambda*xcensor,lower=T)) "a))+
b* (n-r)*log((gamma(alpha)) "a-

(Igamma(alpha,lambda*xcensor[r],lower=T)) a)



Q)

return(1l)

X
#H#

gradi = function(theta){
cl = c2=c3 =cd4 = c(rep(NA,1))
a = thetal1]
b = thetal2]
alpha = thetal3]

lambda = thetal[4]

cl = r/a + b*nxlog(gamma(alpha)) +
sum (log (Igamma (alpha,lambda*xcensor,lower=T))) +
(b-1)*sum( ( (gamma(alpha))~a * log(gamma(alpha)) -
(Igamma(alpha,lambda*xcensor,lower=T)) ~a *
log(Igamma(alpha,lambda*xcensor,lower=T)) )/
( (gamma(alpha))~a - (Igamma(alpha,lambda*xcensor,lower=T))"a)) +
b*(n-r)* ( (gamma(alpha))~a * log(gamma(alpha)) -
(Igamma(alpha,lambda*xcensor [r],lower=T)) a *
log(Igamma(alpha,lambda*xcensor[r],lower=T)) )/

((gamma(alpha))~a -(Igamma(alpha,lambda*xcensor [r],lower=T)) a)

c2 = r/b - a*nxlog(gamma(alpha)) + sum(log( (gamma(alpha))~a -
(Igamma(alpha,lambda*xcensor,lower=T))"a )) +
(n-r)*log( (gamma(alpha))~a -

(Igamma (alpha,lambda*xcensor[r],lower=T))"a )

c3 = r*xlog(lambda) - digamma(alpha)*a*b*n +

sum(log(xcensor)) + (b-1)*sum( (a*gamma(alpha)*digamma (alpha)*
(gamma (alpha))~(a-1))/
( (gamma(alpha))~a - (Igamma(alpha,lambda*xcensor,lower=T))"a ) ) +
b* (n-r)* (a*xgamma (alpha) *digamma (alpha) * (gamma (alpha)) ~(a-1))/

((gamma(alpha))~a - (Igamma(alpha,lambda*xcensor[r],lower=T))"a )
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c4 = (rxalpha)/lambda - sum(xcensor) + (a-1)x*

sum( (xcensor*(lambda*xcensor) ~(alpha-1)*exp (- (lambda*xcensor)))/
(Igamma(alpha,lambda*xcensor,lower=T)) ) - (b-1)x*

sum ( (a*xcensor* (lambda*xcensor) ~ (alpha-1)*exp (- (lambda*xcensor)) *
(Igamma (alpha,lambda*xcensor,lower=T)) (a-1))/

((gamma (alpha))~a - (Igamma(alpha,lambda*xcensor,lower=T)) a)) -
b* (n-r)* (a*xxcensor [r] * (Lambda*xcensor [r]) " (alpha-1)*

exp (- (lambda*xcensor [r]))*
(Igamma(alpha,lambda*xcensor[r],lower=T))  (a-1))/

((gamma (alpha))~a - (Igamma(alpha,lambda*xcensor[r],lower=T)) a)
return(c(cl,c2,c3,c4))

}

fit = optim(par = c¢(1.08,.97,.9,1.03), loglik, gr = gradi, method = "BFGS",

hessian = TRUE,control=list(fnscale=-1))

fit = optim(par = c(1.09,.92,1.14,1.13), loglik, gr = gradi, method = "BFGS",

hessian = TRUE,control=list(fnscale=-1))

fit
fit$par
se.par = sqrt(diag(solve(-fit$hessian)))

se.par

HEHHHBHFH B AR HERHHRRSHHH

###Repeat###i#

eval.fit <- function(rep){

thetafinal = matrix(c(1.09,.97,1.14,1.13), nrow=4,ncol=simnum)
setheta = matrix(c(1.09,.97,1.14,1.13), nrow=4, ncol=simnum)
for (i in 1l:rep){

xcensor = gen.data(n=n, r=r,a=a, b=b,alpha=alpha, lambda=lambda)



qy

loglik = function(theta){
11 = c(rep(NA,1))
a = thetal1]
b = theta[2]
alpha = thetal[3]

lambda = thetal4]

11 = log(factorial(n)/factorial(n-r)) +
r*x(log(a)+log(b)+alpha*log(lambda))-n*a*b*log(gamma(alpha))+
(alpha-1)*sum(log(xcensor)) - lambda*sum(xcensor)+
(a-1)*sum(log(Igamma (alpha,lambda*xcensor,lower=T)))+

(b-1)*sum(log((gamma(alpha)) ~a-
(Igamma (alpha,lambda*xcensor,lower=T)) "a))+
b* (n-r)*log((gamma(alpha)) ~a-

(Igamma(alpha,lambda*xcensor [r],lower=T)) "a)

return(ll)

+
#H###

gradi = function(theta){
cl =c2 =¢c3 =c4 = c(rep(NA,1))
a = thetal1]
b = theta[2]
alpha = thetal3]

lambda = thetal[4]

cl = r/a + b*nxlog(gamma(alpha)) +

sum(log(Igamma (alpha,lambda*xcensor,lower=T))) +
(b-1)*sum( ( (gamma(alpha))~a * log(gamma(alpha)) -

(Igamma (alpha,lambda*xcensor,lower=T)) "a *

log(Igamma(alpha,lambda*xcensor,lower=T)) )/
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( (gamma(alpha))~a -

(Igamma (alpha,lambda*xcensor,lower=T))"a )) +
bx(n-r)* ( (gamma(alpha))~a * log(gamma(alpha)) -
(Igamma(alpha,lambda*xcensor [r],lower=T)) a *
log(Igamma(alpha,lambda*xcensor[r],lower=T)) )/

((gamma(alpha))~a - (Igamma(alpha,lambda*xcensor[r],lower=T)) a)

c2 = r/b - a*nxlog(gamma(alpha)) + sum(log( (gamma(alpha))~a -
(Igamma(alpha,lambda*xcensor,lower=T))"a )) +
(n-r)*log( (gamma(alpha))~a -

(Igamma (alpha,lambda*xcensor[r],lower=T))"a )

c3 = r*xlog(lambda) - digamma(alpha)*a*b*n +

sum(log(xcensor)) + (b-1)*sum((a*gamma(alpha)*digamma(alpha)*
(gamma (alpha))~(a-1))/

( (gamma(alpha))~a - (Igamma(alpha,lambda*xcensor,lower=T))"a)) +
b* (n-r)* (a*xgamma (alpha) *digamma (alpha) * (gamma (alpha)) ~(a-1))/

( (gamma(alpha))~a - (Igamma(alpha,lambda*xcensor[r],lower=T)) a )

c4 = (rxalpha)/lambda - sum(xcensor) + (a-1)*

sum( (xcensor*(lambda*xcensor)~ (alpha-1)*exp(-(lambda*xcensor)))/
(Igamma(alpha,lambda*xcensor,lower=T)) ) - (b-1)*

sum( (a*xxcensor*(lambda*xcensor) ~ (alpha-1)*
exp(-(lambda*xcensor)) *

(Igamma (alpha,lambda*xcensor,lower=T)) (a-1))/

((gamma (alpha))~a - (Igamma(alpha,lambda*xcensor,lower=T)) a)) -
b* (n-r)* (a*xxcensor [r] * (lambda*xcensor [r]) ~(alpha-1)*

exp (- (lambda*xcensor [r]))*
(Igamma(alpha,lambda*xcensor[r],lower=T))  (a-1))/

((gamma (alpha))~a - (Igamma(alpha,lambda*xcensor[r],lower=T)) a)

return(c(cl,c2,c3,c4))

}



0

fit = optim(par = c(1.09,.97,1.14,1.13), loglik, gr = gradi, method = "BFGS",
hessian = TRUE,control=list(fnscale=-1))

se.par = sqrt(diag(solve(fit$hessian)))

thetafinall,i] = fit$par

sethetal,i] = se.par

i=i

cat("i=",i, "\n")

}

return(list(thetafinal, setheta))

res = eval.fit(rep = simnum)

## Estimations, bias, and MSE
estimate = apply(res[[1]], 1, mean)

bias = estimate - real.par

diff = (res[[1]]-real.par)~2
MSE = sqrt(apply(diff, 1, mean))

SE = apply(res[[2]],1, function(x) mean(na.omit(x)))

## Coverage by asymptotic normal distribution: nominal level is 0.95

CIu = res[[1]]+1.96*res[[2]]
CI1 = res[[1]]1-1.96*res[[2]]
coveru = CIu - matrix(real.par, nrow=4, ncol = simnum)

coverl = matrix(real.par, nrow=4, ncol = simnum) - CIl

cover.a = sum(as.numeric(coverul[l,] > 0 & coverl[1,] >0),

na.rm = T)/sum(res[[2]][1,]!="NaN")

cover.b = sum(as.numeric(coveru[2,] > 0 & coverl[2,] >0),
na.rm = T)/sum(res[[2]][2,]!="NaN")

cover.alpha = sum(as.numeric(coverul[3,] > 0 & coverl[3,] >0),

na.rm = T)/sum(res[[2]][3,]!="NaN")

cover.lambda = sum(as.numeric(coverul[4,] > 0 & coverl[4,] >0),
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na.rm = T)/sum(res[[2]][4,] !'="NaN")

cover.a
cover.b
cover.alpha
cover.lambda
estimate

SE

MSE

CIu=CIl=c(NA,NA,NA,NA)
real.par=c(a,b,alpha,lambda)
for(j in 1:4){
CIul[jl=estimate[j]+1.96*SE[]]
CI1[jl=estimate[j]-1.96%*SE[j]
}

CIu

CI1
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Abstract

Kumaraswamy presented a probability density property for randomized two-side processes. For
the first time, based on this distribution, a new family of generalized distributions was created.
Some special distributions, such as the Kumaraswamy Gamma, Kumaraswamy Normal, Kumaraswamy
Weibull, etc, are discussed in the new family and we have obtained the moments and order statis-
tics of these distributions.
we have used The Maximum Likelihood Method for Estimating Generalized Distributions of Ku-
maraswamy and a simulation study for Type 1 censored data and Type II censored data, and for
each censor, we estimate the parameters, the mean of second error, the approximate confidence
interval, and the coverage rate. We also have examined parameters performance with pre-fixed
values.

The Keywords: kumaraswamy generalized distribution, Type I censor, Type II censor, Maxi-

mum Likelihood Estimation, Gamma Distribution, Weibull Distribution and confidence interval.
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