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set.seed(758923)

nl <- 20

n2 <- 30

x1 <- rnorm(nl, 9, 1)
x2 <- rnorm(n2, 5, 1)
thetal <- mean(xl)
theta2 <- mean(x2)
vhatl <- var(xl)/nl
vhat2 <- var(x2)/n2
alpha <- 0.05

z <- gqnorm(l - alpha/2)

# Delta method

EA <- thetal/theta2 + thetal/theta2”3*vhat?2

VA <- (1/theta2)”2 * vhatl + (thetal/theta2"2)"2 * vhat2
D1 <- EA - z*sqrt(VA)

Du <- EA + z*sqrt(VA)

# Fieller’s theorem

K <- sqrt((-2*thetal*theta2)"2 - 4*(thetal”2-vhatl*z"2)*(theta2"2-vhat2*z"2))
Fl <- (2*thetal*theta2 - K) / (2*(theta2"2-vhat2*z"2))

Fu <- (2*thetal*theta2 + K) / (2*(theta2"2-vhat2*z"2))

# Ratio distribution

fy <- function(y, mul, mu2, sigmal, sigma2) {
a <- function(...) sqrt(y"2/sigmal”2 + 1/sigma2”2)
b <- function(...) y*mul/sigmal”2 + mu2/sigma2 "2
c <- function(...) exp(b(y)~"2/a(y)"2/2 - (mul"2/sigmal”2 + mu2°2/sigma2°2) / 2)
b(y)*c(y)/a(y) 3 * (2*pnorm(b(y)/a(y))-1) / (sqrt(2*pi)*sigmal*sigma2) +
exp(-(mul”2/sigmal”2 + mu2°2/sigma2°2)/2) / (a(y) 2*pi*sigmal®*sigma2)

}

f <- function(y) fy(y, thetal, theta2, sqrt(vhatl), sqrt(vhat2))

objfl <- function(x) (integrate(f, 0, x)$value - 0.025)"2

objfu <- function(x) (integrate(f, x, +Inf)$value - 0.025)"2

Rl <- optimize(objfl, c(1, 3))$minimum

Ru <- optimize(objfu, c(1, 3))$minimum

D1; Du
Fl; Fu
Rl; Ru
> D1; Du

[1] 1.682642
[1] 2.035469
> Fl; Fu

[1] 1.690572
[1] 2.045355
> R1; Ru

[1] 1.690579
[1] 2.045372
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deltaci <- function(thetal, theta2, vhatl, vhat2, alpha) {
z <- qnorm(1l - alpha/2)
EA <- thetal/theta2 + thetal/theta2 3*vhat2
VA <- (1/theta2)”2 * vhatl + (thetal/theta2"2)"2 * vhat2
D1 <- EA - z*sqrt(VA)
Du <- EA + z*sqrt(VA)
return(list (D1=D1,Du=Du))

}

fiellerci <- function(thetal, theta2, vhatl, vhat2, alpha) {
z <- qnorm(1l - alpha/2)
K <- sqrt((-2*thetal*theta2)"2 - 4*(thetal”2-vhatl*z"2)*(theta2"2-vhat2¥*z"2))
Fl <- (2*thetal*theta2 - K) / (2*(theta2"2-vhat2*z"2))
Fu <- (2*thetal*theta2 + K) / (2*(theta2"2-vhat2*z"2))
return(list (F1=F1,Fu=Fu))



ratioci <- function(thetal, theta2, vhatl, vhat2, alpha) {
fy <- function(y, mul, mu2, sigmal, sigma2) {
a <- function(...) sqrt(y“2/sigmal”2 + 1/sigma2"2)
b <- function(...) y*mul/sigmal”2 + mu2/sigma2”2
c <- function(...) exp(b(y)"2/a(y)"2/2 - (mul"2/sigmal”2 + mu2°2/sigma2°2) / 2)
b(y)*c(y)/a(y)"3 * (2*pnorm(b(y)/a(y))-1) / (sqrt(2*pi)*sigmal*sigma2) +
exp(-(mul~2/sigmal”"2 + mu2°2/sigma2°2)/2) / (a(y) 2*pi*sigmal*sigma2)
}
f <- function(y) fy(y, thetal, theta2, sqrt(vhatl), sqrt(vhat2))
objfl <- function(x) (integrate(f, 0, x)$value - alpha/2)"2
objfu <- function(x) (integrate(f, x, +Inf)$value - alpha/2)"2
Rl <- optimize(objfl, c(1, 3))$minimum
Ru <- optimize(objfu, c(1, 3))$minimum
return(list (R1=R1,Ru=Ru))
}

set.seed(758923)
rep <- 10000

# Set simulation parameters
nl <- 20; n2 <- 30

mul <- 9; mu2 <- 5

sigmal <- 1; sigma2 <- 1
ytrue <- 9/5

# Start a simulation

dcr <- 0; fcr <- 0; rcr <- 0

thetal <- rnorm(rep, mul, sigmal/sqrt(nl))

theta2 <- rnorm(rep, mu2, sigma2/sqrt(n2))

vhatl <- rchisq(rep, nl-1) * sigmal“2 / (nl1-1) / nl
vhat2 <- rchisq(rep, n2-1) * sigma2°2 / (n2-1) / n2

d <- deltaci(thetal, theta2, vhatl, vhat2, 0.05)
f <- fiellerci(thetal, theta2, vhatl, vhat2, 0.05)

# Create the progress bar.
pb <- txtProgressBar(min = 1, max = rep, style=3)

for(i in 1:rep) {
r <- ratioci(thetal[i], theta2[i], vhatl[i], vhat2[i], 0.05)
if (ytrue > d$D1[i] && ytrue < d$Du[i]) dcr <- dcr + 1
if (ytrue > f$F1[i] && ytrue < f$Fu[i]) fcr <- fcr + 1
if (ytrue > r$R1 && ytrue < r$Ru) rcr <- rcr + 1
setTxtProgressBar(pb, i)

}

# Close the progress bar.
close (pb)

# coverage

dcr / rep * 100
fcr / rep * 100
rcr / rep * 100

> # coverage

> dcr / rep * 100
[1] 95.13

> fcr / rep * 100
[1] 95.03

> rcr / rep * 100
[1] 95.03
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