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Theory 2 Homework 8

Question 5 (b)

asymp.bin.lrt <- function(n = 10, pO = 0.5, reps = 5000, seed = 0) {
percs <- c(0.25, 0.50, 0.75, 0.95, 0.99)
if(seed > 0) set.seed(seed)
X <- matrix(rbinom(n = n*reps, size = 1, prob = p0),
nrow = reps, ncol = n)
phat <- rowMeans(X)
rat <- (pO/phat)” (n*phat)
ratom <- ((1 - p0)/(1 - phat)) (n*(1 - phat))
LRT <- -2xlog(rat*ratom)
min.x <- min(LRT)
max.x <- max(LRT)
X <- seq(from = 0.35, to = max.x, length.out = 501)
y <- dchisq(x, df = 1)
max.y <- max(hist(LRT, plot = FALSE)$density, y)
par (mfrow = c(1, 2), pch = 20, cex = 0.85)
q.x <= ((1:(n+1)) - 0.5)/n
hist (LRT, prob = T,
xlim = c(min.x, max.x), ylim = c(0, max.y),
xlab = expression(-2*log(lambda(hat(p)))),
ylab = "Density",

main = expression(paste("Histogram of", -2*log(lambda(x)))),
col = "navy")

mtext (bquote(n == .(n)), line = 0.75, cex = 0.7)

mtext (bquote(p[0] == .(p0)), line = 0, cex = 0.7)

lines(x, y, col = "orange")

box ()

q.x <- ppoints(reps)
qgqplot (LRT, qchisq(q.x, df = 1),
xlab = expression(-2#*log(lambda(hat(p)))),



ylab = expression(chi[1]72), main = "Q-Q Plot",
col = "navy")
gqline (LRT, distribution = function(q.x) qchisq(q.x, df = 1),
col = "orange", lwd = 0.5)
mtext (bquote(n == .(n)), line = 0.75, cex = 0.7)
mtext (bquote(p[0] == .(p0)), line = 0, cex = 0.7)
emp.percs <- quantile(LRT, probs = percs, names = TRUE)
return(list(Empirical.quantiles = emp.percs,
Chi.square.quantiles = qchisq(percs, 1)))



For p, = 0.25

seed <- 12345
ns <- c(10, 30, 50, 100, 500)
lapply(ns, \(n) {
data.frame(asymp.bin.lrt(n = n, p0 = 0.25,
"n" = n)
}) |> knitr::kable(digits = 3)

seed = seed),
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Empirical.quantiles | Chi.square.quantiles | n
25% 0.140 0.102 | 10
50% 0.140 0.455 | 10
5% 1.449 1.323 | 10
95% 5.754 3.841 | 10
99% 5.754 6.635 | 10
Empirical.quantiles | Chi.square.quantiles | n
25% 0.045 0.102 | 30
50% 0.420 0.455 | 30
75% 1.213 1.323 | 30
95% 4.348 3.841 | 30
99% 6.960 6.635 | 30
Empirical.quantiles | Chi.square.quantiles | n
25% 0.027 0.102 | 50
50% 0.640 0.455 | 50
5% 1.404 1.323 | 50
95% 4.109 3.841 | 50
99% 6.881 6.635 | 50
FEmpirical.quantiles | Chi.square.quantiles n
25% 0.054 0.102 | 100
50% 0.468 0.455 | 100
75% 1.400 1.323 | 100
95% 3.712 3.841 | 100
99% 5.953 6.635 | 100
Empirical.quantiles | Chi.square.quantiles n
25% 0.097 0.102 | 500
50% 0.516 0.455 | 500
5% 1.317 1.323 | 500
95% 3.993 3.841 | 500
99% 6.439 6.635 | 500




For p, = 0.5

lapply(ns, \(m) {
frame(asymp.bin.lrt(n = n, p0 = 0.5, seed = seed),
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Empirical.quantiles | Chi.square.quantiles | n
25% 0.403 0.102 | 10
50% 0.403 0.455 | 10
5% 1.646 1.323 | 10
95% 3.855 3.841 | 10
99% 7.361 6.635 | 10
Empirical.quantiles | Chi.square.quantiles | n
25% 0.133 0.102 | 30
50% 0.535 0.455 | 30
75% 1.208 1.323 | 30
95% 3.398 3.841 | 30
99% 6.794 6.635 | 30
Empirical.quantiles | Chi.square.quantiles | n
25% 0.080 0.102 | 50
50% 0.320 0.455 | 50
5% 1.286 1.323 | 50
95% 3.973 3.841 | 50
99% 6.628 6.635 | 50
FEmpirical.quantiles | Chi.square.quantiles n
25% 0.160 0.102 | 100
50% 0.360 0.455 | 100
75% 1.443 1.323 | 100
95% 4.027 3.841 | 100
99% 6.838 6.635 | 100
Empirical.quantiles | Chi.square.quantiles n
25% 0.128 0.102 | 500
50% 0.512 0.455 | 500
5% 1.353 1.323 | 500
95% 3.877 3.841 | 500
99% 6.743 6.635 | 500
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For p, = 0.9

lapply(ns, \(m) {
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Empirical.quantiles | Chi.square.quantiles | n
25% 0.000 0.102 | 10
50% 0.888 0.455 | 10
5% 2.107 1.323 | 10
95% 3.073 3.841 | 10
99% 6.225 6.635 | 10
Empirical.quantiles | Chi.square.quantiles | n
25% 0.339 0.102 | 30
50% 0.415 0.455 | 30
75% 1.947 1.323 | 30
95% 6.322 3.841 | 30
99% 6.322 6.635 | 30
Empirical.quantiles | Chi.square.quantiles | n
25% 0.210 0.102 | 50
50% 0.237 0.455 | 50
5% 1.023 1.323 | 50
95% 4.440 3.841 | 50
99% 8.161 6.635 | 50
FEmpirical.quantiles | Chi.square.quantiles n
25% 0.108 0.102 | 100
50% 0.474 0.455 | 100
75% 1.105 1.323 | 100
95% 3.449 3.841 | 100
99% 7.307 6.635 | 100
Empirical.quantiles | Chi.square.quantiles n
25% 0.090 0.102 | 500
50% 0.540 0.455 | 500
5% 1.360 1.323 | 500
95% 4.038 3.841 | 500
99% 6.548 6.635 | 500
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