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Theory 2 Homework 5 R Output

Carson Slater

1(b)

n <- c(1, 4, 16, 64, 100)

mu <- seq(-3, 3, length = 100)
mu_ 0 <- 0

sigma <- 1

K <-0

beta <- list()

# colors
cols <- viridis::viridis(5)

# power function varying by sample size
for (i in 1:5) betal[[i]] <- pnorm(-(mu_O0 + K - mu)/((sigma/sqrt(n[il))))

# plot
plot(mu, betal[1]], type = "1", lwd = 2, col = cols[1],
main = latex2exp::TeX(r'(Comparison of Five Power Functions)'),
xlab = latex2exp::TeX(r'(\mu)'),
ylab = latex2exp: :TeX(r'(\beta(\theta))'))
for (i in 2:5) lines(mu, betal[[i]l], col = cols[i], 1lwd = 2)
abline(h = 0.05, col = "red")
mtext (latex2exp: :TeX(r' (\alpha = 0.05)'), side = 2,
line = 0.5, col = "red", at = c(0.05))
legend("topleft", c("n = 1",

n=4",
"n = 16",
"n = 64",
"n = 100"),
col = cols,
lwd = c(2, 2, 2, 2, 2),



bty = np" s

cex = 1.2)
Comparison of Five Power Functions
o — n=1
S| — n=4
5 1 — n=16
< —_
=S n =64
0 _| n=100
o
&
Cs 1 | | | | |
-3 -2 -1 0 1 2
w
2(b)

xbar <- seq(-2, 2, length.out = 100)
sigma_sq <- 1

theta 0 <- -0.2

n <- 10

1rt <- function(xbar, theta_0, sigma_sq, n) {
output <- exp(-n*(xbar - theta_0)"2/(2+sigma_sq))
for (i in seq_along(xbar)) {
if (xbar[i] >= theta_0) output[i] <- 1
}
output
}

1rt <- lrt(xbar, theta O = -0.2, sigma_sq = 1, n = 10)
lam <- exp(-n*(xbar - theta_0) 2/(2*sigma_sq))

plot(xbar, 1lrt, type = "1", col = "black",



xlab = latex2exp::TeX(r'(\bar{x})'),
ylab = "Likelihood Ratio Test Statistic",
c(-2, 2),
main = latex2exp::TeX(r'(Likelihood Ratio Test Statistic ($\theta_0$ = -0.2))"'),
cex.main = 1.3)
title(sub = "Sample Size = 10")
abline(h = 0.2, col = "red")
legend("topleft", c("Likelihood Ratio Test Statistic",
"¢ = 0.2"),
col = c("black", "red"),
lwd = c(2, 2),
1ty = c(1, 1),
bty = "n",
cex = 0.75)

x1lim

Likelihood Ratio Test Statistic (6, = —0.2)

— Likelihood Ratio Test Stafistic
— ¢=0.2

0.4

Likelihood Ratio Test Statistic

-2 -1 0 1 2
X
Sample Size =10

2(d)

n <- c(1, 4, 16, 64, 100)

mu <- seq(-3, 3, length = 100)
mu_ 0 <- 0

sigma <- 1

K <- 0.5 # K is now 0.5



beta <- list()

# colors
cols <- viridis::viridis(5)

# power function varying by sample size
for (i in 1:5) betal[[il] <- pnorm((mu_0 - K - mu)/((sigma/sqrt(n[i])))) + 1 - pnorm((mu_0 + I

# plot
plot(mu, betal[[1]], type = "1", lwd = 2, col = cols[1],
main = latex2exp::TeX(r'(Comparison of Five Power Functiomns)'),
xlab = latex2exp::TeX(r' (\muw)'),
ylab = latex2exp::TeX(r'(\beta(\theta))'),
ylim = c(0,1))
for (i in 2:5) lines(mu, betal[[il], col = cols[i], lwd = 2)
legend ("bottomright", c("n = 1",

" o= 4n,

"n o= 16",
"n = g4" ,
"n = 100||) s

col = cols,

lwd = c(2, 2, 2, 2, 2),
bty = nnu’
cex = 1.2)

Comparison of Five Power Functions

TN

0.8




3(b)

<- 10

<- 1:10

<- sapply(w, \(w) (51/49)~(2%w - m))

since W is Binomial

P(X in R | Theta = 0.49)

prob <- pbinom(w, size = m, 0.49, lower.tail = FALSE)

# # N = B

cols <- c("W", "k", "Probability Sum Y's is In R")

cbind(w, k, prob) |> as.data.frame() |> knitr::kable(col.names = cols)

W k Probability Sum Y’sis In R
1 0.7261180 0.9873722
2 0.7866027 0.9379222
3 0.8521256 0.8112268
4 0.9231065 0.5982047
5 1.0000000 0.3526028
6 1.0832986 0.1559607
7 1.1735359 0.0480003
8 1.2712898 0.0091028
9 1.3771865 0.0007979

10 1.4919043 0.0000000

R1 <- function(p) ifelse(p <= 1/3, pbinom(l, 5, p), 1 - pbinom(1l, 5, p))
R2 <- function(p) ifelse(p <= 1/3, pbinom(4, 5, p, lower.tail = FALSE), 1 - pbinom(4, 5, p,

p <- seq(0, 1, length.out = 101)
rl <- R1(p)
r2 <- R2(p)

ggplot() +
geom_line(aes(p, rl), color = "red") +
geom_line(aes(p, r2), color = "blue") +
geom_vline(xintercept = 1/3,



color = "black", size=1) +
labs(title = "Risk Functions for Different Tests",
y = "Risk") +
coord_equal()

Risk Functions for Different Tests

1.00

0.75

Risk
[«
3

0.25

000 —m8M

0.00 0.25 0.50 0.75 1.00
P

The risk for test 1 is the red line. The risk for test 2 is the blue line. The black line was added
atl)::%.


















