b g (5 Hbl Slwloes

Gl Blesal 5 gilaacd 0g andr
39 aLs JKasls

VFAY oLl Yy

b2 Ul sl



filwans | >

1l eSO s ol W g a5k
Sl (galadl llas (aS SG Wile) edamy ptmnee S L5 @
(o8 5 S G a8 b (655l

L LT ) SO sVl gla Sy olulis @

(Pl ) psbasl w5 ot (5Ll sy G gl Shos olulis @
Sl Jds S sys 23l @

LSS S dasloes @

. @

Gobl bl 53 8 e (giluands S s,y s 0,8 51 e 4 and> ool 5o
rﬁj\)ﬁ@

b2 Ul sl



Solbwad (b i

Sl B SG o pedl il oSBT = ¥/ FAOAYFOTO.. Hlis 5558 53 LS 155
HGW| ojﬁ\b Colas )‘ ool ade UZ" vijaf»

length = 1

-

N length =1

r=1

Area of whole circle &

PR



Sl Ak i o B
1S e Gt 25 S lal 53 0T 0903 (@, ) Lole Slaball o 0 )3 1y el oy S

w‘—i—y‘ﬁ\.

length = 1

-

fength =1

PR



T 2

estimate of © = 3.146

o
n <- 50000
x <- runif(n, -1, 1) 24
y <= runif(n, -1, 1)
isInCircle <- (x72 + y™2 <= 1)
est <- 4 * sum(isInCircle) / n
- o

plot(x, y, type = "n") ©
points(x[isInCircle], yl[isInCirclel],
col = "red", pch = ".")
points(x[!isInCircle], y[!isInCirclel, o
col = "black", pch = ".") t‘T" q
title(substitute(paste("estimate of ", pi,
"= " x), list(x = est)))
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count = 0

for (i in 1:1076) {
bdays = sample(1:365, 6, replace = T)
if (length(unique(bdays)) < 6)

count = count + 1

}

> count

[1] 40754

> p = count/(1076)

> P

[1] 0.040754
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p = rep(0, 10000) g ©
for (i in 1:10000) { 8 27
bdays = sample(1:365, 6, replace = T) =
if (length(unique(bdays)) < 6) 3 o
plil = 1 3 S
; :
# E ¥ X e
plot (cumsum(p) /c(1:10000), type = "1") 3 3
abline(h = 0.04046248, col = "red")
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count2 = 0
for (i in 1:1076) {
bdays2 = sample(1:365, 8, replace = T)
if (length(unique(bdays2)) == 7)
count2 = count2 + 1

p2 = count2/(1076)
> p2
[1] 0.072501
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count2 = 0
for (i in 1:1076) {
bdays2 = sample(1:365, 8, replace = T)
if (length(unique(bdays2)) == 7)
count2 = count2 + 1

p2 = count2/(1076)
> p2
[1] 0.072501
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count3 = 0

for (i in 1:1076) {
bdays3 = sample(1:365, 8, replace = T)
bdays3 = sort(bdays3)
if (min(bdays3[2:8] - bdays3[1:7]) == 1)

count3 = count3 + 1

}

count3

[1] 134238

p3 = count3/(1076)

p3

[1] 0.134238
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m <- 1000
g <- numeric(m)
for (i in 1:m) {
X <- rnorm(2)
gli]l <- abs(x[1] - x[2])
}

est <- mean(g)

> est

[1] 1.130063

> sqrt(sum((g-mean(g))~2))/m
[1] 0.02741058

SEIX) = Xy| = o2 &V VYAYY Jl ol 53 s 0L o e
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n <- 20
m <- 1000
tmean <- numeric(m)
for (i in 1:m) {
x <= sort(rnorm(n))
tmean[i] <- sum(x[2:(n-1)]1) / (n-2)
}
mse <- mean(tmean~2)
> mse
[1] 0.05571728
> sqrt(sum((tmean - mean(tmean))~2)) / m #se
[1] 0.00745855
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n <- 20
m <- 1000
tmean <- numeric(m)
for (i in 1:m) {
x <- sort(rnorm(n))
tmean[i] <- median(x)
}
mse <- mean(tmean”2)
> mse
[1] 0.07431353
> sqrt(sum((tmean - mean(tmean))~2)) / m #se
[1] 0.008613994
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set.seed(522)
n <- 20
K <-n/2 -1
m <- 1000
mse <- matrix(0, n/2, 6)
trimmed.mse <- function(n, m, k, p) {
# MC est of mse for k-level trimmed mean of contaminated normal pN(0,1) + (1-p)N(0,100)
tmean <- numeric(m)
for (i in 1:m) {
sigma <- sample(c(1l, 10), size = n,
replace = TRUE, prob = c(p, 1-p))
x <- sort(rnorm(n, 0, sigma))
tmean[i] <- sum(x[(k+1):(n-k)1) / (n-2%k)
}
mse.est <- mean(tmean~2)
se.mse <- sqrt(mean((tmean-mean(tmean))~2)) / sqrt(m)
return(c(mse.est, se.mse))

for (k in 0:K) {
mse[k+1, 1:2] <- trimmed.mse(n=n, m=m, k=k, p=1.0)
mse[k+1, 3:4] <- trimmed.mse(n=n, m=m, k=k, p=.95)
mse[k+1, 5:6] <- trimmed.mse(n=n, m=m, k=k, p=.9)

}
> n*mse
[,11 [,21 [,31 [.41 [.51 [,61
[1,] 0.9758575 0.1396680 6.229283 0.3528182 11.484562 0.4792567
[2,] 1.0194569 0.1425744 1.954048 0.1976301 4.125681 0.2871660
[3,] 1.0091575 0.1420550 1.304154 0.1614779 1.956211 0.1975056
[4,] 1.0806823 0.1470113 1.168253 0.1528290 1.577817 0.1776404
[5,]1 1.0478085 0.1446125 1.279664 0.1599728 1.452725 0.1700661
[6,] 1.1028720 0.1485146 1.395142 0.1670407 1.422924 0.1686735
[7,]1 1.3157601 0.1621938 1.348891 0.1642456 1.574427 0.1773341
[8,]1 1.3767837 0.1659384 1.503163 0.1733524 1.734379 0.1862460
[9,] 1.3815624 0.1662126 1.525009 0.1746251 1.693839 0.1840468
[10,] 1.4907734 0.1720630 1.646402 0.1814599 1.843068 0.1916661
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n <- 20

alpha <- .05

x <- rnorm(n, mean=0, sd=2)

UCL <- (n-1) * var(x) / qchisq(alpha, df=n-1)
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n <- 20
alpha <- .05
UCL <- replicate(1000, expr = {
x <- rnorm(n, mean = 0, sd = 2)
(n-1) * var(x) / qchisq(alpha, df = n-1)
)
# compute the mean to get the confidence level
> mean(UCL > 4)
[1] 0.95
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n <- 20

alpha <- .05

UCL <- replicate(1000, expr = {
x <- rchisq(n, df = 2)
(n-1) * var(x) / gqchisq(alpha, df = n-1)
1)

> mean(UCL > 4)

[1] o.777
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n <- 20
alpha <- .05
mu0 <- 500
sigma <- 100
m <- 10000 # number of replicates
p <- numeric(m) # storage for p-values
for (j in 1:m) {
X <= rnorm(n, mu0O, sigma)
ttest <- t.test(x, alternative = "greater", mu = mu0)
plj]l <- ttest$p.value
}
p.-hat <- mean(p < alpha)
se.hat <- sqrt(p.hat * (1 - p.hat) / m)
> print(c(p.hat, se.hat))
[1] 0.055700000 0.002293415
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n <- c(10, 20, 30, 50, 100, 500) #sample sizes

cv <- gnorm(.975, 0, sqrt(6/mn)) #crit. values for each n

>n

[1] 10 20 30 50 100 500

> cv

[1] 1.5181816 1.0735165 0.8765225 0.6789514 0.4800912 0.2147033
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sk <- function(x) {
# computes the sample skewness coeff.
xbar <- mean(x)
m3 <- mean((x - xbar)~3)
m2 <- mean((x - xbar)~2)
return( m3 / m271.5 )

}
##H#
p.reject <- numeric(length(n)) #to store sim. results
m <- 10000
for (i in 1:length(n)) {
sktests <- numeric(m) #test decisions
for (j in 1:m) {
x <- rnorm(n[il)
# test decision is 1 (reject) or 0
sktests[j] <- as.integer(abs(sk(x)) >= cv[il )
p.reject[i] <- mean(sktests) # proportion rejected
> p.reject

[1] 0.0141 0.0287 0.0358 0.0382 0.0406 0.0477
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15,5 eslimal oLl 535 Wbl 31 b S S glad ye5 1

f(n—Y)

Var(by) = CEDCEk

cv <= gnorm(.975, 0, sqrt(6*(n-2)/((n+1)*(n+3))))
> round(cv, 4)

[1] 1.1355 0.9268 0.7943 0.6398 0.4660 0.2134

>n
[1] 10 20 30 50 100 500
> p.reject

[1] 0.0540 0.0548 0.0504 0.0495 0.0491 0.0535
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n <- 20
m <- 1000
mu0 <- 500
sigma <- 100
mu <- c(seq(450, 650, 10)) # alternatives
M <- length(mu)
power <- numeric(M)
for (i in 1:M) {
mul <- muli]
pvalues <- replicate(m, expr = {
# simulate under alternative mul
x <- rnorm(n, mean = mul, sd = sigma)
ttest <- t.test(x,
alternative = "greater", mu = mu0)
ttest$p.value 1} )
power[i] <- mean(pvalues <= .05)
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par(ask = TRUE)

library(Hmisc) #for errbar
plot(mu, power, xlab = bquote(mu))
abline(v = mu0, lty = 1)

abline(h = .05, 1ty = 1)

lines(mu, power, 1lty=3)

# add standard errors

se <- sqrt(power * (l-power) / m)
errbar(mu, power, yplus = power+se, yminus = power-se,
xlab = bquote(theta))

lines(mu, power, 1lty=3)
detach(package:Hmisc)

par(ask = FALSE)
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alpha <- .1

n <- 30

m <- 5000

p <- c(seq(0, .15, .01), seq(.15, 1, .05))

N <- length(p)

pwr <- numeric(N)

# critical value for the skewness test

cv <- gnorm(1l-alpha/2, 0, sqrt(6x(n-2) / ((n+1)*(n+3))))

b2 Ul sl



for (j in 1:N) { # for each p

e <- pljl
sktests <- numeric(m)
for (i in 1:m) { # for each replicate

sigma <- sample(c(1l, 10), replace = TRUE,
size = n, prob = c(l-e, e))
x <- rnorm(n, O, sigma)
sktests[i] <- as.integer(abs(sk(x)) >= cv)
}
pwrl[j] <- mean(sktests)
}
# plot power vs p
plot(p, pwr, type = "b",
xlab = bquote(p), ylim = c(0,1))
abline(h = .1, 1ty = 3)
se <- sqrt(pwr * (1-pwr) / m) # add standard errors
lines(p, pwr+se, lty = 3)
lines(p, pwr-se, lty = 3)
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library(energy)
alpha <- .1
n <- 30; m <- 500 # try small m for a trial run
testl <- test2 <- test3 <- numeric(m)
# critical value for the skewness test
cv <- gnorm(l-alpha/2, 0, sqrt(6*(n-2) / ((n+1)*(n+3))))
sim <- matrix(0, 11, 4)
# estimate power
for (i in 0:10) {
p<-ix.1
for (j in 1:m) {
e <-p
sigma <- sample(c(1, 10), replace = TRUE,
size = n, prob = c(l-e, e))
x <- rnorm(n, O, sigma)
test1[j] <- as.integer(abs(sk(x)) >= cv)
test2[j] <- as.integer(
shapiro.test(x)$p.value <= alpha)
test3[j] <- as.integer(
mvnorm.etest(x, R=200)$p.value <= alpha)
}
print(c(p, mean(testl), mean(test2), mean(test3)))
sim[i+1, ] <- c(p, mean(testl), mean(test2), mean(test3))

¥

[1] 0.000 0.080 0.108 0.112
[1] 0.100 0.838 0.892 0.874
[1] 0.200 0.784 0.994 0.994
[1] 0.300 0.668 0.992 0.996
[1] 0.400 0.592 0.982 0.998
[1] 0.500 0.424 0.916 0.984
[1] 0.600 0.338 0.750 0.888
[1] 0.700 0.252 0.510 0.684
[1] 0.800 0.202 0.266 0.384
[1] 0.900 0.130 0.134 0.162
[1] 1. 0.084 0. 0.098




# plot the empirical estimates of power
plot(sim[,1], sim[,2], ylim = c(0, 1), type = "1",
xlab = bquote(p), ylab = "power")

lines(sim[,1], sim[,3], 1ty = 2)

lines(sim[,1], sim[,4], 1ty = 4)

abline(h = alpha, 1ty = 3)

legend("topright", 1, c("skewness", "S-W", "energy"),
1ty = c(1,2,4), inset = .02)
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