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11 A 16 H
1 1 EX;_;
M=E [1 Xt—l] = P dEt(M) = VaI'Xt,l
X EX,., EX2,

varX; = var(y + ¢ X1 + €) = p*varX;_; + 02
2 ARQ) 2 X, P8, i varX,o, = varX; = 5 > 0, M ik

Y(0) = 5, y(K) = y(k = 1) = ¢*y(0) = 2

(o9

Sx(@)= ) ylkje "

k=—c0

M T HEOAN N B R, BIoR AR i X = ¢ X + & HYTERHERAL,

X; — X = e, AL)Xi = &, M X, = A (L)ey, ATNL) = 155
ENRMZ TR C(z) = 4, HMEIVRERFAIRERR, MiEwl Gw)
‘/(:(6—42nw)(:(ei2nw)

W Sx(w) = GHw)Se(w), Se(w) =1, AL,

1 1
(1= pe2mw)(1 = pei2w) 1 —2¢ cos(2mw) + P2

¢ = 05,095 LA, Sx@l(@ = 05) = e, Sx(@)l(¢ = 0.95)

Sx(w) =

(M ZT N

x <- seq(0,0.5,0.0025)
y <= vector()

z <- vector ()

length (x)

for(i in 1:length(x)) {



y[i] <- 1/(140.9572-2%0.95%*cos (2*pi*x[i]))

z[i] <- 1/(1+0.572-2%0.5%cos (2*pi*x[i]))

}

plot(x,z,type="1",main="phi=0.5",xlab="w",ylab="8Sx")

plot(x,y,type="1",main="phi=0.95",xlab="w",ylab="Sx")

phi=0.5

05 10 15 20 25 30 35 40

(c) FRRBANT

1

2

mu <- 1

phi <- ¢(0.5, 0.8,0.97)

X <- tibble ()

for(i in 1:3){

mu/ (1 - phil[il)

for(j in 1:1000){

X[1, i] =

X[j+1,
}

i] =

mu + phi[il=*X[j,

100 200 300 400

0

phi=0.95

i] + rnorm(1,0,1)

plot (X[[i]], type = "1", xlab = "t",

ylab =
b

spec.pgram(X[[1]] ,kernel ("daniell", c(5,7)), taper
spec.pgram(X[[2]] ,kernel("daniell", c(5,7)), taper
spec.pgram(X[[3]] ,kernel ("daniell", c(5,7)), taper

paste ('Xt (phi=', phil[il,')"))

0.2)

0.1)
0.2)

Series: X[[1]]
‘Smoothed Periodogram

Series: X[[2]]
‘Smoothed Periodogram

Series: X[[3]]
‘Smoothed Periodogram

mmmmmm



(d) fRESanR:
betald <- tibble ()

2

beta0 (phi= 0.5)

0.8)

betaO (phi

beta0 (phi= 0.97 )

betal <- tibble ()

for(i in 1:3){

for(k in 1:20){

}

y <- unlist(X[2:(50xk+1), i])
X <- unlist(X[1:(50*k), il)
ols <- coefficients(lm(y ~ x))
betaO[k, i] = ols[1]

betall[k, i] = ols[2]

plot (betaO[[i]], type = "1", xlab = "k",

ylab = paste('betald (phi=', phi[il,"')'))

plot(betal [[i]], type = "1",

xlab = "k",

ylab = paste('betal (phi=', philil,')"))
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(e) FABANTF:
. # phi = 0.5
> X1 <- tibble ()
for(i in 1:500){
s X1[1, il = mu/(1 - phil1])
for(j in 1:100){
6 X1[j+1, i] = mu + phi[1]*X1[j, i] + rnorm(1,0,1)
7}
s}
o # phi = 0.8
0 X2 <- tibble()
n for(i in 1:500){
> X2[1, il = mu/(1 - phil[2])
5 for(j in 1:100){
11 X2[j+1, i] = mu + phi[2]*X2[j, i] + rnorm(1,0,1)
5}
6}
7 # phi = 0.97
s X3 <- tibble()
v for(i in 1:500){
o X3[1, il = mu/(1 - phil[3])
2 for(j in 1:100){
» X3[j+1, il = mu + phi[3]1*X3[j, il + rnorm(1,0,1)
s}
x }
» X <- list(X1, X2, X3)

» betald <- tibble()

» betal <- tibble()

» b0 <- tibble()

0 bl <- tibble ()

;31 sd_beta0 <- vector("double",2)

» sd_betal <- vector("double",2)
for(i in 1:3){

w  for(j in 1:500){



y <- unlist(X[[i11[2:101, j1)

x <- unlist(X[[il][1:100, j1)

ols <- coefficients(lm(y ~ x))

betaO[j, 1] <- ols[1]

betal[j, 1] <- ols[2]

}

hist(betaO[[i]]-mu, xlab = paste('betalO (phi=',
phil[il, ') '), main = paste('Histogram of betal (phi=',
philil, ") "))

hist(betal [[i]]-phi[i], xlab = paste('betal (phi=',
phil[il,"') '), main = paste('Histogram of betal (phi=',
phil[il, ') "))

sd_betaO[i] <- sd(beta0O[[i]])
sd_betal[i] <- sd(betall[[ill])

}

sd_betal

## [1] 0.2062898 0.3737770 1.6189055

sd_betal

## [1] 0.09120952 0.06972700 0.04852232

for(i in 1:3){
print (ggplot ()+geom_histogram(data=NULL ,mapping=aes (x=
betaO[[i]],y=..density..))+xlab(paste('betald (phi="',
phil[il, ') '))+geom_function(fun = dnorm,color="red",args=
list (mean=mu,sd=sd_betaO[i])))
print (ggplot ()+geom_histogram(data=NULL ,mapping=aes (x=
betal [[i]],y=..density..))+xlab(paste('betal (phi="',
phil[il, ') '))+geom_function(fun = dnorm,color="red",args=

list (mean=phi[i],sd=sd_betall[il])))
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M I 1IN, REAR AT 8 1L S AT
(f) AT
# IR R UL AR R R

mu <- 1
5 sigma <- 1
. T size <- 100

AR1_CM <- function(phi, mu, sigma){
¢ EX <- mu / (1 - phi)

EX2 <- (EX)"2 + 1 / (1 - phi~2)

s M <- matrix(c(1, EX, EX, EX2),
9 ncol = 2)
w CM <- solve(M) * (sigma ~2) * (1/T_size)

11 return (CM)

2}
i+ AR1_CM(phi[1], mu = 1, sigma = 1)
5 # [,1] [,2]
w #[1,] 0.040 -0.0150
7 #[2,] -0.015 0.0075
s AR1_CM(phi[2], mu = 1, sigma = 1)
v # [,1] [,2]
o #[1,] 0.100 -0.0180
x #[2,] -0.018 0.0036
» AR1_CM(phi[3], mu = 1, sigma = 1)
xn # [,1] [,2]
u #[1,] 0.6666667 —0.019700
#[2,] -0.0197000 0.000591
% sd_theory <- vector(mode = "list", length = 3)

for(i in 1:3){
»  sd_theory[[i]] <- c(sd_betald = sqrt(AR1_CM(phil[il], mu = 1,
2 sigma = 1)[1,1]), sd_betal =sqrt(AR1_CM(phil[i],
30 mu = 1, sigma = 1)[2,2]))
S
» names (sd_theory) <- c("phi=0.5","phi=0.8","phi=0.97")

sd_theory
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#
X

f

H H HF H H O H O H O H

$phi=0.5
sd_bata0 sd_betal
0.20000000 0.08660254

$phi=0.8
sd_bata0 sd_betal
0.3162278 0.0600000

$phi=0.97
sd_bata0 sd_betal
0.81649658 0.02431049

R #7147 R IR

<- vector("double",101)
or (i in 1:3) {
x[1] <- mu/(1 - phi[il])
for (j in 1:100) {

x[j+1] <- mu + phi[il*x[j] + rnorm(1,0,1)
}
X <- cbind(rep(1,100), x[2:101])
M <- t(X) %*% X / 100 # RKMIEH
CM<- 1/100*1*solve (M)
print (CM)
sd_sample<-c(sd_betalO=sqrt(CM[1,1]),sd_betal=sqrt(CM[2,2]))

print (sd_sample)

[,1] [,2]
[1,] 0.03842015 -0.01443181
[2,] -0.01443181 0.00732850
sd_betal sd_betal
0.19601058 0.08560666

[,1] [,2]
[1,] 0.12753886 -0.021741240
[2,] -0.02174124 0.004021492



[,1]
[1,] 0.41697764
[2,] —-0.01274473

H H H H H H H

sd_betal sd_betal
0.35712583 0.06341523

[,2]
-0.012744725
0.000399108

sd_betal sd_betal
0.64573806 0.01997769

Wt bR e A RE AR E 22 (EL
(g) fURBANTE :

# phi = 0.5

X1 <- tibble()

for(i in 1:500){
X1[1, i] = mu/(1
for(j in 1:900){
X1[j+1, il = mu
}

}

# phi = 0.8

X2 <- tibble()

for(i in 1:500){
X2[1, i] = mu/(1
for(j in 1:900){
X2[j+1, il = mu
}

}

# phi = 0.97

X3 <- tibble()

for(i in 1:500){
X3[1, i] = mu/(1
for(j in 1:900){
X3[j+1, il = mu
}

}

X <- list(X1, X2,

betal0 <- tibble ()

- phi[1]1)

+ phi[1]1*X1[j, il + rnorm(1,0,1)

- phi[2])

+ phi[2]*X2[j, i] + rnorm(1,0,1)

- phi[3])

+ phi[3]1*X3[j, il + rnorm(1,0,1)

X3)



betal <- tibble ()
b0 <- tibble ()
bl <- tibble ()
sd_betal0 <- vector("double",2)
sd_betal <- vector("double",2)
for(i in 1:3){
for(j in 1:500){
y <- unlist(X[[il1[2:901, j1)
x <- unlist(X[[i]l][1:900, j1)
ols <- coefficients(lm(y ~ x))
betaO[j, i] <- ols[1]
betall[j, 1] <- ols[2]
}
hist(betaO[[i]]-mu, xlab = paste('betald (phi=', philil,')'),
main = paste('Histogram of betaO (phi=', phil[il,')"))
hist(betal[[i]]1-phil[i]l, xlab = paste('betal (phi="',
phi[il,"') '), main = paste('Histogram of betal (phi=',
phi[il, ") "))
sd_betaO[i] <- sd(betaO[[il])
sd_betal[i] <- sd(betall[[ill)
}
sd_betal
## [1] 0.06672679 0.10226909 0.31583850
sd_betal
## [1] 0.028816909 0.019713237 0.009370077
for(i in 1:3){
print (ggplot ()+geom_histogram(data=NULL ,mapping=aes (x=
betaO[[i]],y=..density..))+xlab(paste('betald (phi="',
phi[il,')'))+geom_function(fun = dnorm,color="red",args=
list (mean=mu,sd=sd_betaO[i])))
print (ggplot ()+geom_histogram(data=NULL ,mapping=aes (x=
betal [[i]],y=..density..))+xlab(paste('betal (phi="',
phi[il,')'))+geom_function(fun = dnorm,color="red",args=

list (mean=phi[i],sd=sd_betall[i])))

10
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15
beta0 (phi= 0.97 )

# 32 35 A7 UL AR R IR
mu <- 1
sigma <- 1

T_size <- 900

AR1 CM <- function(phi, mu, sigma){

EX <- mu / (1 - phi)

EX2 <- (EX)"2 + 1 / (1 - phi~2)
M <- matrix(c(1, EX, EX, EX2),
ncol = 2)

096
beta1 (phi= 0.97 )

CM <- solve(M) * (sigma ~2) * (1/T_size)

return (CM)
}
AR1_CM(phi[1], mu = 1, sigma = 1)
# [,1] [,2]
# [1,] 0.004444444 -0.0016666667
# [2,] -0.001666667 0.0008333333
AR1_CM(phi[2], mu = 1, sigma = 1)
# [,1] [,2]
# [1,] 0.01111111 -2e-03
# [2,] -0.00200000 4e-04
AR1_CM(phi[3], mu = 1, sigma = 1)

# [,1] [,2]
# [1,] 0.074074074 -2.188889e-03
# [2,] —-0.002188889 6.566667e—05
sd_theory <- vector(mode = "list"

for(i in 1:3){

sd_theory[[i]] <- c(sd_betal = sqrt(AR1_CM(phil[i], mu
sigma = 1)[1,1]), sd_betal =sqrt(AR1_CM(phi[i], mu

12

>

length

3)

1,

1,



sigma = 1)[2,2]1))
}

names (sd_theory) <- c("phi=0.5","phi=0.8","phi=0.97")

sd_theory
$phi=0.5
sd_betal sd_betal
0.06666667 0.02886751

#

#

#

#

# $phi=0.8

# sd_betaO sd_betal
# 0.1054093 0.0200000
#
#
#
#

$phi=0.97
sd_betal sd_betal
0.272165527 0.008103497

#AF R BT UL AR R R
x <- vector("double",901)
for (i imn 1:3) A
x[1] <- mu/(1 - philil)
for (j in 1:900) {
x[j+1] <- mu + phi[il#*x[j] + rnorm(1,0,1)
}
X <- cbind(rep(1,900), x[2:901])
M <- t(X) %*% X / 900 # RMIEH
CM<- 1/900%*1*solve (M)
print (CM)

sd_sample<-c(sd_betal=sqrt (CM[1,1]),sd_betal=sqrt(CM[2,2]))

print (sd_sample)

[,1] [,2]
[1,] 0.004363026 -0.0017251069
[2,] -0.001725107 0.0009151513
sd_betal sd_betal
0.06605320 0.03025147

H* O H O HF OH H

13



#
#
#
#
#
#
#
#
#
#

BEIHA T 2R R AR AR T 22 M AR HE BRI AR S AT 1/3.

[,1] [,2]
[1,] 0.010068250 -0.0018359279
[2,] -0.001835928 0.0003763067
sd_betal sd_betal
0.10034067 0.01939863

[,1] [,2]
[1,] 0.078249275 -0.0022643978
[2,] —-0.002264398 0.0000664716
sd_betal sd_betal
0.279730719 0.008153012
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