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(a)
1 1 EX;_;
M=E [1 Xt_1:| = P dEt(M) = VaI'Xt,l
X EX,., EXZ,

varX; = var(u + ¢X;1 +€) = ¢2varXt_1 + aﬁ

M AR e X, PR, #varX = varX, = i > 0, M ik
(b) 3 ML 51) e FAE A 1 85 2 R 5 At v AR G
1 mu <- 1
phi <- ¢(0.5,0.8,0.99)
X <- tibble ()
s for(i in 1:3){
X[1, il = mu/(1 - phi[il)
for(j in 1:1000){
X[j+1, i] = mu + phi[il*X[j, i] + rnorm(1,0,1)
}
plot(X[[i]], type = "1", xlab = "t",
10 ylab = paste('Xt (phi=', philil,')"'))
u }

spec.pgram(X[[1]],span=100, taper = 0.2)
5 spec.pgram(X[[2]],span=100, taper = 0.1)
s spec.pgram(X[[3]],span=100, taper = 0.2)
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X; — ¢Xi1 = &, A(L)Xi = &, WX, = A (L)), ANL) = 43
HEWEPZTN C(2) = o HHEERRUREBIFIINIERR, M ml Glw) =
\/C(e—iZn(u)C(eiZTLm)
M $x(w) = GH@)S.(w), Se(w) =1, fANFGF

1 1
(1 - pe=2m@)(1 — pe?mv) T1- 2¢ cos(2nw) + P?

Sx(w) =

1 ¢ = 0.5,0.8,0.99 fAN1H

Sx(w)l(¢ =0.5) = 1.25 — cts(2nw)
1

Sx(@l(¢ =08) = - g cos@na)
1

Sx(w)l(¢ =0.99) =

1.9801 — 1.98 cos(2ntw)
(NEV U
1 x <- seq(0,0.5,0.0025)
sl <- vector ()
s2 <- vector ()
+ 83 <- vector()
length (x)
¢ for(i in 1:length(x)) {
s1[i] <- 1/(1.25-cos(2*pix*x[i]))
s s82[i] <- 1/(1.64-1.6%cos(2*pi*x[i]))
9 s3[1] <- 1/(1.9801-1.98%cos (2*pi*x[i]))



0}
1 plot(x,sl,type="1",main="phi=0.5",xlab="w",ylab="Sx")
plot(x,s2,type="1",main="phi=0.8",xlab="w",ylab="8Sx")

5 plot(x,s3,type="1",main="phi=0.99",xlab="w",ylab="8x")
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(o) RIS F:
| betal <- tibble ()
> betal <- tibble()
for(i in 1:3){
. for(k in 1:10){
y <- unlist(X[2:(100*k+1), i])
6 x <- unlist(X[1:(100x*k), il)

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

8 betaO[k, i] = ols[1]

9 betall[k, il = ols[2]

0}

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

» ylab = paste('betal (phi=', phil[il,"')"'))
plot (betal [[i]], type = "1", xlab = "k",
» ylab = paste('betal (phi=', phil[il,')'))
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(d) AASLIT:

1

X1 <- tibble()

for(i in 1:1000){
X1[1, i] = mu/(1
for(j in 1:100){
X1[j+1, il = mu
}

}

# phi = 0.8

X2 <- tibble ()

for(i in 1:1000){
X2[1, i] = mu/(1
for(j in 1:100){
X2[j+1, il = mu
}

}

- phil1])

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

- phil2])

+ phi[2]*X2[j, i] + rnorm(1,0,1)
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# phi = 0.99

X3 <- tibble ()
for(i in 1:1000){
X3[1, il = mu/(1 - phil[3])

for(j in 1:100){

X3[j+1, il
}
}
X <- list(X1,

= mu + phi[3]*X3[j, i] + rnorm(1,0,1)

X2, X3)

beta0 <- tibble()

betal <- tibble()

b0 <- tibble ()

bl <- tibble ()

sd_betal0 <- vector("double",2)

sd_betal <- vector("double",2)

for(i in 1:3){

for(j in 1:1000){

y <- unlist

x <- unlist

(x[fill[2:101, D)
(x[[il][1:100, 1)

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

betaO[j, il
betal[j, il
}

<- ols[1]
<- ols[2]

hist(betaO[[i]]-mu, xlab = paste('betal(phi="',

phi[il, ") "),
phil[il, ') "))

main = paste('Histogram of betaO(phi="',

hist(betal[[i]]-phi[i], xlab = paste('betal(phi="',

phil[il, ") "),
phi[i], ") "))

sd_betaO[i]
sd_betal[il]
}

main = paste('Histogram of betal(phi="',

<- sd(betaO[[il])
<- sd(betal[[i]])



U1
hel

sd_betal

## [1] 0.2108055 0.3540542 4.3524750

sd_betal

## [1] 0.09132497 0.06635243 0.04314966

for(i in 1:3){
print (ggplot ()+ geom_histogram (data=NULL ,
mapping=aes(x=beta0 [[i]],y=..density..))
+ xlab(paste('beta0 (phi=',phil[il,"')"'))
+ geom_function(fun = dnorm ,color="red",
args=list (mean=mu ,sd=sd_beta0O[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=1list (mean=phi[i],sd=sd_betall[il)))

}
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# 32 38 # AT R
mu <- 1
sigma <- 1
T size <- 100
AR1_CM <- function(phi, mu, sigma){
EX <- mu / (1 - phi)
EX2 <- (EX)"2 + 1 / (1 - phi~2)
M <- matrix(c(l, EX, EX, EX2),
ncol = 2)
CM <- solve(M) * (sigma ~2) * (1/T_size)

return (CM)

}

AR1_CM(phi[1], mu = 1, sigma = 1)
# [,1] [,2]

#[1,] 0.040 -0.0150

#[2,] —0.015 0.0075
AR1_CM(phi[2], mu = 1, sigma = 1)
# [,1] [,2]

#[1,] 0.100 -0.0180

#[2,] —0.018 0.0036
AR1_CM(phi[3], mu = 1, sigma = 1)
# [,1] [,2]

#[1,] 2.0000 -0.019900

#[2,] —0.0199 0.000199

sd_theory <- vector(mode = "list", length = 3)

for(i in 1:3){
sd_theory[[i]] <- c(sd_beta0 = sqrt(AR1_CM(phil[i], mu=1,
sigma = 1)[1,1]), sd_betal =sqrt(AR1_CM(phil[il, mu = 1,
sigma = 1)[2,2]))

}

names (sd_theory) <- c("phi=0.5","phi=0.8","phi=0.99")

sd_theory
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$phi=0.5
sd_bata0 sd_betal
0.20000000 0.08660254

$phi=0.8
sd_bata0 sd_betal
0.3162278 0.0600000

$phi=0.99
sd_bata0 sd_betal
1.41421356 0.01410674

H O H HF H H H H H H O H H

# B WL AR R IR
x <- vector("double",101)
for (i in 1:3) {
x[1] <- mu/(1 - phil[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 # RKMz#E%#
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,] 0.04012951 -0.015470419
#[2,] -0.01547042 0.007943503
#sd _betaO sd_betal
#0.20032352 0.08912633
# [,1] [,2]
#[1,] 0.11983710 -0.02330555
#[2,] —0.02330555 0.00494504
#sd _betaO sd_betal



1

2

#0.34617495 0.07032098

# [/1]
#[1,] 2.35308469
#[2,] —0.02525355

[,2]
-0.0252535546
0.0002721805

#sd _beta0 sd_betal
#1.53397676 0.01649789

TR AE R R A AR AE 22 I E
(f) ARSI

# phi = 0.5

X1 <- tibble()

for(i in 1:1000){
X1[1, il = mu/(1
for(j in 1:900){
X1[j+1, il = mu
}

}

# phi = 0.8

X2 <- tibble ()

for(i in 1:1000){
X2[1, il = mu/(1
for(j in 1:900){
X2[j+1, il = mu
}

}

# phi = 0.99

X3 <- tibble()

for(i in 1:1000){
X3[1, il = mu/(1
for(j in 1:900){
X3[j+1, il = mu
}

}

X <- list(X1, X2,

beta0 <- tibble()

betal <- tibble ()

- phi[1])

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

- phi[2])

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

- phi[3]1)

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

X3)

10



b0 <- tibble ()
bl <- tibble()
sd_betal0 <- vector ("double",2)
sd_betal <- vector("double",2)
for(i in 1:3){
for(j in 1:1000){
y <- unlist(X[[i]][2:901, jI)
x <- unlist(X[[i]][1:900, jI1)
ols <- coefficients(lm(y ~ x))
betaO[j, il <- ols[1]
betall[j, i] <- ols[2]
}
hist(betaO[[i]]-mu, xlab = paste('betal (phi=',
phi[i],') ') ,main=paste('Histogram of betal (phi=',
phi[il, ") "))
hist(betal[[i]]-phil[i],xlab=paste('betal (phi=",
phil[il, ') ') ,main=paste('Histogram of betal (phi=',
philil, ") "))
sd_betaO[i] <- sd(betaO[[il])
sd_betal[i] <- sd(betall[[ill)
}
sd_betal
## [1] 0.06656101 0.10590085 0.68341522
sd_betal
## [1] 0.029616538 0.020192899 0.006804025
for(i in 1:3){
print (ggplot ()+geom_histogram(data=NULL ,mapping=

aes(x=betaO[[i]],y=..density..))+xlab(paste('betal

(phi="',phi[i],')'))+geom_function(fun=dnorm,color="red",

args=1list (mean=mu,sd=sd_betaO[i])))
print (ggplot ()+geom_histogram(data=NULL ,mapping=

aes (x=betal[[i]],y=..density..))+xlab(paste('betal

(phi="',phil[i],') '))+geom_function(fun=dnorm,color="red",

args=1list (mean=phi[i],sd=sd_betal[i])))

11
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mu <- 1

N}

sigma <- 1
+ T_size <- 900
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),
s ncol = 2)
o CM <- solve(M) * (sigma ~2) * (1/T_size)

1 return(CM)

oo}
s AR1_CM(phi[1], mu = 1, sigma = 1)
o # [,1] [,2]

s # [1,] 0.004444444 -0.0016666667
6 # [2,] —0.001666667 0.0008333333
7 AR1_CM(phi[2], mu = 1, sigma = 1)
s # [,1] [,2]
w # [1,] 0.01111111 -2e-03
0 # [2,] —=0.00200000 4e-04
o AR1_CM(phi[3], mu = 1, sigma = 1)
n # [,1] [,2]
# [1,] 0.222222222 -2.211111e-03
w # [2,] —0.002211111 2.211111e-05
5 sd_theory <- vector(mode = "list", length = 3)
» for(i inm 1:3){
»  sd_theory[[i]] <- c(sd_betal0 = sqrt(AR1_CM(phil[i]l, mu = 1,
% sigma = 1)[1,1]), sd_betal =sqrt(AR1_CM(phil[il,
» mu = 1,sigma = 1)[2,2]))
0}
51 names (sd_theory) <- c("phi=0.5","phi=0.8","phi=0.99")
» sd_theory
5 # $phi=0.5
s # sd_betaO sd_betal
s # 0.06666667 0.02886751

13
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$phi=0.8
sd_betaO sd_betal
0.1054093 0.0200000

$phi=0.99
sd_betal sd_betal
0.471404521 0.004702245

H OoH O H O H H O H O H H

#AF K BT AR R R
x <- vector("double",901)
for (i in 1:3) {
x[1] <- mu/(1 - phi[il])
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 # KM%
CM<- 1/900*1*solve (M)
print (CM)

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

print (sd_sample)

}
# [,1] [,2]
#[1,] 0.004203435 -0.0015511974
#[2,] —-0.001551197 0.0007781246
#sd _betaO sd_betal
#0.06483391 0.02789488
# [,1] [,2]
#[1,] 0.011050169 -0.0020451716
#[2,] -0.002045172 0.0004208374
#sd _beta0 sd_betal
#0.10511978 0.02051432
# [,1] [,2]
#[1,] 0.239969153 -2.392425e¢-03

14



#[2,] —0.002392425 2.396276¢-05
#sd _betaO sd_betal
#0.489866464 0.004895177

BRI A T AR BRI RE AR e 22 AT R R X I 5B RTY 1/3.
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