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1 mu <- 1

phi <- c(1.2 ,1.3 ,1.8)

psi <- ¢(-0.36,-0.36,-0.81)
;X <- tibble O

for(i in 1:3){

o X[1, il mu/(1 - phil[il-psilil)

; X[2, il mu/(1 - phil[il-psilil)
s for(j in 1:1000){

X[j+2, 1] = mu + phil[il*X[j+1, i] + psil[il*X[j,i] +
w rnorm(l ,0 ,1)}

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

ylab = paste('Xt(phi=', philil,',psi=',psilil,") "))}

spec.pgram(X[[1]], span =100, taper 0.2)
i1 spec.pgram(X[[2]], span =100, taper = 0.2)

spec.pgram(X[[3]], span =100, taper = 0.2)

Xt (phi= 1.2 psi=-0.36)
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1
|1 _ qbe—ian _ ¢e—i4nm|2

Sx(w) =

SFF AT E RISH (0D, YD), FATAT LATSE DA L35 1 R 4K

1
Sx(w)| = , :
(@0, p)=(-1.2,036) |1+ 1.2e727@ — ().36e 472
1
Sx(w = , .
x(@) (60, p0)=(-1.3,036) |1 + 1.3e72m@ — (.36 147w |2
1
Sx(w = , .
x(@) (¢0,p0)=(-1.8,081) |1+ 1.8e~127@ — (.81~ 147 |2

S A A B R TF

x <- seq(0 ,0.5 ,0.0025)

sl <- vector()

s2 <- vector()

s3 <- vector()

length (x)

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

s1[i] <- 1/(2.5696 -3.264*cos(2*pi*x[i])
+0.72*cos (4*pi*x[i]))

s2[1] <- 1/(2.8196 -3.536%*cos (2*pi*x[i])
+0.72*cos (4*pi*x[i]))

s3[1i] <- 1/(4.8961 -6.516%*cos (2*pi*x[i])
+1.62%cos (4*pi*x[i]))

}

plot(x,sl,type="1",main="phi=1.2, psi=-0.36",
xlab="w",ylab="Sx")

plot(x,s2,type="1",main="phi=1.3,psi=-0.36",
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xlab="w",ylab="Sx")
plot(x,s3,type="1",main="phi=1.8,psi=-0.81",

xlab="w",ylab="Sx")

6=12u=036 6=13u=-036 6=18w=-081
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VR R ST IS

(c) FURBANTE

betal0 <- tibble ()

betal <- tibble ()

beta2 <- tibble ()

for(i in 1:3){

for(k in 1:10){

y <- unlist(X[3:(100*k+2), il)
x1 <- unlist(X[2:(100*k+1), i])
x2 <- unlist(X[1:(100%*k), il)

ols <- coefficients(lm(y ~ x1+x2))

betaO[k, il = ols[1]
betal [k, i] = ols[2]
beta2[k, il = ols[3]



140 145 1.20 125

105

}

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

||kll s

ylab = paste('betalO(phi=', phil[il,')"'))

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

||kll s

ylab = paste('betal(phi=', phil[il,')"'))

plot(beta2[[i]l], type = "1", xlab =

||kll s

ylab = paste('beta2(phi=', phil[il,') "))
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(d) RS anF:
1 #phi=1.2,psi=-0.36
X1 <- tibble ()

for(i in 1:1000){

+ X1[1, il mu/ (1 - phil[1]l-psil1])

s X1[2, il

mu/(1 - phil[1]l-psil1])
o for(j in 1:100){
X1[j+2, il = mu + phi[1]1*X1[j+1, il + psi[11*X1[j,1i]
¢ + rnorm(1,0,1)}}
o # phi = 1.3,psi=-0.36
0 X2 <- tibble ()

n for(i in 1:1000){

X2[1, il mu/ (1 - phil[2]-psil2])

X2[2, il

mu/ (1 - phi[2]-psi[2])
w for(j in 1:100){
s X2[j+2, i] = mu + phil[2]*X2[j+1, il + psil[2]*X2[j,i]
6 + rnorm(1,0,1)}}
# phi = 1.8,psi =-0.81
s X3 <= tibble ()

v for(i in 1:1000){

n X3[1, il mu/ (1 - phil[3]-psil3])

n X3[2, il

mu/ (1 - phi[3]-psil3])

for(j in 1:100){

X3[j+2, il = mu + phil[3]1*X3[j+1, il + psil31*X3[j,1i]
» + rnorm(1,0,1)}}

» X <- list(X1, X2, X3)
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betald <- tibble ()

betal <- tibble ()

beta2 <- tibble ()

b0 <- tibble ()

bl <- tibble ()

b2 <- tibble ()

sd_betal0 <- vector("double" ,2)
sd_betal <- vector("double" ,2)
sd_beta2 <- vector("double" ,2)
for(i in 1:3){

for(j in 1:1000){

y <- unlist(X[[i]]([3:102 , jI)
x1 <- unlist(X[[il][2:101 , jFI1)
x2 <- unlist(X[[i]1[1:100 , jI1)
ols <- coefficients(lm(y ~ x1+x2))
betaO[j, il <- ols[1]

betall[j, il <- ols[2]

beta2[j, il <- ols[3]

}

hist(betaO[[i]]l-mu , xlab =

paste ('betal(phi=', philil,',psi=',psilil,")"),

main = paste('Histogram_of_betaO(phi=', philil,"',

psi=',psilil, ') "))
hist(betal[[i]]l-mu , xlab =

paste ('betal (phi=', philil,',psi=',psilil,")"),

main = paste('Histogram_of_betal (phi=', philil,"',
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psi=',psilil, ") "))

hist(beta2[[i]]l-mu , xlab =

paste('beta2(phi="', philil,',psi=',psilil,")"'),
main = paste('Histogram_of_beta2(phi=', philil,"',

psi=',psilil, ') "))

sd_betaO[i] <- sd(betaO[[il])
sd_betal[i] <- sd(betal[[il])
sd_beta2[i] <- sd(beta2[[il])

}

sd_betal

## [1] 0.2981030 0.5450414 1.2014578
sd_betal

## [1] 0.09186399 0.08519157 0.06825279
sd_beta2

## [1] 0.08491475 0.07978170 0.06417489

for(i in 1:3){

print (ggplot ()+ geom_histogram (data=NULL,
mapping=aes(x=betalO[[i]],y=..density..))

+ xlab(paste('betaO(phi="', philil,',psi=',psilil,"') "))
+ 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..))



7% + xlab(paste('betal(phi=', philil,',psi=',psilil,"')"'))
so + geom_function(fun=dnorm ,color="red",

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

2 print(ggplot()+ geom_histogram (data=NULL,

53 mapping=aes(x=beta2[[i]],y=..density..))

s + xlab(paste('beta2(phi=', philil,',psi=',psilil,"')"'))
55 + geom_function (fun=dnorm,color="red",

s args=list (mean=psi[i],sd=sd_beta2[il])))

87 }
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T <- 100

AR2_CM <- function(phi, psi, mu , sigma ){

mu_X <- mu / (1 - phi - psi)

A _matrix <- matrix(c(0, phi, psi,

phi, psi, O,

phi, psi, 0),

nrow = 3, byrow = TRUE)
I_matrix <- diag(3)

b_vector <- c(1, 0, 0)

gamma_vec <- solve(I_matrix - A_matrix, b_vector)

gamma_0 <- gamma_vec [1]

gamma_1 <- gamma_vec [2]

gamma_2 <- gamma_vec [3]

E X t 1 <- mu_ X

E X t 2 <- mu_X

E X _tl_sq <- gamma_O0 + mu_X"2

E X t1 X t2 <- gamma_1 + mu_X"2

E X _t2_sq <- gamma_O0 + mu_X"2

M <- matrix(c(1, E_X_t_1, E_X_t_2,
E Xt 1, EX tl sq, E X_t1 X t2,
E X_t_2, E_X_t1_X_t2, E_X_t2_sq),

nrow = 3, byrow = TRUE)

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

12



30

31

32
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36

37

38

39

40

41

42

44

45

46

48

49

return (CM)

}

AR2 _CM(phi[1],psil[1],mu=1,sigma=1)

# [,1] [,2] [,3]

#[1,] 0.11742187 -0.00859375 —-0.00859375

#[2,] —0.00859375 0.01168750 —-0.01031250

#[3,] —0.00859375 -0.01031250 0.01168750

AR2 _CM(phi[2],psil[2],mu=1,sigma=1)

# [,1] [,2] [,3]

#[1,] 0.298220551 -0.008646617 -0.008646617

#[2,] —0.008646617 0.011759398 —-0.011240602

#[3,] —0.008646617 —0.011240602 0.011759398

AR2 _CM(phi[3],psil3],mu=1,sigma=1)

# [,1] [,2] [,3]

#[1,] 1.561246537 —-0.007756233 —0.007756233

#[2,] -0.007756233 0.014038781 -0.013961219

#[3,] —-0.007756233 —0.013961219 0.014038781
sd_theory <- vector(mode = "list", length = 3)
for(i in 1:3){

sd_theory [[i]] <- c(sd_betald = sqrt(AR2_CM(phil[il,
psilil,mu=1,sigma=1)[1,1]) ,

sd_betal =sqrt(AR2_CM(phil[i],psil[i],mu=1,sigma=1)[2,2]),
sd_beta2 =sqrt(AR2_CM(phil[i],psil[i],mu=1,sigma=1)[3,3]1))
}

names (sd_theory) <- c("phi=1.2,psi=-0.36","phi=1.3,

13
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psi=-0.36","phi=1.8,psi=-0.81")
sd_theory

# $phi =1.2,psi =-0.36

# sd_betaO sd_betal sd_beta2

# 0.3426688 0.1081087 0.1081087

# $phi =1.3,psi =-0.36
# sd_betaO sd_betal sd_beta2

# 0.5460957 0.1084408 0.1084408

# $phi =1.8,psi =-0.81
# sd_betaO sd_betal sd_beta2

# 1.2494985 0.1184854 0.1184854

#H K B B OE R

x <- vector("double" ,101)

for (i in 1:3) {

x[1] <- mu/(1 - phi[il-psil[il)

x[2] <- mu/(1 - phi[il-psil[il)

for (j in 1:100) {

x[j+2] = mu + phil[3]1*x[j+1] + psil[3]1x*x[j]
+ rnorm(1 ,0 ,1)}

X <- cbind(rep(1 ,100) , x[2:101], x[1:100])
M <- t(X) %*%h X / 100

CM<- 1/100*1*solve (M)

print (CM)
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84

85

86

87

88
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920

91

92

94

95

96

98

9

100

101

102

104

105

sd_sample<-c(sd_betaO=sqrt(CM[1 ,1]) ,
sd_betal=sqrt(CM [2 ,2]),
sd_beta2=sqrt(CM [3 ,3]))

print (sd_sample)

}

# [,1] [,2] [,3]

#[1,] 0.12873521 -0.012615582 0.011248837

#[2,] -0.01261558 0.003611043 -0.003490062

#[3,] 0.01124884 -0.003490062 0.003385072

#sd _betaO sd_betal sd_beta?2

#0.35879689 0.06009196 0.05818137

# [,1] [,2] [,3]
#[1,] 0.099783739 -0.009623794 0.008496649
#[2,] -0.009623794 0.005880669 —-0.005827523
#[3,] 0.008496649 -0.005827523 0.005789471
#sd _betaO sd_betal sd_beta?2

#0.31588564 0.07668552 0.07608857

# [,1] [,2] [,3]
#[1,] 0.352987307 0.003876617 —0.007794409
#[2,] 0.003876617 0.003977387 —0.004003679
#[3,] -0.007794409 -0.004003679 0.004074804
#sd _betaO sd_betal sd_beta?2

#0.59412735 0.06306653 0.06383420

Wt bR e A RE AR E 22 (EL

() fRRSANE
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X1 <- tibble ()
for(i in 1:1000){

X1[1, il

mu/ (1 - phil[1]l-psil[1])

X1[2, il

mu/(1 - phil[1]-psil1])

for(j in 1:900){

X1[j+2, i] = mu + phi[1]1*X1[j+1, il + psil[1]*X1[j,i]
+ rnorm(1 ,0 ,1)}}

# phi = 1.3,psi=-0.36

X2 <- tibble ()

for(i in 1:1000){

X2[1, il mu/ (1 - phil[2]-psil2])

X2[2, il

mu/(1 - phil[2]-psil2])

for(j in 1:900){

X2[j+2, i] = mu + phi[2]*X2[j+1, il + psil[2]*X2[j,i]
+ rnorm(1 ,0 ,1)}}

# phi = 1.8,psi =-0.81

X3 <- tibble ()

for(i in 1:1000){

X3[1, il

mu/ (1 - phi[3]-psil3])

X3[2, il

mu/ (1 - phi[3]-psil3])

for(j in 1:900){

X3[j+2, il = mu + phil[3]1*X3[j+1, il + psil[3]1*X3[j,il
+ rnorm(1 ,0 ,1)}}

X <- list(X1 , X2 , X3)

betad <- tibble ()

betal <- tibble ()

16
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beta2 <- tibble ()

b0 <- tibble ()

bl <- tibble ()

b2 <- tibble ()

sd_betal0 <- vector("double" ,2)

sd_betal <- vector("double" ,2)

sd_beta2 <- vector("double" ,2)

for(i in 1:3){

for(j in 1:100){

y <- unlist(X[[i]]1[3:902 , jI1)

x1 <- unlist(X[[i]1[2:901 , jI1)

x2 <- unlist(X[[i]11[1:900 , jI1)

ols <- coefficients(lm(y ~ x1+x2))

betaO[j, il <- ols[1]

betall[j, il <- ols[2]

beta2[j, il <- ols[3]

}

hist(betaO[[i]]-mu , xlab = paste('betaO(phi="',
phil[il,"',psi="',psilil, ") "),

main = paste('Histogram_of_betaO(phi=', philil,"',
psi=',psilil, ") "))

hist(betal[[i]]-mu , xlab = paste('betal(phi="',
phil[il,"',psi="',psilil, ") "),

main = paste('Histogram_of_betal (phi=', philil,"',
psi=',psilil, ") "))

hist(beta2[[i]]-mu , xlab = paste('beta2(phi="',

17
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phil[il,"',psi="',psilil, ") "),

main = paste('Histogram_of_beta2(phi=', philil,"',
psi=',psilil, ") "))

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

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

sd_beta2[i] <- sd(beta2[[il])

}

sd_betal

sd_betal

sd_beta2

for(i in 1:3){

print (ggplot ()+ geom_histogram (data=NULL ,
mapping=aes (x=betaO[[i]],y=..density..))

+ xlab(paste('betaO(phi="', philil,',psi=',psilil,"') "))
+ 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="', philil,',psi=',psilil,"') "))
+ geom_function(fun=dnorm ,color="red",

args=1list (mean=phil[i],sd=sd_betall[il)))

print (ggplot ()+ geom_histogram (data=NULL ,
mapping=aes(x=beta2[[i]],y=..density..))

+ xlab(paste('beta2(phi="', philil,',psi=',psilil,"') "))
+ geom_function(fun=dnorm ,color="red",

args=1list (mean=psi[i],sd=sd_beta2[il)))
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N
@

T <- 900

AR2_CM <- function(phi, psi, mu , sigma ){

mu_X <- mu / (1 - phi - psi)

A _matrix <- matrix(c(0, phi, psi,

phi, psi, O,

phi, psi, 0), nrow = 3, byrow = TRUE)
I_matrix <- diag(3)

b_vector <- c(1, 0, 0)

gamma_vec <- solve(I_matrix - A_matrix, b_vector)

gamma_0 <- gamma_vec [1]

gamma_1 <- gamma_vec [2]

gamma_2 <- gamma_vec [3]

E X t 1 <- mu_ X

E X t 2 <- mu_ X

E X _tl_sq <- gamma_O0 + mu_X"2

E X t1 X t2 <- gamma_1 + mu_X"2

E X _t2_sq <- gamma_O0 + mu_X"2

M <- matrix(c(1, E_X_t_1, E_X_t_2,
E Xt 1, EX tl sq, E X_t1 X t2,
E X_t_2, E_X_t1_X_t2, E_X_t2_sq),

nrow = 3, byrow = TRUE)
CM <- solve(M)*sigma~2*(1/T)

return (CM)
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30

31

32

34

35

36

37

38

39

40

41

42

44

45

46

48

49

AR2 _CM(phi[1],psil[1],mu=1,sigma=1)

# [,1] [,2] [,3]
#[1,] 0.0130468750 —-0.0009548611 —-0.0009548611
#[2,] -0.0009548611 0.0012986111 —-0.0011458333
#[3,] -0.0009548611 -0.0011458333 0.0012986111
AR2 _CM(phi[2],psil[2],mu=1,sigma=1)

# [,1] [,2] [,3]
#[1,] 0.0331356168 -0.0009607352 —-0.0009607352
#[2,] -0.0009607352 0.0013065998 —-0.0012489557
#[3,] -0.0009607352 —0.0012489557 0.0013065998
AR2 _CM(phi[3],psil3],mu=1,sigma=1)

# [,1] [,2] [,3]
#[1,] 0.1734718375 -0.0008618036 —-0.0008618036
#[2,] -0.0008618036 0.0015598646 —-0.0015512465

#[3,] —0.0008618036 —-0.0015512465 0.0015598646

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

for(i in 1:3){

sd_theory[[i]] <- c(sd_betal = sqrt(AR2_CM(phil[i],
psilil,mu=1,sigma=1)[1,1]) ,

sd_betal =sqrt(AR2_CM(phil[i],psil[i],mu=1,sigma=1)[2,2]),
sd_beta2 =sqrt(AR2_CM(phil[i],psil[i],mu=1,sigma=1)[3,3]1))
}

names (sd_theory) <- c("phi=1.2,psi=-0.36","phi=1.3,
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74

75

80

81

psi=-0.36","phi=1.8,psi=-0.81")

sd_theory

#

#

#

#

X

$phi =1.2,psi =-0.36
sd_beta0 sd_betal

0.11422292 0.03603625

$phi =1.3,psi =-0.36
sd_beta0 sd_betal

0.18203191 0.03614692

$phi =1.8,psi =-0.81

sd_beta0 sd_betal
0.41649950 0.03949512
#r %

#OK S -

<- vector("double"

for (i in 1:3) {

sd_beta?

0.03603625

sd_beta?

0.03614692

sd_beta?

0.03949512

,901)

x[1] <- mu/(1 - phil[il-psilil)

x[2] <- mu/(1 - phil[il-psilil)

for (j in 1:900) {

x[j+2] =

rnorm(1 ,0 ,1)}

X <- cbind(rep(1 ,900)
M <- t(X) %*%h X / 900

CM<- 1/900*1*solve (M)

print (CM)

, x[2:901],

mu + phi [3]*x[j+1] + psil[3]1*x[j] +

x[1:900])
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89
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91

92

94

95

96

98

9

100

101

102

104

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

sd_betal=sqrt(CM [2 ,2]),
sd_beta2=sqrt(CM [3 ,3]))

print (sd_sample)

}

# [,1] [,2]
#[1,] 0.0304557095 -0.0006450578
#[2,] -0.0006450578 0.0004005666
#[3,] 0.0003360185 —0.0003942706
# sd_beta0 sd_betal sd_beta2
#0.17451564 0.02001416 0.01977953
# [,1] [,2]
#[1,] 0.0432229056 -0.0007491774
#[2,] -0.0007491774 0.0003474072
#[3,] 0.0003430015 -0.0003405139
# sd_beta0 sd_betal sd_beta2
#0.20790119 0.01863886 0.01837222
# [,1] [,2]
#[1,] 0.0354082586 —0.0001391447
#[2,] -0.0001391447 0.0003852756
#[3,] -0.0002124855 —-0.0003839542
# sd_beta0 sd_betal sd_beta2

#0.18817082 0.01962844 0.01965294

[,3]
0.0003360185
-0.0003942706

0.0003912299

[,3]
0.0003430015
-0.0003405139

0.0003375386

[,3]
-0.0002124855
-0.0003839542

0.0003862379
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