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EX; = u+ qbllEXt—l + ¢21EXt_2

GANEIEEE

v

EX;= —— =
T -

2
(b)
X =1 Xi1 + GaXi o+ & + Oy
=1 (01 X2 + P2 X5 + €11 + Or2) + P2 Xin + & + Os4
=(P1* + o) Ko + 0102 Xi5 + & + (0 + 1) €21 + OPrern

= (<]513 + ¢)2<P1) Xt—S + ((P12<]52 + ¢23) Xt—4 + &+ (9 + q51) &1 + ((Pl@ + ¢12 + q52) Et-2
(A
Po=1

Y1 =0+

Y2 =10 + 1" + o
(c)
lEXtEt = ll}()o—g = O—g

EX;eiq = 'ablag = (6 + ¢1) Ug
EX;er0 = 1202 = (10 + 1% + ds) 02

1



(d) ESEXPIRHRIRU X, X1, X FFHUWE, W15:
0% (1) = $10% (0) + 20% (1) + 002

0% (2) = p10% (1) + ¢20% (0)

0%(0) = ¢10% (1) + $20% (2) + (0% + P10 + 1) 02

H. ] o o
$1 -1 0 |[0%(0) 602
2 p1 1| |ox ()] = 0
1 -1~ Gi 2) (62 + @10 + 1) o2
WREGERE N ©, WA -
0% (0) ~Pp12 =1 P -2 1-¢ —00?
1
W)~ Jer@) | 271 ~ 12 1 0
0% ()] —P1p2— 1 PT+P2—1 I -3+ | [(6%+ 410 +1) o2
fii15:
0% (0) = et (@) (216 — 20% — ¢ + 6% + 1) 07
0% (1) = ! (P36 + $16% + 1 + O3 + 0) o2

det (D)

2 1 272 202 2 2 2 42 2
Ux(2)=m(¢19 + P10 = 207 + 9207 = G130 + 261520 + P10 + b — 3 + o) 07

Hrb, det(®) = (1 + P2 — (2 — P1 — 1)(p2 + 1)

(e)

Xi = 01 X1 + GaXp g + & + Oy
(1= 1L — P LHX = (1 + P1L)e;
A(L)X; = B(%)e,

X, = A(L)'B(%)¢,

4 C(2) = A2)'B(2) = 12

felw) = G(x) x 1 = y/C(ei@)C(e~iw) = B(ei)B(e~iv)

A(eia))A(e—im)



Sx(w) = fH(@)Se(w)

1 2
= Efx (w)
_ 1 B(e')B(e™®)
T 21 A(eiw)A(emiv)

1 (1+ Oei@)(1 + Gei«)
27 (1= 1o — oe™)(1 = pre — e i)
1 (1 + 6)*+ 260 cos(w)

201+ @7+ 43— 2911 — ) cos(w) — 262 cos(2)
BRI AR AR, o2(k) = / 5.()e ™ da

1

o2(k) = / " Sy (@)e ™ dw

B : 1 (1+ 0)* + 20 cos(w) pi2nok g,
= 11 21+ @F + 5 = 2¢1(1 = ¢pa) cos(w) — 2¢h cos(2w)

02(0) = : 1 (1 + 60)>+20 cos(w)

e 21 211+ F + ¢35 — 21 (1 = ¢2) cos(w) — 2¢, cos(2w)

_ (2(]516 - (Pz@z — (Pz + 6%+ 1) ”
TGt oD pr—D(a+1) ¢

ezZna)Odw

()

Y, =X, - u—= ¢1Xt—1 - ¢2Xt—2
i1 {e} * N(0, 0%) W74,
var(Y;) = var(e; + 0¢,_1) = (1 + 60%)0?
cov(Y;, Yi_1) = cov(e; + Oer_q, &1 + Oein) = 60?

cov(Yt, Yix) = 0(k > 2)

i1
1+ 62 0 0 0 0
0 1+ 62 0 0 0
0 0 1+ 62 0 0
Y=
0 0 0 1+ 62 0
0 0 0 0 1+ 62




(g) 1RFLHIF:

1 mu <- 0.12

> phil <- 1.5
phi2 <- -0.56

+ theta <- 0.5

5 sigma <- 0.1

; set.seed (1)

s epsilon <- rnorm(5000, mean = 0, sd = sigma)

0 X <- numeric (5000)

1 X[1] <- mu + phil*2 + phi2*2 +epsilon[1]

2 X[2] <- mu + phil1*X[1] + phi2*2 + epsilon[2]

13 + theta* epsilon[1]

s for (t in 3:5000) {

15 X[t] <- mu + phil * X[t-1] + phi2 * X[t-2] + epsilon[t]
16 + theta * epsilon[t-1]

17 }

v estimates <- matrix(NA, nrow = 50, ncol = 5)

2 for (k in 1:50) {

2 X_k <- X[1:(100%k)]

2 fit <- arima(X_k, order = c(2, 0, 1), method = "ML")
2 estimates[k,] <- c(fit$coef["intercept"], fit$coef["arl"],
»  fit$coef["ar2"], fit$coef["mal"], sqrt(fit$sigmal))

2 }
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df estimates <- tibble(
k = 1:50,

mu = estimates[,1],

Lol
|
—
1]

estimates[,2],

Ll
|
N
1]

estimates[,3],

ct
=
®
ct
o
1]

estimates[,4],

estimates[,5])

n

(=8
(0c]
8
)
]

ggplot (df _estimates)
+ geom_line(aes(k, mu))
+ geom_line(aes(k, 2),color = 'red')

+ labs(x='k',y='mu')

ggplot (df _estimates)
+ geom_line(aes(k, ¢_1))
+ geom_line(aes(k, phil),color = 'red')

+ labs(x = 'k',y = '®_1")

ggplot (df _estimates)
+ geom_line (aes(k, $_2))
+ geom_line(aes(k, phi2),color = 'red')

+ labs(x = 'k',y = '®_2")

ggplot (df _estimates)
+ geom_line (aes(k, theta))

+ geom_line(aes(k, theta),color = 'red')
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+ labs(x = 'k',y = 'theta')

ggplot (df _estimates)

+ geom_line(aes(k, sigma))

+ geom_line(aes(k, sigma),color = 'red')

+ labs(x = 'k',y = 'sigma')
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N}

set.seed (1234)
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@

mu <- 0.12
sigma <- 0.1
phil <- 1.5
phi2 <- -0.56

theta <- 0.5

epsilon <- rnorm(5000, mean = 0, sd = sigma)

X <- numeric(5000)

X[1] <- mu

X[2] <- mu

for (t in 3:5000) {
X[t]l<-mu+phil*X[t-1]+phi2*X[t-2]+epsilon[t]+theta*xepsilon[t-1]

}

order _aic <- matrix(NA, nrow 50, ncol 2)

order _bic <- matrix(NA, nrow 50, ncol = 2)

for (k in 1:50) {

X_k <- X[1:(100%k)]

fit_aic <- auto.arima(X_k, ic "aic")

fit_bic <- auto.arima(X_k, ic "bic")

order_aiclk,] <- c(fit_aic$armal1], fit_aic$armal2])

order_biclk,] <- c(fit_bic$armal1], fit_bic$armal2])
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df _aic<-tibble(k=1:50, p=order_aicl[,1],q =

df _bic<-tibble(k=1:50, p=order_bicl[,1],q

df _p <- tibble(k

df _q <- tibble(k

ggplot (df _p)+
geom_line (aes(k, aic),

geom_line (aes(k, bic),

labs(title = 'AR# 4 ',
x = 'k',
y = '"pElAME")

ggplot (df _q)+
geom_line (aes(k, aic),

geom_line (aes(k, bic),

labs(title = 'MAE 4 ',
x = 'k',
y = 'qi )

1:50, aic

1:50, aic

color

color

color

color

qlfIET 5

MA /)

Ik .

df _aic$p, bic

df _aic$q, bic

'red')+

'blue')+

'red')+

'blue')+

order _aicl[,2])

order _bicl[,2])

df _bic$p)

df _bic$q)




IE(XH_l, Xt) = 91(1 + 62)

E(Xt+2, Xt) = 62

ﬁ& Xt+1 5 Xt\ Xt_1 *H;%’ Xt+2 5 Xt *E?%
%l s>3 Eﬂ‘, XX~ X :[:,‘}]Z:*E%

(a)
Xt+1|t = -%(XHllXtr Xt—l) = l;X
sop, x= |
X1
b =argminE [Y - bTX]2
= (E [XXT])"E [XX;:1]
~ 1+62+65 6:(1+06,) ||0:(1+0,)
) 011+ 6,) 1+ 0%+ 062 6,
1 —1 +07+0; —6:(1+06,)|[6:(1+65)
- det® -61(1+60,) 1+62+062 0,
1 — 01(1 + 0,)(1 + 62 + 63 — 6,)
- detd 62(1+ 02 + 6,2 — 63(1 + 6,)°
1 01(1 + 6,)(1 + 62 + 65 — 0)
~ (407403 - 611 + 0 0:(1+ 02 + 6,2 — 02(1 + 0,)?
(b)

Xt+2\t = BXt

b = E(XP)"E(X: X-1)

_ 91(14‘92)
1+ 62+ 62



