
1

一、

1.cos(ω(s-t)).

2.−1 < a < 0.9.

3. 1
1+θ1+···+θq .

4.σ
2

2π

∣∣∣B(eiλ)
A(eiλ)

∣∣∣2, 其中A(z) = 1− φ1z − · · · − φpzp, B(z) = 1 + θ1z + · · ·+ θqz
q.

5.12; SARIMA(0, 0, 1)× (0, 1, 0)12; 1+θ2

1−Φ2σ
2.

6.白噪声; χ2; 该序列为i.i.d的白噪声

7.差分d次平稳

8.用{Xt, t ≤ n}对Xn+1 做线性预测的误差非零； lim
k→∞

σ2
k = γ0

9. a1
1−a2 ; a2; 0

二、

1. â1 = 1−ρ̂2
1−ρ̂21

ρ̂1 ≈ 1.435 â2 = ρ̂2−ρ̂21
1−ρ̂21

ρ̂1 ≈ −0.721

σ̂2 = γ̂0(1− â1ρ̂1 − â2ρ̂2) ≈ 1.219

∵
√
n(â1 − a1, â2 − a2)→ n(0, σ2Γ−1

2 )

∴ Cov(~a) = 1
n
σ̂2Γ̂−1

2 = 1
144
× 1.219×

(
γ̂0 γ̂1

γ̂1 γ̂0

)−1

≈

(
0.003 −0.002

−0.002 0.003

)
2. 直接累加得Xt = tc+ ε1 + · · ·+ εt + ηt − η0 +X0

∴ Cov(Xt, Xs) =

{
tσ2
ε t < s

tσ2
ε + σ2

η t = s
, E(Xt) = tc+X0 − η0

3. ∵ Cov(Xt, Xt+k) = Cov(εt + θεt−12, εt+k + θεt+k−12) =


(1 + θ2)σ2 k = 0

θσ2 k = 12

0 k 6= 0, 12

∴ ρk =


1 k = 0
θ

1+θ2
k = 12

0 k 6= 0, 12

三、

1.

(1)

Ŷt+1 = 40 + E(εt+1)− 0.6εt + 0.8εt−1 = 35.6

Ŷt+2 = 40 + E(εt+2)− 0.6E(εt+1 + 0.8εt) = 41.6

(2)

∵ Ŷt+1
d
= 35.6 + εt+1 Ŷt+2

d
= 41.6 + εt+2 − 0.6εt+1

εt+1, εt+2 ∼ N(0, 20)

∴ Ŷt+1 的95% CI 为(35.6− 1.96
√

20, 35.6 + 1.96
√

20) ≈ (26.835, 44, 365)

∴ Ŷt+2 的95% CI 为(41.6− 1.96× (1 + 0.62)
√

20, 41.6 + 1.96× (1 + 0.62)
√

20) ≈ (31.378, 51.822)

(3)

∵ γ0 = 40, γ1 = Cov(Yt, Yt−1) = −21.6, γ2 = Cov(Yt, Yt−2) = 16, γk = 0, (k > 2)

∴ f(λ) = 1
2π

∑k=2
k=−2 γke

−ikλ = 1
2π

(40− 43.2cos(λ) + 32cos(2λ))

2.



2

(1)

∵ vt ∼ N(0, 1) εt = vt
√

1 + 0.05ε2t−1

∴ εt|εt−1=ε ∼ N(0,
√

1 + 0.05ε2)

∴ ht = V ar(εt|εt−1=ε) = 1 + 0.05ε2 是一个常数.

∴ E(Yt|Xt = 0.1, εt−1 = 0.6) = 0.05 + 0.3× 0.1 + 0.2× (1 + 0.05× 0.62) = 0.2836

(2)

易知V ar(Yt|Xt = 0.1, εt−1 = 0.6) = V ar(εt|εt−1=0.6) = 1 + 0.05× 0.62 = 1.018

(3)

由上面推导得Yt|Xt = x, εt−1 = ε ∼ N(0.25 + 0.3x+ 0.01ε2, 1 + 0.05ε2) 服从正太分布。

3.

(1)

不妨令s < t

case1 1 ≤ t < s ≤ m
E(YtYs) = 1

σ2E(XtXs) = 1
σ2 γt−s

记{γk} 为{Xt} 的自协方差函数则
当k < q

γk =
∑p

j=1 ajγk−j +
∑q

j=0 bjψj−kσ
2

其中

ψj =


1 j = 0

bj +
∑p

k=1 akψj−k j = 1, . . . , q

0 else

当k = q

γk =
∑p

j=1 ajγk−j + σ2bq

当k > q

γk =
∑p

j=1 ajγk−j

case2 1 ≤ s ≤ m < t

E(YtYs) = 1
σ2E(Xs(Xt −

∑p
j=1 ajXt−j)) =

{
1
σ2 (γt−s −

∑p
j=1 ajγt−s−j) t− s < q

0 t− s ≥ q
case3 m < s < t

E(YtYs) = 1
σ2E

[
(
∑q

j=0 bjεt−j)(
∑q

j=0 bjεs−j)
]

=

{ ∑q
j=0 bjbj+t−s t− s ≤ q

0 t− s > q

其中b0 = 1

(2)

令A(L)Xt = B(L)εt 其中A(L) = 1−
∑p

j=1 ajL
j , B(L) = 1 +

∑q
j=1 bjL

j

则A(L)zt = B(L)εt +A(L)ηt

∵ {εt} 和{ηt} 独立
∴ B(L)εt +A(L)ηt 可以看成MA(m) 序列，其中m = max(p, q).

所以{zt} ∼ ARMA(p,m)

　


