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1. [ ∑
i2(t− 1) −

∑
i(t− 1)u(t− 1)

−
∑

i(t− 1)u(t− 1)
∑

u2(t− 1)

] [
â

b̂

]
=
[
−
∑

i(t)i(t− 1)∑
i(t)u(t− 1)

]

2. a)

ryu(τ) = E{y(t + τ)u(t)}

= E

{( ∞∑
k=0

g(k)u(t + τ − k) + v(t)

)
u(t)

}

= E

{ ∞∑
k=0

g(k)u(t + τ − k)u(t)

}

=
∞∑

k=0

g(k)ru(τ − k)

= g(k)δτ,kλ
2

= λ2g(τ)

b)

r̂yu(τ) =
1
N

N−max(τ,0)∑
t=1−min(τ,0)

y(t + τ)u(t), τ = 0,±1,±2, . . .

which gives

ĝ(τ) =
1

λ̂2
r̂yu(τ)

where λ̂2 is an estimate of λ2.
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3. a)

â =

(
1
N

N∑
t=1

ϕ2(t)

)−1(
1
N

N∑
t=1

ϕ(t)y(t)

)

=

(
1
N

N∑
t=1

y2(t− 1)

)−1(
− 1

N

N∑
t=1

y(t− 1)y(t)

)

−→
N→∞

−ry(1)
ry(0)

= a0

b)

var(â) ≈ λ2

N
R̄−1

where

R̄ = E{ϕ2(t)} = ry(0) =
λ2

1− a2
0

so

var(â) ≈ 1− a2
0

N

4.

ĉ(t) =

(
t∑

k=1

0.9t−k

)−1 t∑
k=1

0.9t−ky(k)

ĉ(t) = ĉ(t− 1) +
0.1

1− 0.9t
(y(t)− ĉ(t− 1))

5. A discussion can be made based on the material in the course book.

6. a)

E{ĉ} =
1
2
c

b)

var(ĉ) =
σ2

4N
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7. a)

E{z(t)ϕT (t)} =
[
b0λ

2 kb0λ
2

0 λ2

]
b) Choose u(t) so that it is sufficiently variational, persistently exciting of sufficient

order, and so that 1
N

∑N
t=1 ϕ(t)ϕT (t) is invertible.
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