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√
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MSE(X̂) = E((X − X̂)2)
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= V ar(X̂) +Bias(X̂)2
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|
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E(xi) = x̄ s2 < ∞ x̄ = 1
n

∑n
i=1 xi

x̄
P−→ X̄,

lim
n→N

P(|X̄ − x̄| > ε) = 0 ε > 0.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 203 12 16 19

n

N

n [1, N ]

n N
(

N
n

)

1/
(

N
n

)
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X =
∑N

i=1Xi x̂ = (N
n
)
∑n

i=1 xi

X̄ = 1
N

∑N
i=1Xi x̄ = 1

n

∑N
i=1 xi

PX = X
N

pX = x
n

σ2
X = 1

N−1

∑N
i=1(Xi − X̄)2 s2x = 1

n−1

∑n
i=1(xi − x̄)2

σ2
X = PX(1− PX) s2x = npx(1−px)

(n−1)

s2x = px(1− px)

x̄

X̄

E(x̄) =

n
∑

i=1

xi
(

N
n

)

s2x
(

N
n

)

σ2
X

E(s2x) = σ2
X .

x̄

V ar(x̄) = E((x̄− X̄)2)

=
s2

n

N − n

N

=
s2

n
(1− f),

f n
N
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x̄

SD(x̄) =
sx√
n

√

(N − n)

N

=
sx√
n

√

(1− f).

xi

N

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 201 7 13 20

L

Nh, h = 1, ..., L

N = N1 +N2 + ...+NL.

nh
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x̂h = Nh

nh

∑nh

i=1 xhi x̂str =
∑L

h=1 x̂h

x̄h = 1
nh

∑nh

i=1 xhi x̄str =
1
N

∑L
h=1Nhx̄h

pxh
= xh

nh
pxh,str =

1
N

∑L
h=1 pxh

s2hx = 1
nh−1

∑nh
i=1(xhi − x̄h)

2

x̄str

x̄

Wh = Nh

N

nh
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x̄str X̄

E(x̄str) = E
1

N
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Nhx̄h
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Whx̄h

=
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∑
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x̄str

V ar(x̄str) =
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V ar(X̄) = V ar(
L
∑
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Whx̄h)

=
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h=1

L
∑
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WhWjCov(x̄h, x̄j)
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W 2
hV ar(x̄h) + 2
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x̄str

V ar(x̄str) =
1

N2

L
∑

h=1

Nh(Nh − nh)
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.

fh = f
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xi, i ∈ 1, ..., N

Exi = x̄

E(xi − x̄)(xi+u − x̄) = ρuσ
2

E(xi − x̄)2 = σ2

E

ρu ≥ ρv ≥ 0 (u < v)

ρ2u = ρu+1 − 2ρu + ρu−1 ≥ 0 [u = 2, 3, ..., (kn− 2)].

E(V ar(x̄sys)) ≤ E(V ar(x̄str)) ≤ E(V ar(x̄srs)).

ρ2u = 0, u = 2, 3, ..., (kn− 2)
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