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y x ρ
X̄ x

Ȳ y ȳSR = ȳ
(
X̄ + ρ

)/
(x̄+ ρ) ȳSP = ȳ(x̄+ ρ)

/(
X̄ + ρ

)
ȳ x̄ y x

ȳSR ȳSP

Bias (ȳSR) = γnȲ
(
ν2C2

x − ρνCxCy

)
MSE (ȳSR) = γnȲ

2
{
C2
y + νC2

x (ν − 2K)
}

Bias (ȳSP ) = γnȲ ρνCxCy

MSE (ȳSP ) = γnȲ
2
{
C2
y + νC2

x (ν + 2K)
}

γn = (1−fn)/n fn = n/N Cx Cy

x y ν = X̄/(X̄ + ρ) K =
ρCy/Cx

Ȳ

ȳSA =
ȳ(X̄ + ρ)

A(x̄+ ρ) + (1−A)(X̄ + ρ)

A

ȳSR A = 1

ȳSJ

ȳSM
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ȳSA ȳSS ȳ =
Ȳ + e0 x̄ = X̄ + e1

ES(e0) = ES(e1) = 0

ES

ȳSS − Ȳ =
e0 −AȲ e1
(X̄ + ρ)

+
A2Ȳ 2

e1

(X̄ + ρ)2
− Ae0e1

(X̄ + ρ)
+ . . .

Bias (ȳSS) = Es (ȳSS)− Ȳ = Ȳ

{
A2Es(e

2
1)

(X̄ + ρ)2
− AEs(e0e1)

(X̄ + ρ)

}

Es(e
2
0) = γnȲ

2C2
y , Es(e

2
1) = γnX̄

2C2
x, Es(e0e1) = γnX̄Ȳ ρCxCy

Bias (ȳSS) = γnȲ
(
A2ν2C2

x −AνρCxCy

)
= γnȲ

{
AνC2

x (Aν −K)
}

MSE(ȳSS) = Es(ȳSS − Ȳ )2

= Es

{
e0 − AȲ e1(

X̄ + ρ
)}2

= Es(e
2
0) +

A2Ȳ 2Es(e
2
1)

(X̄ + ρ)2
− 2AȲ Es(e0e1)

(X̄ + ρ)

= γnȲ
2
(
C2
y +A2ν2C2

x − 2AνρCxCy

)
= γnȲ

2
{
C2
y + νC2

x

(
A2ν − 2AK

)}
A = 1
ȳSR

A A = K/ν = Aopt

A = Aopt

MSE (ȳSS) = γnȲ
2(1− ρ2)C2

y

Bias(ȳSS) = 0 A

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

. . .

n = 2m N
m

ȳ(i)
SS

=
ȳi
(
X̄ + ρ

)
A (x̄i + ρ) + (1−A)

(
X̄ + ρ

) , i = 1, 2,

ȳ(3)
SS

=
ȳ
(
X̄ + ρ

)
A (x̄+ ρ) + (1−A)

(
X̄ + ρ

)
A S =

S1 + S2 S1 S2 m +
ȳ1 ȳ2 ȳ

m n = 2m y
x̄1 x̄2 x̄ m

n = 2m x

Bias
(
ȳ(i)
SS

)
= γmȲ

{
A2ν2C2

x −AνρCxCy

}
, i = 1, 2,

Bias
(
ȳ(3)
SS

)
= γ2mȲ

{
A2ν2C2

x −AνρCxCy

}
= B1(say)

̂̄YSS ′
= (ȳ

(1)

SS + ȳ
(2)

SS)/2
Ȳ ̂̄YSS ′

Bias(̂̄YSS ′
) = γmȲ

{
A2ν2C2

x −AνρCxCy

}
= B2(say)

ȳSJ Ȳ

ȳSJ =
ȳ
(3)
SS −R̂̄YSS ′

1−R

R = B1/B2

E(ȳSJ) =
Ȳ ȳSJ
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Ȳ

MSE = E

⎧⎪⎪⎨⎪⎪⎩
(
ȳ
(3)

SS −R̂̄YSS ′)
(1−R)− Ȳ

⎫⎪⎪⎬⎪⎪⎭
2

= (1−R)−2

{
E(ȳ

(3)

SS − Ȳ )2 +R2E(̂̄YSS ′ − Ȳ )2

− 2RE(ȳ
(3)

ss − Ȳ )(̂̄YSS ′ − Ȳ )

}

E(ȳ
(3)

SS − Ȳ )2 = MSE(ȳ
(3)

SS) = γ2mȲ 2
{
C2
y + νC2

x

(
A2ν − 2AK

)}

E(̂̄YSS ′ − Ȳ )2 = E

⎧⎪⎪⎨⎪⎪⎩
(
ȳ
(1)

SS + ȳ
(2)

SS

)
2

− Ȳ

⎫⎪⎪⎬⎪⎪⎭
2

=
1

4

{
E(ȳ

(1)

SS − Ȳ )2 + E(ȳ
(2)

SS − Ȳ )2

+ 2E(ȳ
(1)

SS − Ȳ )(ȳ
(2)

SS − Ȳ )

}

E(ȳ
(i)

SS − Ȳ )2 = MSE(ȳ
(i)

SS) = γmȲ 2
{
C2
y + νC2

x

(
A2ν − 2AK

)}
, i = 1, 2.

ȳ1 = Ȳ + e
(i)
0 x̄i = X̄ + e

(i)
1 E

(
e
(i)
0

)
= E

(
e
(i)
1

)
= 0

i = 1, 2 E(ȳ
(1)

SS − Ȳ )(ȳ
(2)

SS − Ȳ )
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E(ȳ
(1)

SS − Ȳ )(ȳ
(2)

SS − Ȳ ) = E

{
e
(1)
0 − AȲ e

(1)
1(

X̄ + ρ
)}{e(2)0 − AȲ e

(2)
1(

X̄ + ρ
)}

= E(e
(1)
0 e

(2)
0 )−

AȲ
{
E(e

(2)
0 e

(1)
1 ) + E(e

(1)
0 e

(2)
1 )
}

(
X̄ + ρ

)
+

A2Ȳ 2E(e
(1)
1 e

(2)
1 )(

X̄ + ρ
)2

E(e
(1)
0 e

(2)
0 ) =

−Ȳ 2C2
y

/
N E(e

(1)
1 e

(2)
1 ) = −X̄2C2

x

/
N E(e

(1)
0 e

(2)
1 ) = E(e

(2)
0 e

(1)
1 ) = −X̄Ȳ ρCxCy

/
N

E(ȳ
(1)

SS − Ȳ )(ȳ
(2)

SS − Ȳ ) = − Ȳ 2
{
C2
y +A2ν2C2

x − 2AνρCxCy

}
N

= − Ȳ 2
{
C2
y + νC2

x

(
A2ν − 2AK

)}
N

E(̂̄YSS ′ − Ȳ )2 = Ȳ 2 1

4

[
2

(
1

m
− 1

N

)
− 2

N

] {
C2
y + νC2

x

(
A2ν − 2AK

)}
= γ2mȲ 2

{
C2
y + νC2

x

(
A2ν − 2AK

)}

E(ȳ
(3)

SS − Ȳ )(̂̄YSS ′ − Ȳ ) = E

⎧⎨⎩
(
ȳ
(3)

SS − Ȳ

)⎛⎝ ȳ
(1)

SS + ȳ
(2)

SS

2
− Ȳ

⎞⎠⎫⎬⎭
=

1

2

{
E

(
ȳ
(3)

SS − Ȳ

)(
ȳ
(1)

SS − Ȳ

)
+ E

(
ȳ
(3)

SS − Ȳ

)(
ȳ
(2)

SS − Ȳ

)}
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E(ȳ
(3)

SS − Ȳ )(ȳ
(i)

SS − Ȳ ) = E

{
e0 − AȲ e1(

X̄ + ρ
)}{e(i)0 − AȲ e

(i)
1(

X̄ + ρ
)}

= E(e0e
(i)
0 )−

AȲ
{
E(e

(i)
0 e1) + E(e0e

(i)
1 )
}

(
X̄ + ρ

)
+

A2Ȳ 2E(e1e
(i)
1 )(

X̄ + ρ
)2

i = 1, 2

E(e0e
(i)
0 ) =

γ2mȲ 2C2
y E(e1e

(i)
1 ) = γ2mX̄2C2

x E(e0e
(i)
1 ) = E(e

(i)
0 e1) = γ2mX̄Ȳ ρCxCy

i = 1, 2

E(ȳ
(3)

SS − Ȳ )(ȳ
(i)

SS − Ȳ ) = γ2mȲ 2
{
C2
y + νC2

x

(
A2ν − 2AK

)}
.

MSE(ȳSJ) = (1−R)−2γ2mȲ 2(1 +R2 − 2R)
{
C2
y + νC2

x

(
A2ν − 2AK

)}
= γnȲ

2
{
C2
y + νC2

x

(
A2ν − 2AK

)}
ȳSS

A A = K/ν = Aopt

A = Aopt

MSE(ȳSJ)min = γnȲ
2(1− ρ2)C2

y

ȳSA
ȳSM
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S n
X̄ + ρ+A(xi− X̄) xi

P (i) = i xi =

{
X̄ + ρ+A(xi − X̄)

}{
N(X̄ + ρ)

}
n − 1 N − 1

n

P (s) =

{
X̄ + ρ+A(x̄− X̄)

}{
(X̄ + ρ)NCn

}

E(ȳSM ) = E

[
ȳ(X̄ + ρ)

{X̄ + ρ+A(x̄− X̄)}
]

=

NCn∑
s=1

ȳ(X̄ + ρ)P (s){
X̄ + ρ+A(x̄− X̄)

}
=

NCn∑
s=1

ȳ
NCn

= Es(ȳ) = Ȳ

ȳSM Ȳ
A

E(ȳ2SM ) =

NCn∑
s=1

ȳ2SM .P (s)

=

NCn∑
s=1

ȳ2(X̄ + ρ){
X̄ + ρ+A(x̄− X̄)

}
NCn

= Es

⎡⎣(Ȳ + e0
)2{

1 +
Ae1(
X̄ + ρ

)}−1
⎤⎦

= Ȳ 2 + Es(e
2
0) +

A2Ȳ 2Es(e
2
1)

(X̄ + ρ)2
− 2AȲ Es(e0e1)(

X̄ + ρ
)
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MSE(ȳSM ) = γnȲ
2
{
C2
y + νC2

x

(
A2ν − 2AK

)}
= MSE(ȳSS) = MSE(ȳSJ) = MSE(ȳSA)

A A = K/ν =
Aopt A = Aopt

MSE(ȳSM )min = γnȲ
2(1− ρ2)C2

y

= MSE(ȳSS)min = MSE(ȳSJ)min = MSE(ȳSA)min

A = K/ν = Aopt

MSE(ȳ)−MSE(ȳSA)min = γnȲ
2ρ2C2

y � 0

MSE(ȳR)−MSE(ȳSA)min = γnȲ
2 (Cx − ρCy)

2 � 0

MSE(ȳP )−MSE(ȳSA)min = γnȲ
2 (Cx + ρCy)

2 � 0

MSE(ȳSR)−MSE(ȳSA)min = γnȲ
2 (νCx − ρCy)

2 � 0

MSE(ȳSP )−MSE(ȳS)min = γnȲ
2 (νCx + ρCy)

2 � 0

ȳR = ȳX̄/x̄ ȳP = ȳx̄/X̄ ȳlr = ȳ + b(X̄ − x̄)

A = K/ν =
Aopt

ȳ ȳSR ȳSP ȳP ȳR
ȳ ȳSR ȳSP ȳP ȳR ȳlr
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ȳ ȳR ȳP ȳlr ȳSP ȳSR
ȳSM
ȳSJ

ȳ)

Ȳ = 1467.545 X̄ = 22.62 Cx = 1.460904 Cy = 1.7459 ρ = 0.9022

ȳ ȳR ȳP ȳSP ȳSR ȳlr

γn
ȳ

ȳlr
ȳlr
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