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F (x; θ, c) = ( + x−c)−θ, x > , θ > , c > ,

f(x; θ, c) = θcx−(c+ )( + x−c)−(θ+ ) x > , θ > , c > .

c θ

c
c θ

X , . . . , Xn n

L(θ, c) =

n∏
i=

f(xi; θ, c) = (θc)n
n∏

i=

x
−(c+ )
i ( + x−c

i )−(θ+ ).

lnL(θ, c) = n ln θ + n ln c− (c+ )

n∑
i=

lnxi − (θ + )

n∑
i=

ln( + x−c
i ),
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θ c

∂ lnL(θ, c)

∂θ
=

n

θ
−

n∑
i=

ln( + x−c
i ) = ,

∂ lnL(θ, c)

∂c
=

n

c
−

n∑
i=

lnxi + (θ + )

n∑
i=

x−c
i lnxi

+ x−c
i

= .

θ c θ̂(c)

θ̂(c) =
n∑n

i= ln( + x−c
i )

.

θ̂(c) c

g(c) = lnL{θ̂(c), c}

= K + n ln c− (c+ )

n∑
i=

lnxi −
n∑

i=

ln( + x−c
i )

− n ln

[
n∑
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ln( + x−c
i )

]
,

K c ĉMLE

c

h(c) = c,

h(c)

h(c) =

⎡⎢⎣−
n

n∑
i=

lnxi

+ x−c
i

−

∑n
i=

x−c
i lnxi

+x−c
i∑n

i= ln( + x−c
i )

⎤⎥⎦
−

.

ĉMLE

θ θ̂MLE

θ̂MLE = θ̂(ĉMLE)



c
c θ

c

X ,X , . . . ,Xn n
X( ) < X( ) < · · · < X(n)

Y(i) = − lnF [X(i)] = θ ln[ + X−c
(i) ] i = , . . . , n

Y(n) < Y(n− ) < · · · < Y( )

⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩

S = nY(n)
S = (n− )(Y(n− ) − Y(n))

S = (n− )(Y(n− ) − Y(n− ))

Sn = Y( ) − Y( ).

S , S , . . . , Sn

V = S = nY(n),

U =

n∑
i=

Si =

(
n∑

i=

Y(i) − nY(n)

)
,

n−
U V

T =
U/( n− )

V/
=

U

(n− )V
=

∑n
i= Y(i) − nY(n)

n(n− )Y(n)
,

T = U + V =

n∑
i=

Y(i).

T F n −
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T n
T T

c
c θ

x( ) < · · · < x(n)

T (c) =

∑n
i= ln

{
+ x−c

(i)

}
− n ln

{
+ x−c

(n)

}
n(n− ) ln( + x−c

(n))
.

T (c) c c >

x(n) � t > T (c) = t
c >

x(n) < < t < n(n− )

∑n−
i=

lnx(i)

lnx(n)
− n

T (c) = t c >

T (c)

T (c) =
n(n− )

n−∑
i=

ln
{

+ x−c
(i)

}
ln

{
+ x−c

(n)

} −
n
.

ln{ + x−c
(i)}/ ln{ + x−c

(n)}
c x(i) < x(n); i = , , . . . , n−

T (c) c
x(n) � T (c) c

lim
c→

T (c) = ,

lim
c→∞

T (c) = ∞.

t > T (c) = t c >
x(n) < T (c) c

lim
c→

T (c) = ,



lim
c→∞

T (c) =
n(n− )

n−∑
i=

lnx(i)

lnx(n)
−

n
.

< t < n(n− )

∑n−
i=

lnx(i)

lnx(n)
− n

T (c) = t c >

F(α)(υ ,υ ) F
α υ υ

c

X(i), i = , , . . . , n,
< α <(

ϕ
(
X( ), . . . , X(n), F( −α )( n− , )

)
, ϕ

(
X( ), . . . , X(n), F(α )( n− , )

))
( − α)% ϕ(X( ), . . . , X(n), t)

∑n
i= ln

{
+X−c

(i)

}
− n ln

{
+X−c

(n)

}
n(n− ) ln

{
+X−c

(n)

} = t.

T (c) =

∑n
i= Y(i) − nY(n)

n(n− )Y(n)

=

∑n
i= ln

{
+X−c

(i)

}
− n ln

{
+X−c

(n)

}
n(n− ) ln

{
+X−c

(n)

} ,

n −
T c T (c) = t

c > < α <

F( −α )( n− , ) <

∑n
i= ln
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(i)

}
− n ln
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}
n(n− ) ln
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(n)

} < F(α )( n− , ),
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ϕ
(
X( ), . . . , X(n), F( −α )( n− , )

)
< c < ϕ

(
X( ), . . . , X(n), F(α )( n− , )

)
.

T (c)
H : c = c

(c, θ)

c θ
χ(α,υ) χ

α υ (c, θ)

X(i), i = , , . . . , n,
( − α)%

c θ

ϕ

(
X( ), . . . , X(n), F

(
+
√

−α
)
( n− , )

)
<

c < ϕ

(
X( ), . . . , X(n), F

(
−
√

−α
)
( n− , )

)
,
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+
√

−α , n
)
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{
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(i)

} < θ <
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−
√
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)

∑n
i= ln

{
+X−c

(i)

} ,

< α < ϕ(X( ), . . . , X(n), t) c∑n
i= ln

{
+X−c

(i)

}
− n ln

{
+X−c

(n)

}
n(n− ) ln

{
+X−c

(n)

} = t.

T =
n∑

i=

Yi = θ
n∑

i=

ln( +X−c
(i) ),

χ n
T < α <



P [F(
+
√

−α
)
( n− , )

< T < F(
−
√

−α
)
( n− , )

] =
√

− α,

P

[
χ(

+
√

−α , n
) < T < χ(

−
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−α , n
)
]
=

√
− α.

P

[
F(

+
√

−α
)
( n− , )

< T < F(
−
√

−α
)
( n− , )

,

χ(
+
√

−α , n
) < T < χ(

−
√

−α , n
)
]

= − α,

P

[
ϕ

(
X( ), . . . , X(n), F

(
+
√

−α
)
( n− , )

)
< c < ϕ

(
X( ), . . . , X(n), F

(
−
√

−α
)
( n− , )

)
,

χ(
+
√

−α , n
)

∑n
i= ln

{
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(i)

} < θ <
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−
√

−α , n
)

∑n
i= ln

{
+X−c

(i)

}]

= − α.
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G(y; c, θ) =
(

+ e−cy
)−θ

, −∞ < y < ∞, c > , θ > ,

g(y; c, θ) = c θ
(

+ e−cy
)−θ−

e−cy, −∞ < y < ∞, c > , θ > ,

Y c θ
X = eY c θ

c
θ

X = eY

c θ ĉ = θ̂ =
% c

F ( , ) = , F ( , ) = .

%
c ( , )



% c θ

F ( , ) = , F ( , ) = ,

χ ( ) = , χ ( ) = .

% c θ

< c < ,

∑n
i= ln{ + x−c

(i)}
< θ < ∑n

i= ln{ + x−c
(i)}

.
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% c ( , )
% c θ

< c < ,
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i= ln{ + x−c
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.
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