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t = β + α
√
β
√
tΦ(− )(F ),

t

P =
√
tΦ(− )(F ),

t y = ax + b

P

t = β + α
√
βP,

tn, ...t n

P i =
√

(ti)Φ(F (ti)) Pi ti

BS

β α

b a

β̂ = â , α̂ =
b̂√
â
,

b a

a a b

b α

{a ≤ a ≤ a, b ≤ b ≤ b} =⇒ {α ≤ α ≤ α}

FT (t;α, β) = Φ(
α
[(
t

β
)( ) − (

β

t
)( )]); t > , α, β >

α β Φ(.)

β
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β̂ β r = k( )

β − β[ n∑n
i= t−i

+ n∑n
i= (β+ti)−

+

n∑n
i= t−i

[ n∑n
i= (β+ti)−

+
∑n

i= ti
n ] = ,

β − β[ r + k(β)] + r[s+ k(β)] = ,

α

α̂ = [
s

β̂
+

β̂

r
− ] / ,

α̂ β̂




α̂

β̂


 ∼ N







α

β


 ,




α
n

β
n( +α− +I(α))





 ,

I(α) =

∫ ∞
{[ + ξ− (αz)]− − } dΦ(z),

ξ(t) = t / − t− / ,

f(t;α, β) = (αβ)− ( π)− / ξ′(
t

β
)exp[−( α )− ξ (

t

β
)].

β α

∂

∂α
lnf(t;α, β) = α− {α− [(

t

β
) + (

t

β
)− − ]− },

∂

∂β
lnf(t;α, β) = β− {− − + − α− ×[( t

β
)+(

t

β
)− ]+[(

t

β
)+ ]− },

G (t;α, β) G (t;α, β)

z = t

t = α− ξ(t/β)

ξ ξ− βξ− (αz)

P [α ≤ α ≤ α] ≥ P [a ≤ a ≤ a, b ≤ b ≤ b]

≥ − P [{a ≤ a ≤ a}c]− P [{b ≤ b ≤ b}c]

= ( − γ − γ )

( − γ − γ )

α

[α, α] = [
b√
a
,
b

a
]

[b, b] [a, a]

a ( − γ ) ( − γ )

b

BS

MLE

MLE

tn, .., t

pdf BS n

fT (t) = √
π
exp(−

α
[
t

β
+

β

t
− ])

t− [t+ β]

α
√
β

,

s = /n
n∑

i=

ti, r = [ /n
n∑

i=

t−i ]−

k

k(x) = [ /n

n∑

i=

(x+ ti)
− ]− ;x >
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β α

β α

√

√

β

T ∼ BS(α, β)

X = [(
T

β
) / − (

T

β
)− /

T = β( + X + X( +X ) ).

T

FT (t;α, β) = Φ(
α
[(
t

β
) / − (

β

t
) / ]); t > , α, β >

X

α

E(T ) = β( + α )

V ar(T ) = (αβ) ( + α ),

T− β α BS T

β− α BS

BS

E(T− ) = β− ( + α )

G (ξ− (αz);α, ) G (t;α, β) G (t;α, β)

β− G (ξ− (αz);α, )

j = , i = , Bij(α, β) = E[Gi(t;α, β)Gj(t;α, β)]

α β̂ α̂

‖nBij(α, β)‖− β

B (α, β) = α− E(Z − ) = α− .

z β α

G (t;α, β)G (t;α, β) = β− G (ξ− (αz);α, )G (ξ− (αz);α, )

B (α, β) = B (α, β) =

B (α, β) =

∫ ∞
G (t;α, β)f(t;α, β)dt

B (α, β) = β− [ / + α− + I(α)]

I(α) =

∫ ∞
{[ + ξ− (αz)]− − } dΦ(z)

‖nBij(α, β)‖− =




α
n

β
n( +α− +I(α))




α β̂ α̂

α β
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Σ =




σ σ

σ σ




σ = V ar(T ) = (αβ) ( + α ),

σ = σ = Cov(T, T− )

= E( )− E(T )E(T− ) = − ( + α )

σ = V ar(T− ) = α β− ( + α ),




α̃

β̃


 =




f (S,R)

f (S,R)




f (x, y) = { [(
x

y
) / − ]} / , f (x, y) = (xy) /

√
n




α̃− α

β̃ − β


 ∼ N








 , Σ̃




Σ̃ =




∂f
∂x

∂f
∂y

∂f
∂x

∂f
∂y


Σ




∂f
∂x

∂f
∂y

∂f
∂x

∂f
∂y




∣∣∣∣∣∣∣
x=E(T ),y=E(T− )

,

=




α /

(αβ)
(

+α /

( + α )

)




∂f
∂x

∣∣∣
x=E(T ),y=E(T− )

= αβ ,

∂f
∂y

∣∣∣
x=E(T ),y=E(T− )

= β
α ,

∂f
∂x

∣∣∣
x=E(T ),y=E(T− )

= +α ,

∂f
∂y

∣∣∣
x=E(T ),y=E(T− )

= − β
+α ,

V ar(T− ) = α β− ( + α ),

s = β( + α )

r− = β− ( + α )

β α

β̃ α̃

α̃ = { [( sr )
/ − ]} /

β̃ = (sr) / .

β̃ α̃



α̃

β̃


 ∼ N







α

β


 ,




α
n

(αβ)
n

(
+α /

( + α )

)





 ,

β̃ α̃

Tn, ..., T , T

R S BS

S =
n

n∑

i=

Ti, R = [
n

n∑

i=

Ti
− ]− ,

R− S

E(T− ) E(T )

R− S

aS + bR− =
n

n∑

i=

[aTi + bTi
− ],

b a

(S R− )′

√
n




S − E(T )

R− − E(T− )


 ∼ N








 ,Σ



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α R gmbs() BS

β

n =

R bs

β α

β α

α̂ β̂ R

BS

R =

R

n −

k s r tj

s(j) = n−
∑n

i= ,i6=j tj =
ns−tj
n− ,

r(j) =
[
n−

∑n
i= ,i6=j t

−
j

]−
=

nr−tj
−

n− ,

k(j)(x) =
[
n−

∑n
i= ,i 6=j (x+ tj)

−
]−

=
nk(x)−(x+tj)

−

n− ,

β̂j

β − β[ r(j) + k(j)(β)] + r(j)[s(j) + k(j)(β)] = ,

α̂(j) =

[
s(j)

β̂j

+
β̂j

r(j)
−

]

α̃(j) =
{ [

s(j)
r(j)

) / −
]} /

,

β̃(j) = (s(j)r(j))
/

β̂(.) = n

∑n
j= β̂(j), α̂(.) = n

∑n
j= α̂(j),

β̃(.) = n

∑n
j= β̃(j), α̃(.) = n

∑n
j= α̃(j),

α̂J = nα̂− (n− )α̂(.), β̂J = nβ̂ − (n− )β̂(.),

β α

α̃J = nα̃− (n− )α̃(.), β̃J = nβ̃ − (n− )β̃(.),

R bs
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R

α̂ β̂ [α, α] [β, β] R

II

h (x) = + / x
( + / x )

α

α

α

α n

α

n = , n

α

α

β α

R bs

α = n = , , , ,

β , , , ,

β

( − γ)

β α
(
α̂[

zγ/√
n
+ ]− , α̂[

z
−γ/√

n
+ ]−

)
,

(
β̂[

zγ/√
nh (α̂)

+ ]− , β̂[
z
−γ/√
nh (α̂)

+ ]−
)
,

zP h (x) = +x− +I(x)

( −γ)

β α

(
α̃[

zγ/√
n
+ ]− , α̃[

z
−γ/√

n
+ ]−

)
,

(
β̃[

zγ/√
nh (α̃)

+ ]− , β̃[
z
−γ/√
nh (α̃)

+ ]−
)
, [
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β =

α α β
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