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X1, X2, . . .

X Xk

X1, X2, . . . , Xk−1

{Tn, n � 0}

T0 = 1 1, Tn = min
{
i : Xi > XTn−1

}
n � 1.

{Rn = XTn , n = 0, 1, . . . }
X1

n+1 R0, R1, . . . , Rn

Fθ(x)
fθ(x) θ

n+1

fR (r) = fθ (rn)

n−1∏
i=0

fθ (ri)

1− Fθ (ri)
, r0 < r1 < · · · < rn,

R = (R0, R1, . . . , Rn) r = (r0, r1, . . . , rn)

n
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X
θ = (τ,λ) τ λ

x X
τ T (X;x; τ)

T (X;x; τ)

T (X;x; τ) X = x T (x;x; τ)
λ T (x;x; τ) = τ
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T (X;x; τ) τ
Tδ δ T (X;x; τ)

(Tγ/2, T1−γ/2) 100(1 − γ)% τ
x T (X;x; τ)

H0 : τ � τ0 vs. H1 : τ > τ0,

τ0 T ∗(X;x; τ)

T ∗(X;x; τ) X = x

T ∗(X;x; τ)
τ x

λ

T ∗(X;x; τ)

t∗ = T ∗ (x;x; τ0) T ∗(X;x; τ)

(X; τ) = (x; τ0)

p = P (T ∗ (X;x; τ0) � t∗) ,

T ∗(X;x; τ) τ

T ∗ (X;x; τ) = T (X;x; τ) − τ T (X;x; τ)
H0

γ

α β

F (x) = 1− e−(
x
α)

β

, x > 0, α > 0, β > 0,
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f (x) =
β

αβ
xβ−1e−(

x
α)

β

, x > 0.

Y = log(X)
b = 1

β a = log(α) X
α β

Ri = (Ri0, Ri1, . . . , Rini) i = 1, 2

αi βi
π = β1

β2

H0 : π � π0 vs. H1 : π > π0,

H0 : π = π0 vs. H1 : π �= π0,

π0
Ri

fRi(ri) =
βni+1
i

α
βi(ni+1)
i

e
−
( rini

αi

)βi ni∏
j=0

rβi−1
ij , 0 < ri0 < ri1 < · · · < rini,

ri = (ri0, ri1, . . . , rini)
(
Rini ,

∏ni
j=0Rij

)
(αi, βi) αi βi

β̂i =
ni + 1∑n

i=0 log
(
Rini
Rij

) , α̂i =
Rini

(ni + 1)
1

β̂i

.

β1 = β2 = β
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fR1,R2(r1, r2) =
βn1+n2+2

α
β(n1+1)
1 α

β(n2+1)
2

e
−
( r1n1

α1

)β−
( r2n2

α2

)β n1∏
j=0

rβ−1
1j

n2∏
h=0

rβ−1
2h .

(
R1n1 , R2n2 ,

∏n1
j=0R1j

∏n2
h=0R2h

)
(α1,

α2, β) α1 α2 β

β̂ =
n1 + n2 + 2∑n1

j=0 log
(
R1n1
R1j

)
+

∑n2
j=0 log

(
R2n2
R2j

) , α̂i =
Rini

(ni + 1)
1

β̂

i = 1, 2.

π

Wi (βi) =

∑ni
j=0R

βi
ij

(ni + 1)
(∏ni

j=0Rij

) βi
ni+1

, i = 1, 2.

Wi(βi)
βi Wi (βi) αi

βi Wi(βi)

W ∗
i =

∑ni
j=0R

∗
ij

(ni + 1)
(∏ni

j=0R
∗
ij

) 1
ni+1

,

R∗
i0, R

∗
i1, . . . , R

∗
ini

Wi(βi)

i (βi) =

∑ni
j=0 r

βi
ij

(ni + 1)
(∏ni

j=0 rij

) βi
ni+1

−
∑ni

j=0R
∗
ij

(ni + 1)
(∏ni

j=0R
∗
ij

) 1
ni+1

,

rij Rij i = 1, 2 j = 0, 1, . . . , ni R∗
i0, R

∗
i1, . . . ,

R∗
ini
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Ti

βi

i (βi) = 0, i = 1, 2.

Ti

Ti βi

R̄∗
i = 1

ni+1

∑ni
j=0R

∗
ij Ḡ∗

i =
(∏ni

j=0R
∗
ij

) 1
ni+1

i = 1, 2

R∗
i0, R

∗
i1, . . . R

∗
ini

Ḡ∗
i < R̄∗

i

lim
βi→0

i (βi) = 1− Ḡ∗
i

R̄∗
i

< 0, lim
βi→∞ i (βi) = ∞.

i(βi) βi
Ti

Ti βi αi

Ti

G =
T1

T2
.

G π

G∗ = G− π.

G∗ FG∗(x) = FG(x+π) FG(·)
G

FG∗(x) π G∗

π

p = P (G∗ < 0|π0) = P (G < π0),

p = 2min {P (G < π0), P (G > π0)} ,
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β1 − β2 H = T1 − T2

π = β1/β2
α1 = α2 = 1

β1 β2

ri0, . . . , rini i = 1, 2

R∗
i0, . . . , R

∗
ini

i(βi) i = 1, 2 Ti

G = T1/T2

M = 10, 000 G1, . . . ., GM

Gl G(1), . . . , G(M) 100(1 − γ)%
π

[
G(γM/2), G((1−γ/2)M)

]
Dl = 1 G(γM/2) <

β1

β2
< G((1−γ/2)M) Dl = 0

N = 10000
1
N

∑N
l=1Dl
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β2 = 2 β1 n1 n2

n1 n2

β1

β1 n1

n2

β1 n2

n1

β1

n1, n2 0.5 1.0 1.2 1.5 2.0 3.0 5.0
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β̂1 = 0.5990
β̂2 = 0.5639 α̂1 = 2.8303, α̂2 = 2.1822

s.e.(β̂1) = 0.2264 s.e.(β̂2) = 0.2820 s.e.(α̂1) = 3.9072,
s.e.(α̂2) = 3.3074

π = β1/β2 (0.2550, 4.9537)
β1−β2 (−0.7849,

0.7283)
H0 : β1 = β2 H1 : β1 �= β2

π0 = 1

β1 = β2 = β
β̂ = 0.5857 α̂1 = 2.6297 α̂2 = 2.3916

s.e.(β̂) = 0.1766 s.e.(α̂1) = 3.1333, s.e.(α̂2) = 2.6609
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Pr(X < Y )



. . .

©


