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�©3Pareto©Ùe�Ä
¶-êâ���dÚO©Û. ÏLÚ\9ÏCþ5�x����Ï,

l{zq,¼ê, ¿¦^��d!õ���d±9²���dn«�{5�Oëê, ,�ÏL��

¢~5'�n«�{�`�, ��?Ø
;�k�©Ù¥�ëêÀ���{.

'�c: Pareto©Ù, ¶-êâ, ��d©Û.

Æ�©aÒ: O212.8.

§1. Ú ó

�ÄdJ�Ü�|¤�GéXÚ, ^�ÅCþXjL«XÚ¥1j�Ü��Æ·, j =

1, 2, . . . , J . b�Xj , j = 1, 2, . . . , J�pÕá, Xj��Ý¼ê�fj(·|θj), Ù¥θj = (θj1, θj2,

. . . , θjdj ) ∈ Θj ⊆ Rdj . PXj�)�¼ê�Rj(t|θj) = P(Xj > t|θj) =
∫∞
t fj(x|θj)dx. 3�

�5ÚO¥, )�¼ê�¡��Ý¼ê. d	, b�ëêθ1,θ2, . . . ,θJ�Ø�Ó. Pθ = (θ1,

θ2, . . . ,θJ), Kθ ∈ Θ ⊆ Rd, Ù¥d =
J∑
j=1

dj . PT = min{X1, X2, . . . , XJ}, KTÒ�TG

éXÚ�Æ·. ·�^fT (t|θ)ÚRT (t|θ)©OL«T��Ý¼êÚ��Ý¼ê. �éGéX

Ú�Æ·Á��, Ø
U
*ÿ�XÚ����m	, 3n��G�e�UuÿÑ´=�

Ü���XÚ��. P�ÅCþKL«��XÚ���Ü��?Ò, 3{1, 2, . . . , J}¥��.

K = jL«1j�Ü���XÚ��. Xj , j = 1, 2, . . . , J�m�pÕá9�Ý�ëY5�

y
K�U3{1, 2, . . . , J}¥��ü��, Ï�õ�Ü�Ó���XÚ���VÇA�?

?�0. �´, duÃõ�Ï(X"�uÿ�����, �mÚ¤^���, uÿ��¬�5

�»��), °(���ÅnK  *ÿØ�, ��/, �´*ÿ��
�U���Ån(8

Ü). ¡ù«8Ü����Åf8(minimum random set), P�M , ��Guess�(1991). e

¡Þ��~f5��*/
)¶-êâ�/ª.

~ 1 L1êâ5guReiser�(1995), Têâ´é682�IBM>M�Åg��Á�

���. ��>M�w¤��GéXÚ, ��>M���Ì�´n�Ü�: Ì�(mother

board)!1°(disc drive)Ú>(power supply), ©OP�Ü�1!2Ú3.
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268 A^VÇÚO 1n��ò

L1 IBM>MÜ���êâ∗

���m(��) 1 1 1 1 16 17 21 222

��Ån {1} {1} {1,3} {1,2,3} {3} {2,3} {2} {2}
∗ 348�����XÚ367����ª�Á�, 246�����XÚ3200����

ª�Á�, 26�����XÚ3800����ª�Á�954�����XÚ34000�

���ª�Á�.

L1¤��êâÒ´¶-êâ. ~X13�*ÿ�, Ù���m�1��, ��Ån�

{1, 3}, ù`²ØU(½´Ü�1�´Ü�3��XÚ��, �´�±(½�½´Ü�1½ö

Ü�3��XÚ��.

PC�*ÿ�´Ä���êâ: C = 0���êâ; C = 1K���êâ. b�én�

GéXÚ?1Á�, *ÿ��êâ�(t1,M1,C1), . . . , (tn,Mn,Cn), Ù¥Mi ∈ {1, 2, . . . , J},
i = 1, 2, . . . , n. K��Ñq,¼ê�

L(θ|(ti,Mi,Ci), i = 1, 2, . . . , n)

=
n∏
i=1

{[ ∑
j∈Mi

P(M = Mi|T = ti,K = j)hj(ti|θj)
]Ci J∏

k=1

Rk(ti|θk)
}
. (1.1)

Ï~/, ¡P(M = M0|T = t,K = j)�¶-VÇ. e∀ j1, j2 ∈M0, k

P(M = M0|T = t,K = j1) = P(M = M0|T = t,K = j2) ≡ p(M0), (1.2)

=, ¶-VÇ�XÚ����mÚ��ÅnÑÃ', Kq,¼ê(1.1)�{z�

L(θ|(ti,Mi,Ci), i = 1, 2, . . . , n) =
n∏
i=1

{[
p(Mi)

∑
j∈Mi

hj(ti|θj)
]Ci J∏

k=1

Rk(ti|θk)
}

∝
n∏
i=1

{[ ∑
j∈Mi

hj(ti|θj)
]Ci J∏

k=1

Rk(ti|θk)
}
. (1.3)

¡¶-VÇ÷v(1.2)�b��é¡5b�. �´dué¡5b��r, �5k�
©z�

°
Tb�. ~X, e¡�b�

P(M = M0|T = t,K = j) = P(M = M0|K = j) = pj(M0), (1.4)

=, ¶-VÇ�XÚ����mÃ', ����Ånk'. Kù3�½§Ýþ�°
é

¡5b�. I��Ñ�´, ¶-VÇ3(1.4)�b�e´k�å^��. PM�8Ü{1, 2,

. . . , J}¤k��f8�8Ü, ±9Mj = {M0 ∈ M : j ∈ M0}. 3K = j�^�e, du

M0��U3Mj¥��, Ïdpj(M0) = P(M = M0|K = j) = 0, ∀M0 ∈ M c
j = M −Mj .

3(1.4)�b�e, ¶-VÇ��å^��∑
M0∈M

pj(M0) =
∑

M0∈Mj

pj(M0) = 1, j = 1, 2, . . . , J. (1.5)
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1nÏ oæ= MS	: Pareto©Ùe¶-êâ���dÚO©Û9ÙA^ 269

¶-VÇ�ëê�ê�kJ(2J−1 − 1)�. �,3J = 2�, ¶-VÇ�ëê�ê�k2�,

�J = 4�, ¶-VÇ�ëê�êÒk28�. Ïd�J > 2�, �O�.¥ëê�JÝò¬�

�O\.

éu¶-êâ�¯K, �@dFriedmanÚGertsbakh (1980)JÑ¦^4�q,{?1

©Û. 3þVlÊ�c�, �
Æö�Ì�ó�´�éäN�©Ù?Øëê4�q,

{�wª)9«m�O, �Mayakawa (1984), UsherÚHodgson (1988), Lin�(1993, 1996).

3��d�{�¡, ��)
éõ¤J. ���J�´, BergerÚSun (1993)�éPoly-

Weibull©ÙJÑ
Ú\9ÏCþ�g�, 3�VÇb�e, éÐ/)û
��¶-êâ

�ÚO©Û¯K. d�éõÆö3BergerÚSun (1993)�Ä:þ�
�
í2, �Mukhop-

adhyayÚBasu (1997), Basu� (1999). #V�, éõÆö�ó�8¥3N��K�VÇ

b�. KuoÚYang (2000)3b�kü�Ü��GéXÚ¿�Ü��Æ·Ñl�ê½ö%Ù

�©Ù�, JÑü«ØÓ�¶-VÇ�., �«´b�¶-VÇ��mÃ', ,�«´b

�¶-VÇ´�m��ê4~¼ê. 3b�¶-VÇ��mÃ'�, Basu�(2003)JÑ


�����d©Ûµe�±^5©ÛØÓ��a.�¶-êâ; Mukhopadhyay (2006)^

9ÏCþ�g�JÑEM�{��ëê��O; XuÚTang (2009) ?Ø
¶-êâ�&E

��±9�ëê�À�éëê�O�K�. �¶-êâ�k�Cþ&E�, Sen�(2010)À

J'~���.5�xÏCþ��Cþ�m'X, ¿�^��d�{�O�.¥�ëê.

Xu�(2014)3Ú?Aå\�Æ·Á�eJÑõ���d�{5©Û¶-êâ.

XuÚTang (2009)3J = 2��Ä
Pareto©Ù¶-êâ���dÚO©Û, �´�^


��d�{5©Û
¶-êâ. �©ò3b�(1.4)eé���¹(J > 2)?ØPareto©Ù

¶-êâ���dÚO©Û, JÑn«��d�{?n¶-êâ, ¿3¢Sêâ©Û¥'

�
ùn«�{�`�. 1�!Äk�Ñ
Pareto©Ùe¶-êâ�q,¼ê±9Ú\�

9ÏCþ, ,�^��d!õ���d±9²���d��{5�O�.¥�ëê, ¿�

Ñ�Oëê�GibbsÄ�Ú½; 31n!¥^ùn«�{©Û
Reiser�(1995)�~f, ¿

'�
ùn«�{�`�; ��?Ø
;�k�©Ù¥�ëêÀJ��{.

§2. ��dÚO©Û

duÙþ�5, Pareto©Ù37K�x1�A^'�2�, �,3��5ÚO�¥�

k�½�A^. LindleyÚSingpurwalla (1986)�ÑPareto©Ù�±éÐ/�x�ÅCz�

�¸. Pareto©Ù��Ý¼êÚ��Ý¼ê©OäkXe/ª:

f(t|λ, τ) =
λ

τ

(τ
t

)λ+1
, t > τ, τ > 0; R(t|λ, τ) =

(τ
t

)λ
. (2.1)

·�ò���ÅCþTÑlPareto©Ù{P�: T ∼ Pa(τ, λ), Ù¥τ��Ýëê, λ�/G

ëê. Ïd, é��J�Ü��GéXÚ, e1j�Ü��Æ·ÑlPa(τj , λj), �Ü��m�
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270 A^VÇÚO 1n��ò

pÕá, KTXÚ3��t���Ý¼êÚ��Ç¼êÒ©O�

R(t) =
J∏
j=1

(τj
t

)λj
, t > max(τ1, τ2, . . . , τJ); h(t) =

J∑
j=1

λj
t
. (2.2)

b�én�GéXÚ?1Á�, *ÿêâ�(ti,Mi,Ci), i = 1, 2, . . . , n, d(1.1)��, q

,¼ê�

L((θ,p)|(ti,Mi,Ci), i = 1, 2, . . . , n) =
n∏
i=1

{[ ∑
j∈Mi

λjpj(Mi)/ti

]Ci J∏
j=1

(τj
ti

)λj}
∝ exp

{ J∑
j=1

λj(n log τj − lt)
} n∏
i=1

[ ∑
j∈Mi

λjpj(Mi)
]Ci

,

Ù¥p��pØÓ�pj(Mi), j = 1, 2, . . . , J, i = 1, 2, . . . , n�8Ü, lt =
n∑
i=1

log ti.

Ú\9ÏCþZi=(Zi1, Zi2, . . . , ZiJ), i=1, 2, . . . , n, Ù¥Zij = 0, j /∈ Mi; Zij = I(Xj

= ti), j ∈ Mi, I(·)�«5¼ê. KÄu“��êâ”(t,Z,M ,C ) = {(ti, Zi,Mi,Ci), i = 1, 2,

. . . , n}, q,¼ê�{z�

L((θ,p)|(t,Z,M ,C ) ∝ exp
{ J∑
j=1

λj(n log τj − lt)
} n∏
i=1

∏
j∈Mi

[λjpj(Mi)]
ZijCi

= exp
{ J∑
j=1

λj(n log τj − lt)
} n∏
i=1

J∏
j=1

[λjpj(Mi)]
ZijCi , (2.3)

Ù¥½Â00 = 1.

2.1 ��d�{

duGamma©Ù´^��Ýk�, Ïdéλj , À�Gamma©ÙΓ(aj , bj)��Ùk�.

éτj , ·�À�ü«k�: Ã&Ek�Ú^��Ýk�, =,

τj ∝ 1/τj½ τj |λj ∝ λjd
−cjλj
j τ

cjλj−1
j , j = 1, 2, . . . , J.

d
∑

M0∈Mj

pj(M0) = 1�Mj¥�k2J−1��¹j�8Ü, ·��pj = {pj(M0) : M0 ∈Mj}À

�2J−1��Dirichletk�, =pj ∼ D(αj), Ù¥ëêαj�2J−1���þ. d(2.3)�, Dirich-

letk��pj��Ýk�.

�τj ∝ 1/τj , j = 1, 2, . . . , J�, ëê�÷^���©Ù�

P(Zi = ej |(t,Z,M ,C )/Zi,ψ) =
λjpj(Mi)∑

k∈Mi

λkpk(Mi)
, j ∈Mi,

pj |(t,Z,M ,C ),ψ/pj ∼ D(·),

λj |(t,Z,M ,C ),ψ/λj ∼ Γ
( n∑
i=1

ZijCi + aj , lt− n log τj + bj

)
,

τj |(t,Z,M ,C ),ψ/τj ∼ GU(nλj − 1, 0, t(j1)), j = 1, 2, . . . , J,

(2.4)
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1nÏ oæ= MS	: Pareto©Ùe¶-êâ���dÚO©Û9ÙA^ 271

Ù¥ψ = (θ,p), ej�1j����1, Ù¦���0�J��þ; GU(a, b, c)L«ëê�a, bÚc

�2Âþ!©Ù, Ù�Ý¼ê�(a + 1)xa/[ca+1 − ba+1], b < x < c, a > 0, t(j1)�*ÿ�

XÚ��5gÜ�j����m���gSÚOþ. ùp·����pj���÷^�©Ù

�Dirichlet©Ù, äNëê����â*ÿêââU²(�Ñ.

�τj |λj ∝ λjd
−cjλj
j τ

cjλj−1
j , j = 1, 2, . . . , J�, ëê�÷^���©Ù�

P(Zi = ej |(t,Z,M ,C )/Zi,ψ) =
λjpj(Mi)∑

k∈Mi

λkpk(Mi)
, j ∈Mi,

pj |(t,Z,M ,C ),ψ/pj ∼ D(·),

λj |(t,Z,M ,C ),ψ/λj ∼ Γ
( n∑
i=1

ZijCi + aj + 1, βj

)
,

τj |(t,Z,M ,C ),ψ/τj ∼ GU((n+ cj)λj − 1, 0, t(j1)), j = 1, 2, . . . , J,

(2.5)

Ù¥βj = lt+ cj log dj + bj − (n+ cj) log τj .

GibbsÄ�Ú½Xe:

1. �½ψ�Ð�;

2. �â÷^���©Ù(2.4)½(2.5)Ä�ëê���;

3. E1�Ú��Âñ.

2.2 õ���d�{

õ���d�{Ò´rk�¥��ëêw��ÅCþ, À�©Ù¼ê���ëê�k

�. ~X3��d�{¥, ·�À�
Gamma©ÙΓ(aj , bj)��λj�k�, 3õ���d�

{¥, ��±�aj , bj�½k�©Ù. äN¦^�{��e�!�¢~©Û.

2.3 ²���d�{

²���d�{Ù¢´�«üÚ{. 31�Ú¥, Äu*ÿêâ�OÑk�¥��ë

ê. ~X3��d�{¥À�
Γ(aj , bj)��λj�k�, K�Äu*ÿêâ(ti,Mi,Ci), i =

1, 2, . . . , n^4�q,{!EM�{��OÑ(aj , bj), P�(âj , b̂j). ù�λj�k�Ò�(½

�Γ(âj , b̂j). 31�Ú�\(½Ð�k�©Ù?1��dÚO©Û.

§3. ¢~©Û

ù�!òéÚó¥�~f?1©Û. ù�~f�@dReiser�(1995)JÑ. ¦�é¶

-VÇ�
é¡5b�, ¿�b½Ü��Æ·©Ù��ê©Ù, À�Ã&Ek�, ��


��d��þ��wªL�ª. Basu�(1999)Kb½Ü��Æ·©Ù�%Ù�©Ù, é

�ÝëêÀ�Ã&Ek�, /GëêÀ�lÑk�, ��^GibbsÄ���
ëê���
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272 A^VÇÚO 1n��ò

d�O. Basu�(2003)^��dÏf'�
Ü�Æ·�n«ØÓ©Ù(�ê©Ù!%Ù�

©ÙÚéê��©Ù)�éêâ[Ü�Ð�, ���ÑÜ��Æ·©Ù�%Ù�©Ù�

�Ð. b½P(M = M0|T = t,K = j) = pj(M0)�Ü�Æ·©Ù�%Ù�©Ù�, Muk-

hopadhyay (2006)ÏLEM�{éù1êâ?1
©Û.

Basu�(1999)ÚBasu�(2003)�Ñ�Ü��Æ·©Ùäkþ�5, Ïdù!·�ò¦

^Pareto©Ùéêâ?1©Û. ùpkn�Ü�, ¤±¶-VÇp1,p2Úp3Ñ´4���þ.

é¶-VÇ�k��Xeb½:

p1 = (p1({1}), p1({1, 2}), p1({1, 3}), p1({1, 2, 3})) ∼ D(α11, α12, α13, α14),

p2 = (p2({2}), p2({1, 2}), p2({2, 3}), p2({1, 2, 3})) ∼ D(α21, α22, α23, α24),

p3 = (p3({3}), p3({1, 3}), p3({2, 3}), p3({1, 2, 3})) ∼ D(α31, α32, α33, α34).

duvkk��&E, éDirichlet©Ù�ëêÑ��Ó��, �´·��n�ØÓ��

(0.05, 1Ú5)5�	�ëê´Ä¬K�Pareto©Ù¥�ëê�O. *ÿêâ¥�k3�êâ

���Ån¶-, ©O´13, 4Ú6�*ÿ, ¤±�I3�9ÏCþ, ©OP�Z1, Z2ÚZ3. d

d�±��pj��÷^�©Ù�

p1|Z ∼ D(α11 + 2, α12, α13 + Z11, α14 + Z21),

p2|Z ∼ D(α21 + 2, α22, α23 + Z32, α24 + Z22),

p3|Z ∼ D(α31 + 1, α32 + Z13, α33 + Z33, α34 + Z23).

3(2.4)Ú(2.5)¥, �I�òn = 682, t(11) = 1, t(21) = 21, t(31) = 16�\�±��τj�÷

^���©Ù; ò
n∑
i=1

Zi1Ci = 2 + Z11 + Z21,
n∑
i=1

Zi2Ci = 2 + Z22 + Z32,
n∑
i=1

Zi3Ci = 1 +

Z13 + Z23 + Z33�\�±��λj�÷^���©Ù. Äk�½Gammak�¥�ëê��Ñ

�20. L2�Ñ
ëê���þ�. ùp·���Ñτj�Ã&Ek��(J, Ï�ü«k�

¤���(Jv�o�É.

lL¥�±uy, u)Cz��´¶-VÇ��, ù�éw,, Ï���êâ´��

�, �*ÿêâ�, k�&E�ØÓ¬K����O, �´k��´, Pareto©Ù¥ëê

���þ�Ä�þvC, ù´'�n��, Ï��OXÚ��Ý¼ê���Pareto©Ù�

ëêk'. 3Dirichletk�¥�ëê��0.05�GibbsÄ�L§¥, ·�P¹
9ÏCþ�

�, ¿O�
*ÿêâ¶-�T��5g=�Ü��VÇ, (J�uL3.

·��O�Ñ
nö�DIC�, ©O�DIC0.05 = 355.62, DIC1 = 354.81ÚDIC5 =

354.12, Ä�v�o�É. d	, 3Dirichletk�¥�ëê��0.05�, Gammak���

ëê�aj = 15, bj = 1, O�
ëê���þ�, (J�3L2¥�(aj = 15, bj = 1)1

¥, �±uy¶-VÇ��Ov�oCz, ù`²Gammak���ëêÀ�é¶-VÇ

��O�UØ¬kK�; �´Ù¦ëê��Ok�
UC, =Gammak���ëê¬K
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L2 IBMêâ�ëê���þ�

�ëê(α)½�{ λ1 λ2 λ3 τ1 τ2 τ3

0.05 0.00614 0.0162 0.0139 0.7442 19.002 14.249

1 0.00614 0.0162 0.0140 0.7435 18.938 14.246

5 0.00615 0.0163 0.0139 0.7491 18.979 14.221

(aj = 15, bj = 1) 0.00561 0.0148 0.0128 0.726 18.808 14.044

²���d 0.00468 0.00616 0.00897 0.6664 15.659 13.276

õ���d 0.02133 0.02792 0.02708 0.9302 19.898 15.151

�ëê(α)½�{ p1({1}) p1({1, 2}) p1({1, 3}) p1({1, 2, 3}) p2({2}) p2({1, 2})
0.05 0.8048 0.0217 0.1072 0.0663 0.6762 0.0192

1 0.4698 0.1554 0.1947 0.1801 0.4345 0.1447

5 0.3109 0.2238 0.2355 0.2298 0.3048 0.2193

(aj = 15, bj = 1) 0.7986 0.0205 0.1074 0.0735 0.7133 0.0176

²���d 0.7847 0.0183 0.1141 0.0829 0.7512 0.0164

õ���d 0.7507 0.0190 0.1302 0.1001 0.7118 0.0164

�ëê(α)½�{ p2({2, 3}) p2({1, 2, 3}) p3({3}) p3({1, 3}) p3({2, 3}) p3({1, 2, 3})
0.05 0.1740 0.1306 0.4168 0.2709 0.1548 0.1575

1 0.2206 0.2002 0.3108 0.2632 0.2196 0.2064

5 0.2402 0.2357 0.2674 0.2546 0.2417 0.2363

(aj = 15, bj = 1) 0.1589 0.1102 0.3892 0.2595 0.1852 0.1661

²���d 0.1315 0.1009 0.3742 0.2399 0.2142 0.1717

õ���d 0.1452 0.1266 0.4152 0.2435 0.2110 0.1303

L3 (p1, p2, p3) : pj���5g1jÜ��VÇ

13�*ÿ 14�*ÿ 16�*ÿ

(0.3433, 0, 0.6567) (0.2386, 0.389, 0.3725) (0, 0.4580, 0.5420)

�Paretoëê��O, ?K�XÚ��Ý¼ê��O. �d·�^²���d�{5�

OGammak�¥��ëê. ÄkdL3b�13, 4Ú6�*ÿ©O5gÜ�3, 2Ú3���,

,�^²���d��{�±�OÑa1 = 19.82, b1 = 1061.52, a2 = 24.89, b2 = 2896.32,

a3 = 28.21, b3 = 1872.51. �.¥ëê��O�uL2�“²���d”1¥, �DIC��

�246.58. lDICOKw, ²���d�{¤���k��Ð. �k��´, ²���d¤

�(J�¢S)º%�~ØÜn. dëê��O, �±O�ÑXÚ�1�o© Æ·�

1617.134c! l¢S�¹w, ù´Ø�U�. ��5`, ²���d�±w�´À��ëê
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���«�*�{, �´3ù�~f¥, du*ÿêâ���´��.�, ¤±¬�)

þã�(J. @o, éù«a.�êâ, �ÐÒ´k�
���&E, 'X`Ü��1�o

© Æ·�V�10c(86400��), KÒk

1−
( τj

86400

)λj
= 0.25⇒ λj = log 0.75/(log τj − log 86400), j = 1, 2, 3.

duτj ≤ t(j1), ��λj ≤ log 0.75/(log t(j1)− log 86400), j = 1, 2, 3. d�c���τj��O

5w, τj ≥ t(j1)/2. ùp·��Ùe.�τj ≥ t(j1)/10. Kτj , j = 1, 2, 3Òk�å^�, äN

�

0.02104 ≤ λ1 ≤ 0.02530, 0.02707 ≤ λ2 ≤ 0.03456, 0.02640 ≤ λ3 ≤ 0.03347.

3Gammak�¥, ·���ëêa1, a2Úa3���²���d¤����, @o�âλj�&

E, �ëêbj�±��������, =

783.12 ≤ b1 ≤ 941.79, 720.05 ≤ b2 ≤ 919.26, 842.74 ≤ b3 ≤ 1068.56.

�Ä^õ���d��{5©Ûù�¯K, À�þ!©Ù���ëêbj�k�, =

b1 ∼ U(783.12, 941.79), b2 ∼ U(720.05, 919.26), b3 ∼ U(842.74, 1068.56).

ù�GibbsÄ�¥I\\ébj�Ä�, K�í�bjÚλj�÷^���©Ù�

b1|(t,Z,M ,C ),λ ∼ Γ(a1 + 1, λ1) · I(783.12 ≤ b1 ≤ 941.79),

b2|(t,Z,M ,C ),λ ∼ Γ(a2 + 1, λ2) · I(720.05 ≤ b2 ≤ 919.26),

b3|(t,Z,M ,C ),λ ∼ Γ(a3 + 1, λ3) · I(842.74 ≤ b3 ≤ 1068.56),

λ1|(b1, t,Z,M ,C ),λ/λ1 ∼ Γ
( n∑
i=1
Zi1Ci + a1, lt− n log τ1 + b1

)
· I(0.02104≤λ1≤0.02530),

λ2|(b2, t,Z,M ,C ),λ/λ2 ∼ Γ
( n∑
i=1
Zi2Ci + a2, lt− n log τ2 + b2

)
· I(0.02707≤λ2≤0.03456),

λ3|(b3, t,Z,M ,C ),λ/λ3 ∼ Γ
( n∑
i=1
Zi3Ci + a3, lt− n log τ3 + b3

)
· I(0.02640≤λ3≤0.03347).

¶-VÇÚτj�÷^���©ÙØC. �.¥ëê��O�uL2�“õ���d”1¥,

�DIC���424.62. ù�O�ÑXÚ�¥ Æ·�7.79c(67315��). ù�(J�Ó

Basu�(2003)¤���(J�C. �'u²���d�(J, 7.79c´����¢S�(

J. 3©Ûêâ�, ²���d�{¬�ýuêâ[Ü, ù�:�4�q,{�q, é

u���êâa., ù«?n�{  ¬��ØÜn�(J. ÏLù�~f, ·��`²

�´é���êâa.õ���d�{¬�\k�, du\\�
���&E¬¦�

(J�\Ün.
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§4. ? Ø

�©�Ä
Pareto�.e¶-êâ���d©Û, ¦^ØÓ���d�{éÜ�ê

J > 2��¹�
?Ø. 3��d�{¥¦^
ü«ØÓ�k�, ¿�Ñ
�Oëê�

GibbsÄ�Ú½, ,�ÏL��¢~�äN©Û`²
éu���êâ, õ���d��

{�'²���d�{�Ð, ���(J�Ün.

¦^��d�{¬�9��ëê�¯a5¯K. 3O�¥��I�¦^ØÓ��ëê

�?1O�, ,�w(J´Ä¬Ñy����É. �,XJk¢S²��ë��{, �ëê

��'�N´(½, �´ù�¡�²�  éJ��. 3¢~�©Û¥, ·�^
²���

d�{Úõ���d�{. ùü«�{�±l�½§Ýþ)û�ëê�À�¯K. ���

¹e, ùü«�{���(J¬'��C, �´é��þ����¹, ·�í�¦^õ��

�d��{. �k�«�{�±;��ëê�À�¯K: ÏL�*�d�{À��«Ã&

Ek�, ~XJeffreysk�Úreferencek�. éPa(τ, λ), Jeffreysk��
√

1/λ− 1/τ . �â?

�ëê�ØÓ, referencek�¬ØÓ. �λÚτ©O�?�ëê�, éA�referencek�©O

�
1

τλ
Ú

√
1− λ
τ

.

��n«Ã&Ek�ÑØ�¹�ëê, l;�
�ëê�À�¯K.
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Bayesian Statistical Analysis and Application of Masked

Data based on Pareto Distribution

Li Yalan1 Xu Ancha1,2

(1College of Mathematics and Information Science, Wenzhou University, Wenzhou, 325035 )

(2College of Science, Northwestern Polytechnical University, Xi’an, 710072 )

In this paper Bayesian statistical analysis of masked data is considered based on the Pareto distri-

bution. The likelihood function is simplified by introducing auxiliary variables, which describe the causes

of failure. Three Bayesian approaches (Bayes using subjective priors, hierarchical Bayes and empirical

Bayes) are utilized to estimate the parameters, and we compare these methods by analyzing a real data.

Finally we discuss the method of avoiding the choice of the hyperparameters in the prior distributions.

Keywords: Pareto distribution, masked data, Bayesian analysis.
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