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Dynamic Bayesian evaluation method for binomial
system with reliability growth
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Abstract Considering that there are multiple-stages field data and product performance parameters

take on dynamic change trend during the process of product development, a dynamic Bayesian evaluation

method for binomial system reliability is proposed in this paper. The approach uses the discrete AMSAA

model to describe the change trend of product reliability according to the existent multiple-stages field data,

and make prediction for product reliability at new-stage. Then, the prior distribution of product reliability

at new-stage is given by referring to the Maximum Entropy Method. Along with the small quantity of field

data, the Bayesian evaluation of product reliability is made by the proposed method. Numerical example

indicates that the approach can properly solve the problem of product reliability evaluation under the

condition of small sample size.

Keywords reliability growth; Bayesian methods; discrete AMSAA model; binomial; dynamic evaluation

1 ;<

������
�	, �	���
��	
�

�����
���, ����
�
�-��-�
�-�
����, 
��������
�������������, �������������	�
��

���, �����	��� [1].  ����!��, �
�����"��Æ#���. ��$�
" (�Æ#) 
�����,  %�" (�Æ#) ���������, �&���
������
�'�
� �(, )�*�+���,. ��, ��� ���
����
��!�+���, -"��.�� 
����
��#/ ������0!��$%!�1!"#. �	���$&�"#' "#�()
%", *)$&+&'2, $�,3-���	�����, "�
���,  ����
��#/�.��
���.

=>?@: 2008-07-02

ABCD: %&/('0() (70571083)

EFGH: 123 (1979–), ), *, Æ+,*4+, 5,4--, 4-65: 67./7.8�/, E-mail: xingyy2005@sina.com.



696 0 1 8 9 0 1 9 2 2 � 30�

:3:�����;�3, �	���$&�,�!43:  3�5<&�	���$&, '%�45
&��;6 3�76&�	���$&,'%�0;&�� [2].  �<='=�0;&��,'�>% AM-
SAA $&. 1972789:;�!����!Æ� Crow� Duane[3] $&�<?��/=�	���� AM-
SAA$& [4], -@/=$&���A��� [5]. 19807,�898;>B9>�%%�	���$&, 1981
7899CD>;���??>B9@�%&$&, 19967:9AE�;@BA9@�%' $&. 9<1
��	����9;�!, *@/=5<& AMSAA $&��%��, -CB@/=76C>D��$%�
DE=?E@���!�	�
�����AA.

<�� F�, FBG 0;&��, �/ H Bayes FG@���	��*�AA��. I����
�
��!, G�" (�Æ#) 
�����,  ���
���!���������=��, �&���
	�����
�'�� �(, �,CHH ���	��AA"#I�!*������"# [6−7] . �
Bayes ��FG@,  ���	�#/AA, DEJ)"#�$����	��F�(�G
"#. CH"
����
��!
��" (�Æ#) �
�.H, J%76 AMSAA $&� ���	��+�IJ, K

���	��K.$&, -ILIM��@/���	��F�(�G
��. L�, J% Bayes��, #
/�J
������	�� Bayes ���AA.

2 IJ AMSAA KL

1964 7, 89�%EKKL���M Duane �/= HLNM�1� (NOPO��) [8]

E{K(T ∗)} = λT ∗β (1)

=!, λ, β N!P�, �L�CQ���MN��, T ∗ OQOP
�RQ, M� K OQ�.��OP3:#
�.

�76�	�
�FG@, IOP
�#� T PSOP
�RQ T ∗, Q (1) >��R!
E{K(T )} = λT β (2)

I (2) >, Crow @/�@76�	���$& [9] :

Ri = 1 − λ[(ti)β − (ti−1)β ]
ni

(3)

=!, Ri !��R i �"��	�, ni !��R i �"�
�#�, ti !��
�SR i �"�OP
�#
�, ti =

∑i
j=1 nj .

 � (3) >, �� λ ����T�	�UVB1, 1 − β !�	���R. 2 0 < β < 1 R, ���	�
)���IJ. 2 β = 1 R, ���	�
SW+�. 2 β > 1 R, ���	�)�XYIJ. �ST��Z
C@, ���	�[T λ � β U�UD���, �\[T
��"�9�A�VV��. L�, ���	�
I� 1.

�LT, 2��G�"�
�#�W�R, � ni = n(i = 1, 2, · · · , c) R, (3) >X�!�@76�	��
�$&

Ri = 1 − λnβ−1[iβ − (i − 1)β ] (4)

=!, c OQ���
��!�
��"#�.
 �76�	���$& (3) >, �J%WIN�A�]"$&�� λ, β, WIN�M�!

L =
c∏

i=1

(
ni

fi

)
Rni−fi

i (1 − Ri)fi (5)

=!, fi !��R i �"�3:#�, Ri � (3) >�Q.

3 MNOPQRYSTU Bayes VÆWX

 ����!��, �!�
��!
��"�
�.H��!
�AA!�F.H�Z)X[, A�
L!\Y� ���F.H. CH�^��	_"����
��!
��"��	�
���, J%�	
���$&,  ���	��+������ , �� `X]Æ#���	��K., -ZK.�[�!
 ]Æ#���	���Fab, ��\&]Æ#���	���F�(, ��]]Æ#����J
��
�, ��DE=?E@���!��	�AA.
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 �0;&������
��,���$
��"�
��[	Z<` ���������. �&,
^���_T]�" (�Æ#) 
�R, %�" (�Æ#) �
�=F`ab, 3:#�`b. @�, CHJ%
���
��!
��
�"��	�
���, DE=�	�
�@0;&����	��� Bayes�
��AA. DE, @/���	��F�(�G
��.
3.1 YZ[ i \]^_`abccdde

^���a��= i − 1 �"��	�
�, G�"�
���! (n1, f1), (n2, f2), · · · , (ni−1, fi−1). "
��� i− 1 �"��	�
���, I (5) >��e]�76 AMSAA $&�� λ, β �A�U λ̂, β̂. 2a
b��R i �"�
�#� ni R, I (3) > ��R i �"��	� Ri ��K., ]���R i �"��

	�K.U!

R̂i0 = 1 − λ̂[(ti)β̂ − (ti−1)β̂ ]
ni

(6)

=!, ti−1 =
∑i−1

j=1 nj , ti = ti−1 + ni, ni !��R i �"�
�#�.

a��R i �"�	� Ri ��FNU!
E(Ri) = R̂i0 (7)

ILIM�F�(�G
�� [10] , ��R i �"�	� Ri ��F�(�OQ!

π(Ri) =
euRi∫ 1

0
euRidRi

(8)

=!, u �^
��, !_`.

I (7) � (8) >, ]"@ ��, �e^
�� u

E(Ri) =
∫ 1

0

Riπ(Ri)dRi =

∫ 1

0 RieuRidRi∫ 1

0 euRidRi

= R̂i0 (9)

I (9) >]"/^
�� u ��, ��R i �"�	� Ri ��F�( π(Ri) A$G
=. I&, �e�
�R i �"�	� Ri ��F`�b

E(R2
i ) =

∫ 1

0
R2

i e
uRidRi∫ 1

0 euRidRi

(10)

Iae�F�(�b, f, Beta �( Be(ai0, bi0) �!LN�(g] Ri ��F�( π(Ri), f)]
Be(ai0, bi0) � π(Ri) cBW���F �b��F`�b. ��, I (7) � (10) >, �]⎧⎪⎨⎪⎩

ai0

ai0 + bi0
= E(Ri)

ai0(ai0 + 1)
(ai0 + bi0)(ai0 + bi0 + 1)

= E(R2
i )

(11)

I (11) >, �] ⎧⎪⎪⎨⎪⎪⎩
ai0 =

E(Ri) − E(R2
i
)

E(R2
i
) − [E(Ri)]2

E(Ri)

bi0 = [1 − E(Ri)]
E(Ri) − E(R2

i
)

E(R2
i
) − [E(Ri)]2

(12)

I�� , "����
��! i− 1 �"��	�
���, 
���9�, \&��R i �"�	�
Ri ��F�(! Be(Ri|ai0, bi0) , =b�� ai0, bi0 dg (12) >.

�LT,  ��R 1 �"�	� R1 ��AAR, I� ���abeh, &R�+&i.H�F�
( [10], �<������ ��3N.
3.2 YZ`fhgd Bayes ch

 �����	�
�, �.���R i �"��	�
���! (ni, fi), f�J
����N�M�
!

L(ni, fi) = Cfi
ni

Rni−fi

i (1 − Ri)fi (13)

=!, ni !��R i �"�
�#�, fi !��R i �"�3:#�.
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J% Bayes 
�, I Ri ��F�( Be(Ri|ai0, bi0) �N�M� (13) >, �]��R i �"�	� Ri

����(!
π(Ri|(ni, fi)) ∼ Be(Ri|ai1, bi1) (14)

=!, ai1 = ai0 + ni − fi, bi1 = bi0 + fi.

I (14) >, �]��R i �"�	� Ri ���	_����c�i.@j�L!
E(Ri|(ni, fi)) =

ai1

ai1 + bi1
(15)

Var(Ri|(ni, fi)) =
ai1bi1

(ai1 + bi1)2(ai1 + bi1 + 1)
(16)

∫ 1

RiL

π(Ri|(ni, fi))dRi = 1 − γ (17)

=!, RiL !��R i �"�i.N γ @��	�i.@j.

a��R i�"��	�A�U R̂i = E(Ri|(ni, fi)),@
��dg
&)]��	��kR, f R̂i �R,
flm
�, a!���	���K
��k. f R̂i < R, f ������-_TR i + 1 �"
�, "�
�� i �"�
���,  ��R i + 1 �"��	���K., 
�nf��� ��, \����	��
�
&)], ��lm
�.

4 ijkl

XX oj<=������	�
����O 1 �Q.

p 1 mnopqrstu
gd .8qÆh ni .8Vefk si .8lrfk fi

1 4 3 1

2 5 4 1

3 7 6 1

�i< ��������-���	�
�, 
����O 2 �Q. )] <=������	�#
/AA, m���
g
& (�
�no�
���	�
&�k! 0.9).

p 2 vwxsopqrstu
gd .8qÆh ni .8Vefk si .8lrfk fi

4 7 6 1

5 3 3 0

"�aB 3 �"�	�
���, I (5) >, �]76 AMSAA $&�� λ, β �A�U! λ̂ = 0.3512,
β̂ = 0.7736. I (6) >, �]��R 4 �"�	� R4 �K�U! R̂40 = 0.8611. I (7)–(12) >, �]��
R 4 �"�	� R4 ��F�(! Be(4.861, 0.7833). 
��J�	�
�, I (13)–(15) >, �]��R 4
�"�	� R4 �A�U! R̂4=0.8590 . �&, 
�����, m
��2F�jjQ�k`��
&�k,
Ji<������-���	�
�, �����	�.

"�aB 4�"�	�
���, I (5)>,�]76AMSAA$&�� λ, β �A�U! λ̂ = 0.3469, β̂ =
0.7797, I (6) >, �]��R 5 �"�	� R̂5 �K�U! R̂50 = 0.8663. I (7)–(12) >, �]��R 5 �
"�	���F�(! Be(4.861, 0.7486). 
��J�	�
�, I (13)–(15) >, �]��R 5 �"�	�
R̂5 �A�U! R̂5 = 0.9131 . �&, 
�����, m
��2F�jjQ�ah]
&)], lm
�, t
u��
&.

�[
ST��aB 4 �"��	�
���, lI��R 5 �"�
��� ����	�#/A
A, f��R 5 �"�	���F�(! Be(0.5, 0.5). 
��J�	�
�, ��R 5 �"�	� R5 �A

�U R̂5 = 0.875 . A$�p, �[
ST���
��!aB
��"�
���, lI2F�"�
��
� ���	���AAR, AA�[m!iq.



� 4� 123, U: VW^01./7_XYZc Bayes d[6\ 699

�[
ST���
��*�+���,, lZ
��"�
���n]:X ����	���A
A, f
��e]����	��A�U! R̂ = 0.8333. A$�p, �[
ST���
��!�"
�
���, lZ
���n]:X ���	���AAR, AA�[�=m!iq.

I�  j��Oo: FB�k���
ll�J%=���
��!
��"�
���, �\ST
����
��*�+���,. �&, AA��]�.

5 yz{

FB�]���!�
��m�n�"�
�.H����
��)�*�+�����A�,,G 
0;&��, �/= H BayesFG@���	��*�AA��. %��"����
��!
��
�
"��	�
���, J%�	���$&,  ]Æ#����	���K., ��#/�����AA. I
�%��l�J%=���
��!
��
�"�
�.H, -ST��"
����, �&��=DE
=?E@���!��	�AA. 6r, op=p�AA���e��!�v�n(P�we�s,"�]
"�qt. AA����, AA��]�.
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