
Pure Mathematics nØêÆ, 2024, 14(2), 710-718

Published Online February 2024 in Hans. https://www.hanspub.org/journal/pm

https://doi.org/10.12677/pm.2024.142070

ìCII.í�e2Â�Ü6©Ù�

ÚOíä

���°°°���

Ü����ÆêÆ�ÚOÆ�§[�=²

ÂvFÏµ2023c12�20F¶¹^FÏµ2024c1�10F¶uÙFÏµ2024c2�29F

Á �

�©Ì�ïÄ
2Â�Ü6©Ù3ìCII.í�e�ÚOíä¯K"Äk§·�0�
2Â�Ü6

©Ù�VgÚ5�§,�JÑ
ìCII.í�Å�"�X§·��[í�
3ìCII.í�e§¦

^��q,�OÚ��d�{�O2Â�Ü6©Ùëê�L§"��§ÏLê��[Ú¢Sêâ

©Û§�y
¤JÑ�{�k�5Ú·^5"

'�c

2Â�Ü6©Ù§ìCII.í�§ëê�O§��q,§��d�{

Statistical Inferences of Generalized

Half Logistic Distribution under

Progressive Type-II Censored

Haijun Wang

College of Mathematics and Statistics, Northwest Normal University, Lanzhou Gansu

Received: Dec. 20th, 2023; accepted: Jan. 10th, 2024; published: Feb. 29th, 2024

©ÙÚ^: �°�. ìCII.í�e2Â�Ü6©Ù�ÚOíä[J]. nØêÆ, 2024, 14(2): 710-718.
DOI: 10.12677/pm.2024.142070

https://www.hanspub.org/journal/pm
https://doi.org/10.12677/pm.2024.142070
https://www.hanspub.org
https://doi.org/10.12677/pm.2024.142070


�°�

Abstract

In this paper, the parameter estimation problem of generalized semi-logical distribu-

tion under progressive type II censored is studied. Firstly, we introduce the concept

and properties of generalized semi-logical distribution, and then propose the asymp-

totic type II deletion mechanism. Then, we derive in detail the procedure of esti-

mating generalized semi-logical distribution parameters by using maximum likelihood

estimation and Bayesian method under asymptotic type II deletion. Finally, the effec-

tiveness and applicability of the proposed method are verified by numerical simulation

and actual data analysis.
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1. Úó

)�©Û´�«3õ«1�¥¦^�ÚO�{"~X§3�E��¡§§^u©ÛÅìÆ·¶

37K�¡§§�^5©Û���Â��m-Ù�±¶Ò�x�ó§§·^u©Û�xÚy �

|�Ï¤I��m"�´)�¼ê�êâ´�â�m�6²�)�§��5`éJ¼����

êâ§¤±3)�©Û¥§²~^��êâa.´í�êâ"2Â�Ü6©Ù(GHL)´�«ëYV

Ç©Ù§3)�©ÛÚ��5ïÄ¥§�Oì?ªII.í���e2Â�Ü6©Ù�ëêäk�

¿Â"�Ð§Balakrishnan [1]Ú\
�Ü6©Ù5éIOlogistic�ÅCþï�"q32000c [2]J

Ñ
�logistic©Ù�2Â��§¡�2Â�Ü6©Ù"�ÅCþX �VÇ�Ý¼êÚ\È©Ù¼

ê©O�:

f(x) = α(
2e−x

1 + e−x
)α

1

1 + e−x
, x > 0, α > 0,
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F (x) = 1− (
2e−x

1 + e−x
)α, x > 0, α > 0,

)�¼ê�

Sj(x) = F̄j(x) = (
2e−x

1 + e−x
)αj , x > 0.

�©ïÄ
ì?ªII.í��µe�2Â�Ü6©Ù�©Û"Äk§|^4�q,�O�{�

���ëê��O§¿y²Ù�3��5"d	§·�¦^*	��Fisher&EÝ
Údelta�{�

ECq�&«m"3dÄ:þ§JÑ
Äu²�Ø���¼êÚLINEX��¼ê���d�O�

{"¤kJÑ��O�{ÏL�ýïÄ?1
µ�"��§·�¦^ý¢êâ8?1©Û±�y

·�µ���(5"

2. 2Â�Ü6©Ù�ìCII.í��.

3¯õïÄ+�§~X²LÆ!à�!�Æ!°�Æ!y�ó�±9)Ô�Æ�+�§¼��

êâ~~�3*	Ø����¹"3DÚÆ·ÿÁ¥§ïÄ<
Ï~I�Ý\�þ�mÚ]�

�¤kü���",§�
ü$¢�¤�§¢�Ï~3¤kü����cÒ�ª�§l�)

í�êâ"3Æ·ÿÁÚ)�©Û¥§í�y�c�~�§d�=k*ÿ��Ü©&E�^"D

Ú�I.!II.í��Y±9·Üí��Y3(¹5þk¤j"§Ï�§�Ã{3¢�L§¥£Ø

ü�"ù���{N
�'ïÄ�mÐ§AO´3ü ¿�½I�3ØÓ�mm�?1*	��

¹e"�
)ûù�¯KCohen [3]Ú\
ì?ªí��Y(PCS)"��uDÚ�Y§PCS3ü$ÿ

Á�mÚ¤��¡äk�½�`³"

PCS�í�6§Xeµ3Æ·Á�¥§kn���"�1�gu)�æ�§òn-1�ó���Ú

3���¥�R1��ÅòÑTÁ�"31�g�}�§(n−R1 − 2)¥�R2���¹���ÅòÑ

�¢�"·�âd?1¢�§��1mg�}"¤k�{���Rm = n−m−R1−R2−R3−· · ·−
Rm−1lù�¢�¥�Ñ"w,§XJR1 = R2 = · · · = Rm − 1 = 0�Rm = n−m§·�¼���
�´DÚ�II.í���"k'ì?ªII.í�êâ�?�Ú?Ø§�ë�Cramer [2]�ïÄ"

3. ëê�O

3.1. ��q,�O

3�!¥§·�òí���q,�Oþ(MLE)�ìC©Ù§¿�E��ëêα1Úα2�Cq�

&«m"*	��Fisher&EÝ
I(α1α2)deª�Ñ:

L(x | α) = C
m∏
i=1

f(xi:m:n; θ) [1− F (xi:m:n; θ)]
ri (1)

= C
m∏
i=1

(
2e−x

1 + e−x
)(α(1+ri))(

1

1 + e−x
)
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C = n(n− r1 − 1)(n− r1 − 2) · · · (n− r1 − r2 − · · · − rm−1 −m+ 1).

�\2Â�Ü6©Ù�©Ù¼ê§�Ý¼ê§ÏL3�§ü>O��Ó�éê$�§K*ÿ��

q,¼ê�

logL(X|α) ∝
m∑
i=1

α(ri + 1) log(
2e−xi

1 + e−xi
) +m logα+ log(

1

1 + e−xi
).

O�éα� �ê§¦Ù�u"§�±��

∂ logL(X|α)

∂α
=

m∑
i=1

(ri + 1) log(
2e−xi

1 + e−xi
) +

m

α
= 0

α���q,�O�±éN´/��

α̂ = − m∑m
i=1(ri + 1) log( 2e−xi

1+e−xi
)
.

3.2. Cq�&«m

3ù�!§·�òí���q,�Oþ(MLE)�ìC©Ù§¿�E��ëêα�Cq�&«

m§*	��Fisher&EÝ
I(α)�µ

I(α) =
∂2 logL(α)

∂α2

�µ

I(α) =
∂2 logL(α)

∂α2
= −m

α2
,

�â4�q,�O�ìC��5§4�q,�Oþ�©Ù�±Cq�����©Ù"Ùþ�

�(α̂1, α̂2)§���Ý
�I§L«�:

I(α)−1 = I(α)−1 = −α
2

m

Ïd§��ëê�ìC100(1− ε) �&«m½Â�[
α̂− Z ε

2

√
V ar(α̂), α̂1 + Z ε

2

√
V ar(α̂)

]
,

ùp§Z ε
2
L«IO��©Ù� ε

2
z© êþ"�
)û�&«me��u��U5§�±æ^
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éêC�Údelta�{"±α̂k�~§ÙìC��©Ù�α̂k → N(αk, (I
−1)kk)"dd�±��αk�V

ý�&«m"  α̂1

exp(Z ε
2

√
V ar(α̂1)

1
α̂1

)
, α̂1exp(Z ε

1

√
V ar(α̂1)

1

α̂1

)

 ,
 α̂2

exp(Z ε
2

√
V ar(α̂2)

1
α̂2

), α̂2exp(Z ε
2

√
V ar(α̂2)

1

α̂2

)

 .
Ïd§·��±��'uα̂�100(1− ε)%Cq�&«m"

4. ��d�O

3ù�Ø©¥§·�&?
��d�{32Â�logistic©Ùëê�O¥�A^§ù��{�

�²;�O�kåÖ¿"��d�{����A:´§§#N·�ò��O���ëêÀ��

ÅCþ§¿òk�&E���êâk�(Ü"�!:©Û
2Â�Ü6©Ù�ëê:�OÚ«

m�O���d�{"�âJun-Mei [4] �ïÄïÆ§·��α��ÅCþ§¿b½§Ñl³êk�

©Ù"ù�©Ù��Ý¼ê�

π(α; a, b) =
ba

Γ(a)
αa−1e−bα,

Ïd§��d�O�éÜ��©Ù�µ

π(α|x) =
L(x|α)π(α)∫∞

0
L(x|α)π(α)dα

∝ αa−1e−bα
m∏
i=1

(
2e−x

1 + e−x
)(α(1+ri))(

1

1 + e−x
)

ùp§·��Äü«ØÓa.���¼ê:é¡²�Ø���¼êÚ�é¡LINEX��¼ê"ùü

���¼ê�½ÂXe:

1)²�Ø���¼ê(L (u, û) = (u− û)2)"

2)�5�ê(LINEX)��¼ê(L (u, û) = e(s(û−u)) − s(û− u))"

b�u(α)L«ëêα�¼ê"¼êu(α)3²�Ø���¼êÚLINEX��¼êe���d�O

�:

ûse(α) = E [u(α)] =

∫∞
0
u(α)L(x|α)π(α)dα∫∞
0
L(x|α)π(α)dα

,

Ú

ûLI(α) = −1

s
logE [exp(−su)] = −1

s
log

∫∞
0
e−su(α)L(x|α)π(α)dα∫∞
0
L(x|α)π(α)dα

.
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�âþãín§O�ùü�È©���3�½]Ô5"Ïd§·�æ^�AkÛê��Å

ó(MCMC)Eâ5)ûù�¯K"|^MCMCEâ§·��±��¼êu(α)���d�O5Cq

�§"

5. �[ïÄ

|^R^� [5] ?1�ý§3�!¥§·�ÏL�AkÛ�ýïÄ§éØÓ�O�{���

(J?1µdÚ'�"�
3 �Úþ�Ø�(MSE)�¡é:�Oì�5U?1ê�µ�§é�

«ÀJ�ÈÅëê(=n!mÚp)?1
�["d	§·�'�
«m�O3«m�ÝÚCXVÇ

�¡�5U"Äk§|^U?�2Â�{ [6])¤II.ì?í�êâ§"�e5§·�¼�
α��

�q,�O(MLEs)ÚìC�&«m(ACIs)"éu��d�O§·��Ä
α3²�Ø���¼ê

ÚLINEX��¼êe���d�O"3�½�d=1�LINEX��¼êe§��d�O�5U`u

4�q,�O(MLEs)"¼�
α���d�O§±9§��A�Cq�&«m"

Gibbsæ�ÚMetropolis-Hastings�{´ÚO!êiÏ&!&Ò?nÚÅìÆS���+��

~^�ü«MCMC�{"ÏLòMetropolis-Hastings�{�GibbsÄ��(Ü§·��±l��©

Ù¥)¤��"

L 1�Ñ
��q,�OÚ3ØÓ��¼êeO��α�MLEsÚ��d�O� �Úþ�Ø

�(MSE)�"Ó�§L 2�Ñ
α���q,�OÚ��d�Oe��&«m��ÝÚCX��"

nþ¤ã§|^MCMCEâÚMH�{§·��±í�Ñ¼êu(α)���d�O5Cq)"T�{

duÙ?nE,È©O��UåÚ3��+��·^5§3¢SA^¥��
2��A^"

Table 1. Bias and MSE of MLE and the Bayes estimates of α

L 1. α�MLEÚ��d�O� �Úþ�Ø�

MLE SEL-BAYES LL-BAYES
(n,m) BIAS MSE SBias S MSE LBias LMSE

(40, 15) 0.0443 0.0035 0.0289 0.0008 0.0260 0.0007
(40, 25) 0.0330 0.0018 0.0209 0.0004 0.0227 0.0005
(40, 30) 0.0301 0.0015 0.0150 0.0002 0.0031 0.0001
(50, 15) 0.0443 0.0036 0.0404 0.0016 0.0424 0.0018
(50, 25) 0.0336 0.0019 0.0299 0.0008 0.0316 0.0010
(50, 30) 0.0308 0.0015 0.0369 0.0013 0.0385 0.0014
(60, 15) 0.0448 0.0039 0.0857 0.0073 0.0872 0.0076
(60, 25) 0.0328 0.0018 0.0532 0.0028 0.0548 0.0030
(60, 30) 0.0313 0.0016 0.0146 0.0002 0.0126 0.0001

�
µ�:�Oì�5U§·�ÿþ
§�� �Úþ�Ø�" ��N
�O��ý¢�

�m�XÚ�É§þ��(Ü
 �Ú��§Jø
é�O�{�oNµ�"?�Ú§·�Ï

L�Ä«m��ÝÚ§��CXVÇ5'�«m�O�5U"«m�Ý�N
�O�Ø(½§Ý§

«m�áL²�O�°("CXÇL«ý¢� u«mS��U5§�p�CXÇL«����

«m�O"
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Table 2. The average length and coverage probability of the ACI and BCI of α for distinct choices of n, m

L 2. éuØÓÀJ�n, m§αACIÚBCI�²þ�ÝÚCXÇ

MLE SEL-BAYES
(n,m) CP AL BCP BAL

(40, 15) 0.9510 0.2146 1 0.2275
(40, 25) 0.9510 0.1613 1 0.1385
(40, 30) 0.9570 0.1476 1 0.1451
(50, 15) 0.9430 0.2150 1 0.1589
(50, 25) 0.9500 0.1628 1 0.1317
(50, 30) 0.9470 0.1482 1 0.1153
(60, 15) 0.9350 0.2148 1 0.1531
(60, 25) 0.9570 0.1629 1 0.1137
(60, 30) 0.9590 0.1490 1 0.1326

ÏLL�§�±�Ñ(Øµ1.�Xn½m
n
O\§��q,�OÚ��d�O� �Úþ�Ø

�ÑLy��\`�"2.éuα§LINEX��¼êe�Bayes�O3 ��¡k�Ð�Ly"3.�

Xn½m
n
O\§CXÇ�AO�"

oNó§��d�O`u��q,�O§,§3Nõ�¹e§mle�5U�CÙ�A��

�d�O§¿�´���"Ïd§���ëê�k��£Ø�^�§cÙ´�Ä���d�{�

O�I¦§��q,�O�´�«k���{"

ÏLé�ý(J�XÚµdÚ'�§·��±(½3�½ëê|ÜeØÓ�O�{��é`

":§kÏuÀJ�·ÜÃÞäN¯K��O�{"

6. ý¢êâ©Û

�ÄNelson [7]�Ñ�êâ§ù´��ý�6NÿÁ¢�L 3"ì?II.í���´dViverousÚ

Balakrishnan [8]�âTêâ)¤�§"��YXL 4¤«"3ù�~f¥§·�kn = 16,m = 8"

�â13!¥�úª§·��±O�λ�O�"

l/Gëê�λ�2Â�logistic©Ù¥�Ä��n = 9,m = 8�ì?II.í���,í��Y

�r = (0, 0, 3, 4, 0, 4, 0, 0)",�§·�la = 0.2,b = 0.5�³ê©Ù¥)¤Γ,¦^)¤�Γ§l¥)

¤���n = 19,m = 8�ì?II.í���§í��Yr = (0, 0, 3, 4, 0, 4, 0, 0)"¦^313!¥�ú

ª§O�Γ��O"

Table 3. Failure log times to breakdown of an insulating fluid testing experiment

L 3. ì?II.í�êâ

i 1 2 3 4 5 6 7 8

x 0.270027 1.02245 1.15057 1.57898 2.11263 2.48989 3.60305 4.28895
ri 0 0 2 3 0 3 0 0
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Table 4. MLE and the Bayes estimates of α

L 4. éα��O �Úþ�Ø�

BIAS MSE SBIAS SMSE LBIAS LMSE

0.0648 0.0100 0.0531 0.0028 0.0555 0.0030

7. (ØÚÐ"

�©JÑ
A«ÚOín�{5�OII.ì?í��.e2Â�Ü6©Ù�ëê"�{�)4

�q,�OÚ��d�O"ÏL�AkÛ�ý§�y
�©�{�¢^5Ú�15"

3d�c§NõÆöéØÓÈÅ�Ye�2Â�Ü6©Ù?1
ëê�O½��5�O",

§¿�ºx�.�ÚOíä%é���Ä"�[&E�ë� [9] Ú [10]"3�©¥§·�Äu¿

�ºx�.5)ûù�¯K§¿éù
¯K?1
�[�?Ø"

3¢SA^¥§l�ö�±�âg��¹ÀJ�Ü·�ín�{5O(�Oëê¿?1��

5©Û"��5¿�´§B\�O(J§X ½þ�Ø�§¿�ÄýÏ�¢��m§�±4�/

�Ï�O�Z�µ"�Y§l��!�<åÚãå"3�5�ó�¥§·��±�Äí�L§

¥�9¿�ºx��."
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