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Abstract

Purpose: In this paper, we examine the Bayesian inference of the parameters of the generalized power Lindley distribution in
the presence of type two hybrid censored data.

Methodology: To estimate the maximum likelihood of the parameters, given that the estimates cannot be obtained implicitly
and do not have a closed-form solution, we employ the EM algorithm and use the Fisher information matrix to construct
asymptotic confidence intervals. Additionally, when estimating the parameters of the generalized power Lindley distribution,
which we denote EPL throughout the article, we employ two Lindley approximation methods and Markov chain Monte Carlo
under the squared-error loss function. We obtain HPD confidence intervals according to Bayesian estimates. Then we compare

two Bayesian methods using simulation studies.

Findings: The Monte Catlo method for the three-parameter distribution shows less bias and greater consistency than the
Bayesian parameter estimates derived from the Lindley approximation. In high-dimensional distributions, the MCMC method
yields more accurate forecasts than the Lindley approximation, and convergence occurs more rapidly. The MSE estimates from
the Lindley approximation, as shown in Table 2, are significantly larger than the data dispersion for a similar sample size from
the MCMC method, as presented in Table 3. We also provide an example of real data.

Originality/Value: Given that no study has been conducted so far on the generalized Lindley power distribution in the
presence of censored hybrid type II, the findings of this study can be used for future studies.

Keywords: Bayesian estimation, Maximum likelihood estimation, Generalized Lindley power, Monte Carlo Markov chain, EM
algorithm.
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Figure 2- The Hybrid type-II censoring scheme.
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0.017000 0.095000  0.017589 0.099327 1917222 1.337705 05 015 005 15
0.018000 0.100000  0.017139 0.095879 1927086 1.342010 15 015 005 15
0.019500 0.105000  0.019676 0.104753 1.910326 1.330942 3.0 015 005 15
0.018000 0.098000  0.017694 0.099968 1953364 1.347149 50 015 005 15
0.170000 0.310000  0.173613 0.315403 0.803665 0.887576 0.5 0.25 0.25 1
0.175000 0.320000  0.180251 0.322549 0.813284 0.892358 1.5 025 0.25 1
0.165000 0.310000  0.164529 0.309238 0.798596 0.879653 3.0 0.25 0.25 1
0.170000 0.315000  0.175689 0.318732 0.814237 0.891401 50 025 0.25 1
0.310000 0.470000  0.312891 0.468125 0523181 0.650432 05 075 0.75 0.75
0.305000 0.460000  0.305284 0.459891 0541254 0.661294 15 075 0.75 0.75
0.320000 0.470000  0.319843 0.472362 0522416 0.649721 30 075 0.75 0.75
0.315000 0.465000  0.313121 0.464504 0535193 0.658239 50 075 0.75 0.75
0.390000 0.560000  0.396814 0561489 0.430712 0567314 05 05 05 05
0.385000 0.550000  0.387913 0.553104 0.440257 0573812 15 05 05 05
0.400000 0.565000  0.404762 0569762 0.423890 0.560139 30 05 05 05
0.390000 0.555000 0.3932894 0558493 0.437419 0.570204 50 05 05 05
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Table3- The estimated risk values and SD of all estimates for all estimate of n and r.

Os (sd) 0 (sd) Bs (sd) f (sd) As (sd) d(d r n
0.784208(0.011) 0.800120(0.09) 1.285208(0.010)  1.290318(0.08) 3.378101(0.012) 3.410502(0.017) 5 20
0.816268(0.010) 0.825130(0.08)  1.328568(0.013) 1.335219(0.009) 3.302541(0.011) 3.328612(0.015) 10 40
0.834935(0.013)  0.845295(0.09)  1.398735(0.014)  1.408295(0.012) 3.005171(0.010) 3.238688(0.014) 15 60
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Table 4- The associated HPD credible intervals for a, 3, 0.
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2.3979, 1.3711,0.3711
2.4454,1.3964, 0.3964
2.4722,1.3946,0.3946

(0.1523, 0.5234)
(0.1235, 0.5199)
(0.1397,0.5343)

(1.1523, 2.5234)
(1.1235, 2.5199)
(1.1397,2.5343)

(2.1452, 4.5431)
(2.1224, 4.5678)
(2.1767, 4.5889)
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10 40
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Figure 5- Trace plot and Histogram MCMC for 0. 3. a.
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[28] ;058 5 1 o 5L s Wnesls as samen RS alyl @3lgii Jha) 0315 GLES sl )y (2Bl 0315 asgames S o ie pal 53
) ans Loy 4 Doy e 03y ¥5 L 5 S84 S o Jds (gl 15 Waesls as samee o) [29] ol (Kan @)uﬁw Wb S 3 a3 e

sl 0l 0303 0SS 0 Dy ety 3 plea  bL el 5SS (o (Gl

0.2,0.3,05,0.5,05,0.5,0.6,0.6,0.7,0.7,0.7,0.8,0.8, 1.0, 1.0, 1.0,1.0, 1.1,1.3,1.5, 15,15, 1.5, 2.0,
2.0,2.2,25,27,30,30,33,33,40,4.0,45,4.7,5.0,5.4,54,70,75, 88, 9.0, 10.3, 22.0, 24.5.

Lol o) laslewl Blyzul g EM o268 g ooleitans posmSlo 8,51 -8 Jgazr
Table 5- Maximum likelihood estimation and EM algorithm and their standard deviation.
EM Estimate(sd) MLE Estimate(sd) Parameter
0.980125(0.011) 0.980125(0.008) Shape (o)
3.761722(0.010) 3.761722(0.012) Scale (6)

0.265302(0.009) 0.265302(0.007) Rate ()

55335 2 53 (B) 55 (0) ol (0) K& sla el 45 555 o sdalive (EPL Joke sl el (51 EM s MLE (slasysl ol
b izen (el BTBLT22L pl () owlike sl 5 0.980125 Ll (00) Ko 20l (510 0 351 2 Sl it GLay (383 by
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Table 6- Estimation or parameters and—logL, AIC, BIC value.

BIC AIC -LogL SD (a, B, 0) Estimate (a, B, 0) Model
219.687 216.030 106.015 0.008,0.009,0.012 0.980125, 0.265302,3.761722 EPL
290.010 233.086 109.543 0.010,-,0.013 0.150,-,4.100 Weibull

L ple-Logl sluds .dSledl 5,405 3.761722 50.980125 L il o 5 4 (0) wlide 5 () JSKo sl ey (EPL Jobs &b ol
5216.030 5 5 4 BIC 5 AIC (sla)lirs ¢ pizeanr 3L o EPL Jio (6l plaie;3-SN it slis sdiasylis oS ol -106.015
SleMb! las) BIC 5 (ST ledb| jlas) AIC K58 oo o3lizud EPL Jde CotS oL551 sl polie cpl . dlodds acsloes 219.687
S ol b b Gl e e b pasla ol S b oladde Yoens 5 diten (5)bT sladde Sl gl olaslas 93 2 (S
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Table 7- Average estimate (AE), Bayesian estimate of parameters based on real data.
(@ 620 sm(B)  AE@)(SD) AEB)SD)  AE(p(SD) R T n
1.75 3.9137 0.26065 3.2375(0.013) 0.2649(0.007) 0.980125(0.010) 40 45 30

1.75 3.9137 0.26065 3.2358(0.012) 0.2758(0.009) 0.980125(0.009) 35 50 35
1.75 3.9137 0.26065 3.2358(0.010) 0.2758(0.008) 0.980125(0.011) 25 7.0 25
1.75 3.9137 0.26065 3.2355(0.009) 0.2758(0.010) 0.980125(0.012) 20 10 20
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