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ABSTRACT

This study explores an advanced three-parameter generalized log-logistic
(GLL) model by incorporating an innovative shape parameter into the
conventional log-logistic framework, allowing for greater flexibility in
modeling data with increasing, decreasing, and bathtub-shaped fail-
ure rates. The estimation challenge under adaptive progressively Type-
IT censored data is addressed through both classical (likelihood-based)
and Bayesian inferential methods. Utilizing observed Fisher information,
asymptotic confidence intervals for unknown parameters are derived,
while a Markov chain in the Monte Carlo approach is employed to obtain
Bayesian point estimates and the highest posterior density intervals.
In Bayes’ setup, the GLL parameters are presumed to have indepen-
dent gamma conjugate priors against various symmetric and asymmetric
losses. To examine the accuracy of the acquired estimators, an extensive
Monte Carlo simulation is used. Four real-life data sets from the physical
and biomedical industries are analyzed to illustrate the feasibility of the
proposed techniques in an actual-world scenario. Numerical analyses
revealed that the suggested model outperforms the other five models
in the literature, including the alpha-power exponential, exponentiated
exponential, log-logistic, Weibull, and gamma distributions. The findings
emphasize the effectiveness of the Bayesian Markov chain Monte Carlo
approach over frequentist techniques, reinforcing its practical significance
in reliability analysis and survival studies.

1 Introduction
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Recently, Muse et al. [1] created a new three-parameter generalized log-logistic (GLL) distri-
bution by introducing an additional new feature (parameter) to the traditional log-logistic distribu-
tion. They demonstrated that the GLL distribution can capture a wide variety of hazard function
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shapes—including increasing, decreasing, bathtub-shaped, and unimodal-which many existing dis-
tributions struggle to accommodate simultaneously. They also stated that the GLL model provides
greater modeling flexibility for real-life survival data and outperforms several existing lifetime
distributions, including log-logistic, exponential, bib28, and Burr-XII distributions. Its adaptability
makes it especially useful in practical fields like biomedical research and reliability analysis, where
capturing complex hazard behaviors is essential for accurate inference and prediction. Suppose a
lifetime random variable X follows the GLL distribution, denoted by GLL(£), where § = (y,8,u)"
for y, 8, u > 0. Then, its respective probability density function (PDF), f(-), cumulative distribution
function (CDF), F(-), are

S €) = p8x)y [l + (ux)] (0", x>0, (1)
and
F(s€) =1—[1+ (uxyT @, )

and its reliability function (RF), R(-), and hazard rate function (HRF), A(-) at time ¢ > 0 are defined,
respectively, by

R(5:8) =1+ (uoy T ), t>0, 3)
and

y8(81)r!
h(t,6) = —— . 4
(68 = s )

From (4), the HRF increases (for §-'(y — 1)"7, decreases (for 0 < y < 1) and unimodal (for
y > 1). Fig. | exhibits that the PDF (1) has a unimodal shape, while the HRF (4) has a decreasing,
increasing, or bathtub shape. Muse et al. [1] also stated that the GLL distribution can be utilized as
an extension of the next models:

e Standard log-logistic (when § = u = 1);

Log-logistic (when § = p);

Exponential (when u7 — 0 and y = 1);
Weibull (when u” — 0);
e Burr-XII (when u = 8677, 6 > 0).

Life-testing examinations in the reliability field frequently end before all of the components
fail due to time limitations or a shortage of financial resources. The failures that come from these
conditions are referred to as censored data. Ng et al. [2] proposed a new censored mechanism called
the adaptive progressive-censored Type-I1 (APC-II) strategy. It has also gotten a lot of focus from a
variety of practitioners since it enables the implementation of highly powerful statistical studies. This
approach places n independent experimental item units on a test at time zero. According to this process,
the number of failures m is decided beforehand, and the examination period may surpass the time 7.

We also have the removal design R = (R, R, ..., R,), but its framework may change as a result of
the investigation. If X,,., before time T, the test ends at X,,,.,. Otherwise, we reassign the removal
designas R,., = Ry, = -+ = R,_; = 0, where d is the size of observed items before T'. At mth failure,

all remaining units (say, R, = n — m — 27:1 R;) are removed, and the test is ended. Graphically, a
schematic representation of the APC-II is depicted in Fig. 2.
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Figure 1: The PDF (left) and HRF (right) shapes of the GLL model
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Figure 2: Schematic diagram of the APC-II plan

HOWeVer, Suppose X = {(Xl:m:m Rl)a ceey (Xd:m:na Rd)a (XdJrl:m:na 0)5 ey (Xm:m:m Rm)} denOteS APC_II

order statistics from a continuous lifetime population, then the joint PDF of x is

ﬁ(&)—QHf(x,mn,mH[R(x,mn,o)] [R(X 1003 )], (5)

i=1 i=1

where Q is an independent constant of the parameter vector §. Based on (5), readers can refer to
numerous inferential examinations of various distributions, for example, see Panahi and Moradi [3],
Panahi and Asadi [4], Elshahhat and Nassar [5], Alotaibi et al. [6], Ateya et al. [7], Elshahhat et al. [&],
Nassar et al. [9], Elshahhat et al. [10], Dutta et al. [11], Dutta et al. [12], among many others.

Also keep in mind that most GLL lifespan model inference studies have only evaluated complete

sampling and have not dealt with incomplete (censored) sampling. As a result, the work’s novelty
derives from the fact that it is the first time that estimation challenges of GLL’s parameters or reliability
characteristics have been investigated using likelihood and Bayes inferential approaches using APC-
IT data. The motivation for this study arises from the proposed censoring mechanism’s usefulness in

https://www.scipedia.com/public/Mohammed_et_al_2025 3


https://www.scipedia.com/public/Mohammed_et_al_2025

H. S. Mohammed, O. E. Abo-kasem, Z. F Jaheen and A. Elshahhat,
Physical and biomedical applications of a newly extended version of the log-logistic

S I p E D I A model using adaptive-progressive censored sampling,
Rev. int. métodos numér. célc. diseno ing. (2025). Vol.41, (3), 46

improving the efficacy of statistical interpretation when compared to other censored techniques. Even
so, we feel inspired to perform this type of work for two separate reasons: (i) The failure rate (4) has
a bathtub, decreasing or increasing shape, which is more effective in many practical fields; (ii) The
mechanism (5) serves a purpose in practical reliability examinations because it provides portability in
terminating research at a certain point in time and dropping the total time of the examination. As far
as we know, no offer is taking on the inferential challenges of the GLL parameters, particularly in
reliability theory. Therefore, we mainly employ an APC-II strategy to close this gap by providing five
objectives in the current study, such as:

1. via maximum likelihood (ML) and Bayes’ infer approaches, the problem of estimating y, §, i,
R(?), and A(¢) of the GLL distribution from an APC-II strategy is investigated.

2. The Bayes estimates against squared-error (SE) and general-entropy (GE) losses are assessed
via Markov chain Monte Carlo (MCMC) techniques from independent gamma priors.

3. Two bounds of asymptotic confidence interval (ACI) as well as highest posterior density (HPD)
interval estimates of the same unknown quantities are also obtained.

4. All theoretical results of y, 8, or u cannot be represented in explicit mathematical expressions,
thus via R software, we recommend two programming packages, namely: ‘maxLik’ and ‘coda’
to evaluate all offered estimates.

5. Four real-world data set-based applications, consisting of (1) time-to-failure of the tur-
bocharger of the same type of engine; (2) failure times of mechanical components; (3) relief
time for arthritis patients; and (4) lifetimes of guinea pigs, highlight the GLL distribution’s
ability to accommodate a wide range of data types and adjust the presented approaches to
actual situations.

The next sections are designed as: Sections 2 and 3 provide the likelihood and Bayes’ inferences,
respectively. Simulation findings are available in Section 4. Real applications are examined in Section 5.
Lastly, Section 6 reports several concluding comments.

2 Likelihood Inference

Using the ML estimation technique, this section looks for point and interval estimates of y, 8, u,
R(?), and A(?). Setting x; = x,,,.., (for brevity), the likelihood (5) function becomes

L@ o )" T2 10 Gyl O T oy ™ O 9 sy, ] 56 (6)

i=1 i=1

and its log-likelihood, £*(-) o log L(-), becomes

m m

L7 (&) ocmlog () +y D log (x) — D _log (¥ (x;;7, 1)

i=1 i=1

5 14 m d
_ (;) [ZIOg @ x5y, ) + ZR, IOg @ x5y, w) + R:l log @ (X, 7, M))] , (7)

where ¥ (x;; v, 1) = 1 + (ux;)”.
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From (7), we get three normal-expressions of y, §, and u, respectively, as

L 1 - 0 (X5 v, 1)
=my” [l +ylog(@®]+ Q log(x)— ) ————
S\ |~ U° (x5, L9 (xsy, 0 (X Vs
_ (_) PG ALONN o S 2T0 R S G AT}
n _ ) (x,'; Y, ,LL) — 4 (x,-; Y, M) v (xma Y I’L)

A ‘ 8
—(;) Izlog(l‘/‘ (x:7. 1)) + > Rlog (¥ (x,-;y,u))+R;10g(ﬂ(xm;y,u))]log(;), (8)

i=1 i=1

0L _ o
38
s\
-y (;) izlog(ﬂ (x5, M))+ZR log ( (x5, w) + R;, log (B (x,; ¥, M))] )
and

3M 19(xl,y M)

_ (ﬁ) {Z v* (xi;y,u) +ZR,-19. (xi;y,u) LR v (xm.;%ﬂ)]

lu’ 0 (xi: y’ ,LL) i—1 19 (xi) ya M) " 19 (xma V: M)

5\ [ a
+ (ﬁ) {Zlog @ (xisy, ) + ZR,- log (¥ (x;; v, 1) + R, log (¢ (Xm;)/,u))] g’ (10)

i=1 i=1
respectively, where 9° (x;; ¥, ) = (ux,)” log (ux,) and 9* (x;y, ) = yx, (ux)" ™.
Due to the fact that the algebraic solutions of (8)—(10) cannot be determined explicitly, we propose

employing the Newton-Raphson technique to derive the maximum likelihood estimators (MLEs) of
y, 8, and p denoted by y, §, and f1, respectively.

Consequently, the offered MLEs 7, 8, and /i are substituted in R(7) and A(?) to get the respective
MLEs R(t) and h(z) as

Rk =1+ @] (1)
and

NP 72 €1 1

(t;€) T o] (12)

To get the 100(1 — )% ACI y, 8, u, R(¢) or h(¢), the 3 x 3 asymptotic variances and covariances
matrix (say X (&)) must be obtained first. As stated by Lawless [13], under certain regularity conditions,
the MLEs é are asymptotically normally distributed. These conditions include: (i) the true parameter
lying in the interior of the parameter space; (ii) the likelihood function being differentiable for the
parameters; (iii) the information matrix being non-singular and well-behaved; and (iv) the sample
size being sufficiently large. Hence, according to these conditions, the distribution of the MLEs é is
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approximately multivariate normal with a mean & and variance-covariance matrix X (¢), where

L e Ly o) @, @
X(é) = L, L = var(d) o8, p) | (13)
L @30 var(ji)

where in Appendix A, the components £; for i,j = 1,2, 3 are presented.

To justify the asymptotic normality of the MLEs &, depending on the regularity conditions, the
score vector is asymptotically normal, we have

- 1 92c 7' (1 oL
=t~ ] (o) 1
and

1oL, |
 ngkaE’ > G, o

where &, is the true parameter value.

Consequently, from (14) and (15), we get

JnE —£) > N, 2(&,)),

or equivalently,
B~ (800 360).
Hence, the 100(1 — 0)% ACIs of v, §, and u are
()7 F Zg\/m) , (3 ﬂFZg\/%) and (,& ?ng/m) ,

receptively, where zg is the (o/2)th standard Gaussian point.

On the other hand the 100(1 — 0)% ACIs of R(¢) and Ah(¢) are acquired by approx1mat1ng the
variance estimate of R(t) and h(t) using the delta methodology, see Greene [14]. Thus, at § = ‘;‘ the
variances of R(¢) and h(t) (denoted by var(R(7)) and var(h(t))) are approximated as

var(R()) = UTS @)Uy, and  var(h(n) = U] SEU,,
. dR 0R OR oh 0h 0h
receptively, wherely = — — —)andl,={— — —).
dy 96 du dy 98§ du
Thus, at a confidence level (1 — @), the respective 100(1 — ¢)% ACIs of R(¢) and A(¢) are

R F zg\/varR(0) and k(1) F zg/ var(h@),

respectively.

3 Bayesian Inference

Based on gamma independent density priors y ~ Gamma(a,, b,), § ~ Gamma(a,, b,), and u ~
Gamma(as, b;), using the SE and GE losses, the Bayes estimates of y, 8, u, R(?), and /() are developed.

https://www.scipedia.com/public/Mohammed_et_al_2025 6
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Hence, the joint PDF (say, P(-)) of y, §, and u becomes
PS,0,y) oyt 71§y temtiythithw 5 5 g s (0, (16)

where the hyperparameters ¢; > 0 and b, > 0 fori = 1, 2, 3 are known. It is worth noting here that the
choice of gamma prior distributions came due to their flexibility and compatibility with the support
of GLL model parameters. Compared to alternative prior distributions, gamma priors offer greater
adaptability while maintaining analytical tractability. Moreover, the use of independent gamma priors
tends to result in relatively simple posterior distributions, thereby mitigating potential computational
challenges; for additional details, see Dey et al. [15].

From (6) and (16), the joint posterior distribution, say P*(-), of y, 8, and u is

Pr(&|x) oc "t tgmy va =1 - 1o~ (vb1 + by + nb3)

< [T/ 19 Gayo i)l O 0 Gy i1 00" [9 (s, ] 50" (17)

i=1 i=1

The SE loss (denoted by £4:(-)), it is common knowledge that the posterior mean is the Bayes esti-
mator. The GE loss (denoted by £;:(-)), on the other hand, gives different weights for overestimation
and underestimation. However, the SE and GE losses can be defined, respectively, as

Lo (W) = (Y — ¥), (18)
and
Cox(W, ) (%) -1 log(%) —1, 7 #0, (19)

where 7 is a parameter that specifies the asymmetry degree and v/ (-) denotes the desired Bayes estimate
of ¥ (-). To get additional information on SE and GE loss function, one may refer to Martz and Waller
[16] and Dey et al. [17], respectively.

However, under the SE and GE losses defined in (18) and (19), the Bayes’ estimate of y, §, or u,
say ¥ (&), is provided by

I [ [y &) PE)LE) dydsdu

Psp(f) = 2200 T 0
" I T T PELE) dydsdu
and
_1
7 ST [T @) TPELE) dydsdu |
Ver(§) = fO ﬁ)mfo&wof §)L() dy ’ o
I [T [T P@ELE) dydsdu
respectively. Setting = —1in (21), the estimate acquired from (21) coincides with the other acquired
from (20).

From (20) and (21), the Bayes estimator v/ (£) cannot be represented in analytic closed form. As a
result, the MCMC approximation idea may be simply included to assess the Bayes’ estimates of y, §,
u, R(1), and h(t), as well as their HPD intervals.

https://www.scipedia.com/public/Mohammed_et_al_2025 7


https://www.scipedia.com/public/Mohammed_et_al_2025

H. S. Mohammed, O. E. Abo-kasem, Z. F. Jaheen and A. Elshahhat,
Physical and biomedical applications of a newly extended version of the log-logistic

S I p E D I A model using adaptive-progressive censored sampling,
Rev. int. métodos numér. célc. diseno ing. (2025). Vol.41, (3), 46

From (17), the conditional distributions of y, 8, and u are

m+ap —1,—yby

Ql(y|8a :LL’X) Xy e
" ol BT 9 v T 19 s (R
oy A CAC AN 2 [ N CRCH M) [ (e v 1] : (22)
Q(8ly, pu,X) oc 8" T2 lem M

x Htl (2 (s, 0 (9 H; [0 Gy ] 0 [ (i)~ (23)
and

Qi(uly,8,x) ocu e

" . -B T . ~ri()” . -’ ()"
3 | RGN [1 0 Gy w1 0 @ sy, w] : (24)
respectively.

The GLL parameters y, §, and u cannot be stated in terms of a specified distribution from
(22)—(24). Thus, the Metropolis-Hastings (M—H) technique is used to generate Makovian variates from
(22), (23), and (24). Then produce the Bayes’ MCMC or HPD interval estimates of y, 8, u, R(¢), or
h(?). The key challenge while employing the M—H process is deciding on the parameter distribution
suggestion.

From GLL(1.2,0.5,0.1), by taking (T,n,m) = (5,100, 50), R (uniform removal), (a,,a,,a;) =
(12,5,1) and b, = 10, i = 1,2,3 (for instance), the plots in Fig. 3 demonstrated that the entire

conditional PDFs of y, §, and u provided in (22), (23), and (24), respectively, match the normal
distribution.

6e-68
8e-72

817, k%)
4e-68
Qply, 8,%)
6e-72

Q(v18, 1, x)
4e-72

2e-68
2e-72

0e+00 1e-51 2e-51 3e-51 4e-51 5e-51

0e+00
0e+00

0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 0.5

Y 5 n

Figure 3: Conditional PDFs of y (left) and § (middle) and u (right)

Numerically, to produce draws of y, §, u, R(%), or h(¢) utilizing the M-H idea, do:
Step 1: Sety, 8, and 1, as y© = 7,89 = §, and u© = .
Step 2: Putw = 1.

Step 3: Obtain y*, §*, and w* using (22), (23), and (24) from the normal N(y“",var(y=")),
NS, var(8™")), and N(u™ ", var(u™=")) distributions, respectively.

Step 4: Generate u; for i = 1,2, 3 from uniform U(0, 1) distribution.

https://www.scipedia.com/public/Mohammed_et_al_2025 8
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Step 5: Calculate D, fori =1,2,3 as

Q * 6(7z—1) r—1)
Dl :min 1’ 1(3/ | 7/~’L JX) ,
QI8 w0, x)
) Q 8* (n)’ (7,,1)’
D, =min {1, LGV %) )
Q37 Dy ™, =0, %)
and
) Q * (n)’a(yr)’
D, = min (1. s(Wly X) ‘
Q™ y, 87, %)

Step 6: If 4, < D,, set 0™ = 0, else set 0 = 0« Here, 0 refers to y, §, or .
Step 7: Obtain R™ () and 4™ () for ¢t > 0, respectively, as
N 7(%)%71)
RO = 14 (o™ |
and
y(”)8<”>(8<”>t)y<”>*1
[1 4 (M(n)[)y(”)] .

Step 8: Reset w =7 + 1.
Step 9: Redo Steps 3-8 A times to get

(y(l)’ 8(1)’ M(l): R(l)(t),h(l)(t)) e (y(A)’ 8(«4)’ M(A>9 R(A)(t), h(A)(f)) .

Step 10: Acquire the Bayes’ MCMC estimates of y, §, u, R(?), and h(¢) (say ), after a burn-in (say
A*), from SE and GE loss functions as

¢SE=% i W(n)-

W (1) =

7 =A*+1
and
. - B
Vor = [ T 2 (W)f} :
=A% +1

respectively, where A* = A — A”.
Step 11: Create the 100(1 — ¢)% HPD interval of ¢ as
(a) Arrange the staying Markovian draws of v™ forw = Q" + 1,0 + 2,...,0 as

Vo v 1 Vit 425+ -+ Vi)
(b) Obtain the 100(1 — )% two-sided HPD interval (see Chen and Shao [18]) of ¢ as

(W(n*)a 1)0(71* + 1 - Q).A.))’
where 7* = A*+1, A4+ 2,..., Ais chosen as
w(n*Jr[(lfg).A']) - 1;”(n*) = min (VY tia-0ra0) — Vinry)-

1<n<oA®
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4 Monte Carlo Comparisons

To compare the performance of the proposed estimators of y, 8, i, R(¢) and A(¢), based on 1,000
APC-II samples generated from GLL(1.2,0.5,0.1), several Monte Carlo simulations are conducted.
Taking ¢t = 0.1, the actual values of (R(?), h(2)) is (0.97296, 0.32826). The procedure of obtaining an
APC-II sample from the GLL distribution is depicted in Algorithm 1.

Algorithm 1: Procedure of simulating APC-II samples

Step 1: Obtain a PC-II (by Balakrishnan and Cramer [19]) as (i)—(iv):
1 Create « independent uniform observations, from U(0, 1), of size m (say «, ks, . . . , k).
ii For specificn,m, Tand R,,i =1,2,...,m, set

-1
i+ _i1 Ri .
qi:K,-( Fon-is1 ) ,fori=1,2,...,m.

filetu,=1—ququt - Guoin fori=1,2,... . m.
iv From (2) set

1 I/
X = —[(1 ) — 1] Ci=1.2....m
“w
Step 2: Find d , where X, < T < X,,,, and discard X, ..., X,,.
Step 3: From [1 — F (x,.)]"'f (x), get the order statistics {X,,, ..., X,,} with sizen — d — Zjil R —1.

All proposed numerical evaluations are done based on different levels of 7', n and m such as
T(=1.5,2.5)and n(=50, 80). Also, for each n, the proposed choices of m are taken as failure percentages

(FPs) %(:40, 80)%. For each (n, m), three progressive scenarios R are utilized as
Scheme-1: R, =n—m, R =0 for i#1,

Scheme-2: Ry =n—m, R, =0 for i# %,

Scheme-3: R, =n—m, R, =0 for i#m.

Once the 1000 APC-II samples are collected, the MLEs along with associated 95% AClIs of y, 8, u,
R(?), and h(z) are calculated. Following the M-H algorithm, to compute the Bayes MCMC estimates of
the same parameters along with their HPD interval estimates, 12,000 MCMC variates are simulated,
and then the first 2000 variates (burn-in). Before deriving the Bayes inferences, the convergence of
the generated sequences of y, 8, u, R(f), and A(¢) should be examined first. So, using their remaining
10,000 MCMC samples, both trace and autocorrelation plots (for n[FP%] = 50[40%)] and Scheme-1 as
an example) are shown in Fig. 4. Fig. 4 displays autocorrelation and trace charts of the 10,000 MCMC
iterations of y, 8, u, R(f), and A(¢) to assess their convergence. It demonstrates that the parameters
v, 8, u, R(t) and h(r) are effectively blended in the MCMC repetitions, so all estimated results are
reasonable. It demonstrates that all unknown parameters are effectively mixed across all of the MCMC
iterations, so all acquired estimates are plausible.

Thus, the Bayes values (along with their 95% HPD intervals) of y, 8, u, R(?), and Ah(¢) against all
SE and GE (for (= —2, +2)) loss functions are also produced. To exhibit the gamma density priors’
behavior, two sets of (a;,b;), i = 1,2,3 are taken into consideration, according to the prior mean
and prior variance conditions, specifically: Prior-1: (a,,a,,a;) = (6,2.5,0.5) and b, = 5, i = 1,2, 3;
Prior-2: (a,,a,,a;) = (12,5,1) and b, = 10, i = 1,2, 3. For clarity, we have assigned the values of
(a;,b;), i =1,2,3 (given in priors 1 and 2) according to the idea presented by Kundu [20].
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Figure 4: Trace (top) and Autocorrelation (bottom) plots of y, 8, u, R(?) and A(?)

Via R 4.2.2 programming software, the classical estimates (or their ACIs) as well as the Bayes esti-
mates (or their HPD interval estimates) are evaluated by ‘maxLik’ and ‘maxLik’ packages introduced
by Henningsen and Toomet [21] and Plummer et al. [22], respectively.

In numerical setup, for ¢ = 1,2,3,4,5, the average estimates (Av.Es) of y, §, u, R(¢) and h(?)
(say A) are obtained by

AVEG) = 3" fo
V0D = 1500 Zant B
where 1¢ is the target estimate of A at ith sample, A, = ¥, A, = 8,A; = u, A, = R(7) and A5 = h(7).

Two useful criteria: (i) root mean squared-errors (RMSESs) and (ii) mean relative absolute biases
(MRABE:S) are used to compare the proposed point estimates of A such as

RMSE(,) = \/ ﬁ Z‘j" (xg» _ xg)z,

and

. 1 1000 ]
MRAB()\.;) = m - )L—
¢

respectively. The other two useful criteria: (i) average interval lengths (AILs) and (ii) coverage
percentages (CPs) to compare the interval estimates of A are also considered as

1 1000
AL = 155 2., (U = Lip):

and

G
)Lg — A

2

1 1000

CP (k) = 7555 D P (eypon) o)
where 1°(+) is an indicator function and (£(-), U (-)) denotes the two limits of (1 —@)% ACI (or (1 —0)%
HPD interval) of A,.

All point outcomes of y, §, i, R(¢) and h(¢) are listed in Tables 1-5, respectively, in such a way
that their Av.Es, RMSEs, and MRABs are listed in the first, second, and third columns, respectively.

LU
3 (D) Y5 (D)
M g
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In Tables 6-10, the AILs and CPs are reported in the first and second columns, respectively. From
Tables 1-10, in terms of the lowest (RMSE, MRAB, AIL) values and the highest CP values, the
following statements can be easily concluded:

e Generally, all inferential findings of y, 8, i, R(¢) and h(¢) behave satisfactorily in the presence
of APC-II data.

e As FP%(or n) grows, all derived estimates of y, 8, i, R(?), or h(¢) perform well. The same finding
is also reached at > R, i = 1,2,...,m decreases. This observation satisfies the consistency
property of the acquired estimators.

e As T increases, the RMSEs (or MRABs) of all unknown quantities grow; the AILs of y, §, u,
and A(7) increase except for R(7) decrease; while the CPs of y, 8, u and /(r) decrease except for
R(?) increase.

e Due to the gamma prior information, as we anticipated, the Bayes’ evaluations of y, 8, i, R(?),
and A(¢) provide good results compared to the others. A similar comment is also noted in the
case of their HPD interval estimates.

e The Bayes results obtained using Prior-2 are better than those obtained based on others.

e Asymmetric Bayes estimates of all unknown parameters have overestimates (or underestimates)
if T takes a negative (or positive) value.

e Comparing the performance of the shemes 1, 2, and 3 on the inferential results, the point and
interval estimates of y, § and i perform better using Scheme-1 (left-censoring); the estimates of
R(?) perform better using Scheme-3; the point estimates of /(¢) perform better using Scheme-2
while its interval estimates perform better using Scheme-3 than others.

e To sum up, if someone has to sample from an adaptive Type-11 progressive censored system, we
advise using the M-H method in a Bayes setup to estimate the GLL distribution parameters or
its reliability features.

Table 1: The point results of y

T (n,m)  Scheme MLE SE GE
Pr.1 Pr.1
Pr.2 Pr.2
T — -2 +2
1.5 (50,20) 1 1.350 0.536 0.247 0.956 0.457 0.240 1.235 0.156 0.061 1.244 0.050 0.038
0.996 0.435 0.233 1.213 0.150 0.042 1.222 0.030 0.023
2 1.527 0.598 0.386 0.989 0.475 0.258 1.233 0.159 0.069 1.243 0.059 0.043
0.959 0472 0.242 1.213 0.153 0.045 1.221 0.033 0.026
3 1.770 0.634 0.518 0.964 0.485 0.265 1.258 0.170 0.080 1.268 0.073 0.057
0.954 0475 0.248 1.217 0.157 0.046 1226 0.045 0.035
(50,40) 1 1.264 0471 0.212 1.006 0.374 0.183 1.151 0.142 0.052 1.159 0.044 0.032
0.980 0.363 0.178 1.190 0.137 0.031 1.198 0.027 0.018
2 1.288 0.483 0.296 0.806 0.398 0.201 1.198 0.142 0.054 1.207 0.045 0.034
0.960 0.349 0.183 1.231 0.139 0.035 1.240 0.031 0.024
3 1.458 0.533 0473 0971 0423 0.228 1.138 0.158 0.057 1.148 0.054 0.044
0.982 0.415 0.202 1.200 0.142 0.041 1.208 0.038 0.029

(Continued)
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Table 1 (continued)

T (n,m) Scheme MLE SE GE
Pr.1 Pr.1
Pr.2 Pr.2
T — -2 +2
(80,32) 1 1.263 0.434 0.207 0.994 0.346 0.174 1.172 0.134 0.034 1.165 0.039 0.030
1.019 0.327 0.151 1.132 0.127 0.029 1.208 0.022 0.017
2 1.273  0.449 0.260 0.919 0.380 0.194 1.124 0.139 0.044 1.179 0.042 0.032
0.985 0.313 0.157 1.193 0.131 0.032 1.201 0.030 0.021
3 1.689 0.472 0.381 1.069 0.399 0.209 1.194 0.142 0.051 1.137 0.052 0.041
1.058 0.351 0.182 1.158 0.129 0.035 1.149 0.036 0.027
(80,64) 1 1.236 0.395 0.188 0.959 0.324 0.160 1.143 0.125 0.030 1.238 0.031 0.025
1.077 0.295 0.138 1.131 0.117 0.022 1.203 0.019 0.012
2 1.249 0.399 0.221 1.050 0.346 0.168 1.231 0.133 0.041 1.232 0.034 0.027
1.084 0.275 0.145 1.200 0.130 0.029 1.209 0.026 0.017
3 1.643 0.448 0.307 0.964 0.377 0.195 1.224 0.139 0.049 1.135 0.047 0.037
1.097 0.227 0.176 1.200 0.135 0.031 1.105 0.039 0.023
2.5 (50,20) 1 1.634 0.751 0.482 0.989 0.475 0.253 1.231 0.157 0.059 1.240 0.047 0.036
0.959 0472 0.241 1.213 0.149 0.042 1.221 0.029 0.023
2 1.364 0.937 0.551 0.966 0.478 0.265 1.242 0.163 0.067 1.251 0.057 0.044
0954 0475 0.242 1.213 0.151 0.043 1.222 0.030 0.024
3 1.760  0.995 0.830 0.900 0.514 0.267 1.258 0.170 0.080 1.268 0.073 0.057
0.965 0.494 0.250 1.217 0.153 0.046 1.226 0.033 0.026
(50,40) 1 1.266 0.494 0.326 1.009 0.366 0.202 1.241 0.152 0.054 1.172 0.032 0.032
0958 0.364 0.181 1.203 0.147 0.034 1.209 0.022 0.017
2 1.267 0.575 0.361 0.990 0.372 0.215 1.121 0.153 0.057 1.244 0.049 0.038
0992 0.374 0.204 1.200 0.148 0.035 1.212 0.024 0.018
3 1.951 0.790 0.646 0.952 0.480 0.244 1.206 0.158 0.062 1.250 0.055 0.042
0.951 0469 0.230 1.179 0.149 0.039 1.184 0.027 0.023
(80,32) 1 1.270 0.469 0.259 1.048 0.246 0.127 1.195 0.139 0.042 1.224 0.029 0.023
1.107 0.221 0.120 1.218 0.130 0.029 1.203 0.019 0.015
2 1.268 0.499 0.320 1.076 0.260 0.128 1.236 0.148 0.052 1.128 0.035 0.030
1.082 0.251 0.126 1.170 0.135 0.033 1.187 0.022 0.017
3 1.668 0.517 0.467 1.055 0.346 0.190 1.176 0.150 0.042 1.215 0.047 0.039
1.021 0.320 0.149 1.203 0.147 0.036 1.210 0.024 0.019
(80,64) 1 1.235 0.420 0.216 1.080 0.242 0.116 1.175 0.135 0.028 1.183 0.026 0.019
1.056 0.213 0.114 1.197 0.128 0.025 1.214 0.017 0.014
2 1.236  0.424 0.268 1.109 0.249 0.122 1.139 0.137 0.039 1.204 0.029 0.022
1.059 0.236 0.120 1.207 0.131 0.031 1.178 0.018 0.016
3 1.647 0.473 0.386 0.950 0.275 0.135 1.156 0.142 0.041 1.162 0.041 0.031

0.986 0.268 0.128 1.167 0.138 0.032 1.144 0.021 0.016
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Table 2: The point results of §

T (n,m) Scheme MLE SE GE
Pr.1 Pr.1
Pr.2 Pr.2
T — -2 +2
1.5 (50,20) 1 0.535 0.241 0.223 0.563 0.124 0.140 0.573 0.078 0.145 0.549 0.049 0.098
0.559 0.107 0.118 0.526 0.043 0.099 0.467 0.034 0.066
2 0.554 0.322 0.278 0.514 0.130 0.148 0.574 0.079 0.147 0.442 0.058 0.115
0.481 0.116 0.125 0.553 0.060 0.105 0.551 0.051 0.102
3 0.783 0.772 0.773 0.380 0.162 0.183 0.393 0.118 0.162 0.364 0.136 0.123
0.441 0.132 0.161 0.450 0.063 0.127 0431 0.069 0.115
(50,40) 1 0.510 0.119 0.143 0.454 0.115 0.123 0.542 0.054 0.085 0472 0.029 0.056
0.504 0.100 0.112 0.490 0.040 0.072 0.494 0.018 0.015
2 0.522 0.143 0.184 0.564 0.124 0.132 0453 0.059 0.109 0.548 0.048 0.096
0.517 0.108 0.116 0.464 0.049 0.092 0.538 0.039 0.075
3 0.549 0.571 0.730 0.488 0.132 0.143 0.565 0.072 0.131 0.432 0.068 0.135
0.444 0.110 0.155 0.540 0.050 0.079 0.458 0.043 0.084
(80,32) 1 0.499 0.087 0.118 0.532 0.105 0.098 0478 0.046 0.071 0.523 0.024 0.047
0.508 0.096 0.056 0.511 0.038 0.046 0.508 0.010 0.016
2 0.517 0.104 0.137 0.483 0.112 0.117 0.525 0.050 0.086 0.525 0.027 0.050
0.508 0.096 0.059 0.498 0.041 0.068 0.495 0.017 0.018
3 0.841 0.487 0.698 0.469 0.116 0.120 0.464 0.056 0.107 0.448 0.053 0.103
0.495 0.098 0.062 0.512 0.046 0.072 0.487 0.018 0.035
(80,64) 1 0.500 0.063 0.090 0.547 0.098 0.077 0.504 0.036 0.051 0.548 0.020 0.020
0.533 0.094 0.043 0.503 0.034 0.040 0.498 0.015 0.010
2 0.510 0.076 0.104 0.534 0.106 0.081 0.494 0.041 0.055 0.521 0.022 0.042
0.503 0.092 0.046 0.516 0.036 0.052 0.498 0.016 0.012
3 0.876 0.420 0.553 0.457 0.096 0.126 0.540 0.051 0.080 0.476 0.025 0.049
0.497 0.094 0.055 0.516 0.039 0.040 0485 0.017 0.030
2.5 (50,20) 1 0.566 0.265 0.313 0.573 0.131 0.137 0.579 0.084 0.158 0.557 0.054 0.104
0.498 0.099 0.070 0.515 0.039 0.056 0.524 0.042 0.074
2 0.558 0.329 0.285 0.569 0.129 0.150 0.582 0.087 0.164 0.553 0.058 0.107
0.508 0.099 0.072 0.507 0.043 0.068 0.510 0.045 0.098
3 0.676 0.816 0.809 0.407 0.139 0.170 0418 0.093 0.171 0.394 0.106 0.111
0.509 0.087 0.075 0.540 0.051 0.081 0.499 0.047 0.099
(50,40) 1 0.528 0.153 0.208 0.539 0.109 0.079 0.541 0.052 0.083 0.528 0.028 0.055
0.509 0.097 0.062 0.516 0.036 0.043 0.501 0.022 0.029
2 0.526 0.263 0.197 0.533 0.105 0.089 0.547 0.057 0.094 0.467 0.034 0.067
0.508 0.096 0.065 0.517 0.041 0.047 0.499 0.025 0.029
3 0.578 0.583 0.753 0.555 0.111 0.111 0.562 0.070 0.125 0.545 0.045 0.090
0.533 0.101 0.066 0.483 0.039 0.073 0.522 0.023 0.045
80,32) 1 0.508 0.127 0.159 0.529 0.101 0.076 0.535 0.044 0.071 0.483 0.018 0.034
0.510 0.097 0.059 0.515 0.034 0.042 0498 0.015 0.019
2 0.509 0.205 0.164 0.493 0.103 0.081 0.537 0.050 0.073 0.518 0.020 0.046
0.507 0.094 0.062 0.518 0.038 0.042 0.496 0.018 0.030
3 0.873 0.548 0.650 0.488 0.112 0.093 0.498 0.045 0.068 0476 0.025 0.049
0.495 0.098 0.062 0.504 0.039 0.055 0.487 0.019 0.033

(Continued)
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Table 2 (continued)

T (n,m) Scheme MLE SE GE
Pr.1 Pr.1
Pr.2 Pr.2
T — -2 +2

(80,64) 1 0.503 0.118 0.120 0.495 0.100 0.063 0.516 0.036 0.045 0.485 0.016 0.030

0.509 0.096 0.041 0.505 0.031 0.037 0.500 0.015 0.010

2 0.505 0.138 0.123 0.529 0.093 0.067 0.502 0.037 0.057 0.483 0.017 0.033

0.493 0.091 0.056 0.500 0.034 0.040 0485 0.016 0.013

3 0.862 0.443 0.577 0.496 0.097 0.083 0.504 0.040 0.054 0.519 0.019 0.038

0.475 0.096 0.062 0.517 0.037 0.039 0.484 0.017 0.017

Table 3: The point results of

T (n,m) Scheme MLE SE GE
Pr.1 Pr.1
Pr.2 Pr.2
T — -2 +2
1.5 (50,20) 1 0.184 0.491 1.005 0.158 0.176 0.517 0.165 0.067 0.545 0.141 0.042 0.410
0.114 0.156 0.342 0.156 0.058 0.455 0.103 0.037 0.332
2 0.216 0.591 1.176 0.156 0.178 0.575 0.164 0.067 0.541 0.134 0.058 0.496
0.149 0.168 0.496 0.124 0.041 0.236 0.108 0.022 0.375
3 0.715 0.853 1.471 0.304 0.217 0.358 0.313 0.093 0.632 0.195 0.096 0.393
0.191 0.198 0.215 0.194 0.089 0.555 0.192 0.093 0.320
(50,40) 1 0.114 0.253 0.826 0.128 0.166 0.321 0.139 0.047 0.291 0.141 0.037 0.278
0.111 0.159 0.241 0.124 0.035 0.116 0.068 0.032 0.188
2 0.183 0.415 0.920 0.140 0.172 0.421 0.150 0.056 0.405 0.150 0.050 0.391
0.117 0.155 0.212 0.126 0.035 0.155 0.107 0.018 0.139
3 0.525 0.654 1.268 0.076 0.181 0.312 0.232 0.068 0.491 0.061 0.094 0.347
0.092 0.177 0.176 0.215 0.057 0.379 0.184 0.084 0.241
(80,32) 1 0.132 0.189 0.595 0.097 0.153 0.228 0.122 0.037 0.140 0.116 0.016 0.129
0.110 0.150 0.167 0.115 0.031 0.099 0.105 0.013 0.110
2 0.155 0.301 0.744 0.102 0.163 0.228 0.109 0.036 0.154 0.127 0.028 0.128
0.115 0.155 0.152 0.119 0.033 0.089 0.086 0.014 0.092
3 0.377 0482 0976 0.094 0.165 0.273 0.107 0.027 0.380 0.266 0.083 0.256
0.110 0.154 0.172 0.118 0.030 0.214 0.102 0.065 0.133
80,64) 1 0.106 0.148 0.411 0.223 0.139 0.193 0.119 0.033 0.089 0.088 0.012 0.084
0.210 0.120 0.136 0.101 0.018 0.036 0.102 0.011 0.032
2 0.145 0.239 0.452 0984 0.153 0.223 0.000 0.025 0.092 0.077 0.024 0.091
0.095 0.148 0.156 0.104 0.022 0.042 0.101 0.011 0.038
3 0.252 0.354 0.653 0.110 0.154 0.171 0.087 0.025 0.141 0.083 0.075 0.126
0.089 0.152 0.135 0.100 0.021 0.069 0.085 0.051 0.066
2.5 (50,20) 1 0.204 0.495 1.146 0.164 0.083 0.542 0.172 0.073 0.327 0.164 0.064 0.438
0.129 0.058 0.389 0.148 0.043 0.278 0.139 0.039 0.393
2 0.251 0.598 1.271 0.174 0.090 0.641 0.181 0.082 0.415 0.153 0.066 0.449
0.130 0.059 0.440 0.137 0.053 0.423 0.122 0.040 0.421
3 0.696 0.892 1.540 0.237 0.112 0.778 0.187 0.088 0.472 0.149 0.075 0.491
0.177 0.099 0.677 0.245 0.080 0.455 0.165 0.069 0.451

(Continued)
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Table 3 (continued)

T (n,m) Scheme MLE SE GE
Pr.1 Pr.1
Pr.2 Pr.2
T — -2 +2
(50,40) 1 0.129 0.272 0.895 0.088 0.071 0.357 0.129 0.041 0.290 0.133 0.033 0.331
0.113 0.055 0.249 0.123 0.035 0.228 0.072 0.028 0.283
2 0.137 0.489 0.981 0.147 0.074 0.469 0.157 0.059 0.367 0.066 0.053 0.342
0.144 0.057 0.304 0.138 0.044 0.351 0.097 0.038 0.354
3 1.265 0.697 1.374 0.179 0.092 0.650 0.185 0.085 0.449 0.126 0.066 0.362
0.142 0.074 0.443 0.157 0.058 0.385 0.096 0.054 0.342
(80,32) 1 0.155 0.219 0.664 0.090 0.067 0.295 0.121 0.035 0.179 0.123 0.024 0.235
0.111 0.057 0.178 0.117 0.030 0.181 0.100 0.020 0.146
2 0.165 0.326 0.781 0.094 0.065 0.268 0.107 0.040 0.258 0.077 0.033 0.225
0.110 0.054 0.192 0.119 0.033 0.189 0.101 0.024 0.132
3 0962 0.524 0.995 0.152 0.066 0.229 0.124 0.038 0.276 0.083 0.037 0.166
0.097 0.061 0.228 0.119 0.035 0.211 0.102 0.030 0.133
(80,64) 1 0.112 0.157 0.446 0.110 0.054 0.173 0.107 0.027 0.169 0.100 0.022 0.116
0.106 0.048 0.142 0.114 0.026 0.143 0.101 0.017 0.094
2 0.115 0.261 0.478 0.104 0.058 0.187 0.106 0.037 0.213 0.106 0.024 0.156
0.110 0.050 0.167 0.121 0.031 0.180 0.102 0.022 0.100
3 1.390 0.394 0.737 0.117 0.064 0.240 0.153 0.037 0.230 0.206 0.028 0.136

0.111 0.053 0.221 0.116 0.033 0.189 0.146 0.025 0.113

Table 4: The point results of R(?)

T (n,m) Scheme MLE SE GE
Pr.1 Pr.1
Pr.2 Pr.2
T — -2 +2
1.5 (50,20) 1 0.973 0.215 0.174 0.969 0.155 0.125 0.953 0.131 0.125 0.962 0.114 0.108
0.968 0.126 0.110 0.955 0.125 0.117 0.965 0.105 0.090
2 0974 0.170 0.151 0.968 0.126 0.118 0.961 0.129 0.119 0.970 0.110 0.103
0.968 0.116 0.106 0.959 0.125 0.115 0.971 0.104 0.087
3 0.974 0.171 0.150 0.972 0.120 0.114 0954 0.116 0.113 0.967 0.107 0.101
0969 0.113 0.101 0.961 0.113 0.109 0.971 0.091 0.084
(50,40) 1 0.973 0.171 0.147 0970 0.146 0.121 0.962 0.129 0.118 0.972 0.110 0.097
0.964 0.113 0.109 0.957 0.123 0.114 0.965 0.101 0.088
2 0984 0.164 0.136 0974 0.119 0.112 0.974 0.121 0.116 0.975 0.107 0.094
0.969 0.105 0.102 0.960 0.118 0.108 0.970 0.098 0.086
3 0.973 0.156 0.126 0.972 0.113 0.111 0968 0.113 0.112 0.973 0.104 0.091
0.965 0.104 0.092 0.960 0.102 0.101 0.966 0.091 0.080
(80,32) 1 0.973 0.162 0.133 0.961 0.131 0.112 0.960 0.120 0.112 0.970 0.104 0.087
0.964 0.106 0.102 0.958 0.119 0.108 0.970 0.091 0.080
2 0985 0.146 0.131 0.969 0.115 0.111 0.958 0.099 0.109 0.970 0.101 0.091
0.969 0.099 0.101 0.959 0.093 0.104 0.970 0.091 0.085
3 0.974 0.141 0.116 0.965 0.111 0.105 0.962 0.096 0.092 0.974 0.095 0.090
0.970 0.096 0.085 0.960 0.091 0.100 0.971 0.090 0.083

(Continued)
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Table 4 (continued)

T (n,m) Scheme MLE SE GE
Pr.1 Pr.1
Pr.2 Pr.2
T — -2 +2
(80,64) 1 0.979 0.142 0.123 0967 0.118 0.109 0.959 0.113 0.109 0.968 0.101 0.084
0.968 0.096 0.094 0.959 0.108 0.105 0.969 0.090 0.079
2 0973 0.133 0.108 0.967 0.112 0.105 0.960 0.096 0.103 0.968 0.091 0.082
0.968 0.093 0.091 0.958 0.092 0.098 0.969 0.088 0.078
3 0973 0.130 0.106 0.968 0.105 0.101 0.966 0.094 0.087 0.969 0.089 0.080
0.969 0.091 0.088 0.964 0.089 0.084 0.971 0.085 0.076
2.5 (50,20) 1 0972 0.223 0.169 0.969 0.168 0.128 0.970 0.149 0.146 0.963 0.135 0.126
0968 0.154 0.110 0.969 0.138 0.127 0.960 0.129 0.117
2 0977 0.176 0.164 0.959 0.146 0.099 0.961 0.145 0.143 0.956 0.134 0.122
0966 0.137 0.089 0967 0.136 0.124 0.952 0.132 0.118
3 0985 0.162 0.147 0.966 0.139 0.090 0.967 0.141 0.139 0.959 0.126 0.118
0967 0.135 0.084 0968 0.133 0.122 0.958 0.130 0.115
(50,40) 1 0973 0.177 0.150 0.969 0.138 0.119 0.970 0.142 0.136 0.958 0.130 0.121
0966 0.133 0.089 0.967 0.134 0.116 0.963 0.123 0.113
2 0979 0.163 0.142 0.970 0.129 0.090 0.971 0.139 0.126 0.963 0.124 0.114
0966 0.131 0.086 0.968 0.131 0.113 0.958 0.113 0.106
3 0973 0.158 0.133 0.970 0.126 0.089 0.971 0.136 0.122 0.965 0.121 0.109
0965 0.125 0.082 0.966 0.128 0.107 0.959 0.112 0.104
(80,32) 1 0973 0.169 0.134 0.968 0.133 0.109 0.970 0.136 0.114 0.959 0.128 0.119
0968 0.127 0.084 0970 0.123 0.096 0.959 0.122 0.108
2 0985 0.147 0.127 0968 0.126 0.085 0.970 0.126 0.119 0.958 0.115 0.108
0968 0.127 0.080 0.970 0.121 0.107 0.959 0.110 0.100
3 0973 0.140 0.114 0.972 0.122 0.083 0.974 0.123 0.109 0.962 0.111 0.102
0969 0.118 0.081 0.971 0.119 0.095 0.960 0.102 0.090
(80,64) 1 0978 0.147 0.126 0.967 0.128 0.101 0.968 0.125 0.106 0.959 0.123 0.115
0968 0.120 0.081 0.969 0.118 0.087 0.958 0.115 0.102
2 0973 0.141 0.114 0.967 0.124 0.089 0.968 0.122 0.116 0.959 0.111 0.107
0.967 0.122 0.082 0.969 0.118 0.084 0.958 0.103 0.081
3 0.973 0.131 0.107 0.967 0.120 0.088 0.968 0.120 0.113 0.964 0.103 0.101

0.968 0.117 0.079 0969 0.112 0.083 0.961 0.089 0.085

Table 5: The point results of /(7)

T (n,m)  Scheme MLE SE GE
Pr.1 Pr.1
Pr.2 Pr.2
T -2 +2
1.5 (50,20) 1 0.316 0.178 0.440 0.384 0.071 0.194 0.387 0.059 0.178 0.274 0.055 0.167
0.359 0.058 0.102 0.362 0.038 0.124 0.361 0.032 0.128
2 0.304 0.141 0.344 0.299 0.065 0.152  0.353 0.032 0.089 0.287 0.042 0.126
0.299 0.0542 0.099 0.299 0.029 0.083 0.298 0.031 0.109
3 0.205 0.186 0476 0.273 0.136 0.262 0.293 0.072 0.159 0.254 0.075 0.227
0.356 0.094 0.129 0.349 0.065 0.128 0.254 0.071 0.205

(Continued)
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Table 5 (continued)

T (n,m)  Scheme MLE SE GE
Pr.1 Pr.1
Pr.2 Pr.2
T — -2 +2
(50,40) 1 0.314 0.137 0.394 0.279 0.066 0.178 0.282 0.049 0.141 0.378 0.050 0.153
0.362 0.038 0.098 0.362 0.034 0.103 0.355 0.029 0.085
2 0.313 0.132 0.324 0.033 0.061 0.107 0.304 0.030 0.081 0.341 0.028 0.094
0.300 0.042 0.065 0.302 0.029 0.069 0.297 0.027 0.077
3 0.308 0.173 0424 0.327 0.116 0.216 0.265 0.064 0.133 0.282 0.046 0.140
0.299 0.087 0.107 0.365 0.052 0.116 0.300 0.035 0.115
(80,32) 1 0.320 0.142 0.349 0.341 0.054 0.094 0346 0.025 0.056 0.306 0.039 0.129
0.305 0.031 0.081 0.305 0.023 0.042 0.303 0.026 0.079
2 0.315 0.115 0.287 0.347 0.051 0.102 0.314 0.028 0.075 0.308 0.021 0.063
0.305 0.031 0.0611 0.306 0.023 0.054 0.303 0.025 0.058
3 0.196 0.156 0.409 0.262 0.076 0.166  0.288 0.042 0.122 0.290 0.038 0.117
0.293 0.043 0.098 0.293 0.035 0.103 0.308 0.021 0.062
(80,64) 1 0.321 0.114 0.281 0.309 0.034 0.077 0.311 0.022 0.049 0.332 0.025 0.113
0.311 0.026 0.060 0.310 0.019 0.035 0.310 0.018 0.055
2 0.320 0.109 0.267 0.310 0.028 0.080  0.310 0.019 0.055 0.309 0.019 0.029
0.310 0.024 0.057 0.310 0.018 0.031 0.338 0.017 0.026
3 0.316 0.143 0.356 0.286 0.054 0.139 0.308 0.040 0.106 0.290 0.034 0.105
0.313 0.030 0.055 0.314 0.015 0.093 0.346 0.019 0.055
2.5 (50,20) 1 0.329 0.188 0.439 0.328 0.085 0.103 0.337 0.049 0.086 0.290 0.038 0.117
0.313 0.082 0.097 0.305 0.043 0.079 0.348 0.028 0.079
2 0.311 0.148 0.362 0.395 0.081 0.099 0.397 0.042 0.082 0.303 0.025 0.077
0.321 0.078 0.093 0.321 0.037 0.061 0.348 0.021 0.060
3 0.191 0.177 0470 0.342 0.120 0.144 0.265 0.064 0.193 0.254 0.074 0.125
0.356 0.079 0.094 0.359 0.057 0.123 0.388 0.060 0.101
(50,40) 1 0.327 0.169 0.370 0.315 0.082 0.084 0.323 0.033 0.073 0.303 0.027 0.077
0.336  0.069 0.079 0.317 0.028 0.057 0.305 0.024 0.070
2 0.316 0.135 0.331 0.306 0.078 0.090 0.314 0.032 0.073 0.306 0.023 0.069
0.330 0.058 0.072 0.332 0.027 0.053 0.311 0.017 0.053
3 0.295 0.166 0.433 0.288 0.111 0.124 0.302 0.056 0.160 0.274 0.055 0.116
0.310 0.075 0.092 0.362 0.044 0.116 0.297 0.032 0.096
(80,32) 1 0.318 0.143 0.350 0.338 0.069 0.079 0.308 0.027 0.062 0.305 0.023 0.070
0.305 0.051 0.074 0.311 0.020 0.051 0.305 0.021 0.060
2 0.320 0.116 0.284 0.339 0.052 0.085 0.343 0.021 0.055 0.312 0.017 0.050
0.305 0.043 0.068 0.306 0.019 0.049 0.320 0.012 0.025
3 0.191 0.158 0.415 0.356 0.075 0.116  0.362 0.045 0.104 0.309 0.020 0.060
0.293 0.050 0.104 0.293 0.035 0.095 0.318 0.014 0.031
(80,64) 1 0.325 0.120 0.294 0.307 0.060 0.072 0.341 0.022 0.058 0.324 0.019 0.044
0.311 0.047 0.055 0.338 0.018 0.047 0.332 0.016 0.030
2 0.323 0.112 0276 0.311 0.048 0.066 0.312 0.019 0.051 0.328 0.016 0.038
0.312 0.039 0.053 0.312 0.016 0.038 0.333 0.010 0.021
3 0.306 0.141 0.352 0.262 0.071  0.096 0.330 0.039 0.069 0.332 0.017 0.053

0.330 0.042 0.067 0.314 0.024 0.069 0.326 0.013 0.024
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Table 6: The interval results of y

T (n,m) Scheme ACI HPD
Prior — 1 2
1.5 (50,20) 1 1.270 0.924 0312 0934 0.246 0.946
2 1.362 0915 0.314 0932 0.250 0.944
3 1.688 0.904 0.345 0.927 0.255 0.941
(50,40) 1 0.921 0929 0243 0946 0.215 00953
2 0.956 0922 0267 0943 0.221 00951
3 0.979 0915 0284 0.939 0.231 0948
(80,32) 1 0.876 0937 0.204 0.952 0.198 0.956
2 0.857 0.928 0.240 0.949 0.205 0.954
3 0.893 0.924 0249 0947 0.227 0950
(80,64) 1 0.698 0945 0.191 0954 0.177 0.959
2 0.705 0936 0.200 0.953 0.187 0.958
3 0.803 0932 0.228 0.950 0.201 0.955
2.5 (50,20) 1 1.280 0.922 0.317 0931 0.256 0.942
2 1.375 0913 0324 0.929 0.259 0.940
3 1.689 0.904 0.348 0.925 0.260 0.937
(50,40) 1 0.939 0.927 0260 0.942 0.234 0.949
2 0.964 0920 0.277 0941 0.238 0.949
3 1.391 0909 0.288 0.938 0.246 0.945
(80,32) 1 0.887 0934 0225 0946 0.203 0.953
2 0915 0.926 0257 0943 0.230 0.950
3 1.278 0912 0.265 0.942 0.235 0.948
(80,64) 1 0.699 0943 0.198 0.953 0.199 0.956
2 0.714 0933 0.220 0.950 0.218 0.954
3 1.208 0918 0.232 0948 0.219 0.954
Table 7: The interval results of §
T (n,m) Scheme ACI HPD
Prior — 1 2
1.5 (50,20) 0.645 0.914 0.244 0.931 0.181 0.948

1

2 0.661 0.909 0.253 0.928 0.186 0.947
3 1.217 0.893 0.260 0.927 0.188 0.947
1 0.477 0.926 0.210 0.936 0.161 0.955
2 0.498 0.918 0.214 0.935 0.168 0.953
3 1.194 0.899 0.217 0.933 0.184 0.950

(Continued)
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Table 7 (continued)

T (n,m) Scheme ACI HPD
Prior — 1 2
(80,32) 1 0.398 0.932 0.183 0.944 0.155 0.961
2 0.434 0.925 0.211 0.941 0.158 0.960
3 1.025 0.908 0.214 0.939 0.164 0.958
(80,64) 1 0.321 0.935 0.169 0.947 0.139 0.966
2 0.333 0.934 0.194 0.942 0.153 0.962
3 0.820 0.917 0.204 0.940 0.159 0.961
2.5 (50,20) 1 0.674 0.911 0.250 0.927 0.187 0.945
2 0.712 0.903 0.262 0.925 0.189 0.945
3 1.267 0.887 0.267 0.925 0.216 0.942
(50,40) 1 0.517 0.921 0.216 0.933 0.174 0.948
2 0.522 0.914 0.219 0.932 0.187 0.946
3 1.198 0.897 0.224 0.929 0.200 0.944
(80,32) 1 0.423 0.928 0.212 0.941 0.161 0.957
2 0.423 0.923 0.217 0.938 0.173 0.954
3 1.035 0.906 0.219 0.937 0.181 0.952
(80,64) 1 0.328 0.934 0.202 0.943 0.153 0.959
2 0.346 0.932 0.206 0.942 0.158 0.958
3 0.924 0.913 0.216 0.939 0.159 0.958
Table 8: The interval results of 1
T (n,m) Scheme ACI HPD
Prior — 1 2
1.5 (50,20) 1 1.046 0.921 0.154 0.943 0.114 0.948
2 1.150 0.916 0.169 0.940 0.117 0.946
3 1.395 0.908 0.217 0.932 0.129 0.943
(50,40) 1 0.715 0.931 0.149 0.945 0.102 0.951
2 0.811 0.927 0.152 0.944 0.110 0.949
3 1.299 0.913 0.192 0.937 0.114 0.948
(80,32) 1 0.633 0.935 0.128 0.947 0.097 0.954
2 0.752 0.927 0.146 0.945 0.108 0.952
3 0.979 0.920 0.147 0.945 0.111 0.951
(80,64) 1 0.522 0.939 0.122 0.950 0.084 0.956
2 0.555 0.937 0.125 0.948 0.092 0.955
3 0.895 0.929 0.128 0.947 0.101 0.953

(Continued)
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Table 8 (continued)

T (n,m) Scheme ACI HPD
Prior — 1 2
2.5 (50,20) 1 1.139 0.918 0.155 0.942 0.122 0.945
2 1.217 0.909 0.183 0.936 0.124 0.944
3 1.418 0.905 0.227 0.929 0.132 0.942
(50,40) 1 0.857 0.925 0.151 0.943 0.107 0.948
2 0.948 0.920 0.155 0.942 0.113 0.946
3 1.303 0911 0.202 0.935 0.116 0.946
(80,32) 1 0.768 0.931 0.148 0.945 0.105 0.949
2 0.887 0.924 0.149 0.944 0.112 0.947
3 1.057 0.916 0.166 0.941 0.113 0.946
(80,64) 1 0.541 0.937 0.135 0.948 0.094 0.954
2 0.589 0.935 0.138 0.947 0.105 0.952
3 0.943 0.927 0.141 0.945 0.110 0.950
Table 9: The interval results of R(¢)
T (n,m) Scheme ACI HPD
Prior — 1 2
1.5 (50,20) 1 0.083 0.934 0.079 0.937 0.072 0.939
2 0.082 0.935 0.078 0.938 0.060 0.944
3 0.081 0.937 0.076 0.940 0.055 0.946
(50,40) 1 0.081 0.936 0.076 0.939 0.065 0.942
2 0.078 0.938 0.075 0.940 0.058 0.945
3 0.077 0.939 0.074 0.941 0.048 0.950
(80,32) 1 0.077 0.938 0.073 0.940 0.061 0.944
2 0.073 0.940 0.071 0.942 0.047 0.949
3 0.070 0.9410 0.067 0.9440 0.045 0.951
(80,64) 1 0.073 0.939 0.070 0.943 0.046 0.950
2 0.071 0.941 0.069 0.944 0.045 0.951
3 0.062 0.944 0.054 0.947 0.042 0.953
2.5 (50,20) 1 0.079 0.937 0.074 0.939 0.065 0.942
2 0.078 0.937 0.073 0.940 0.059 0.945
3 0.073 0.939 0.070 0.942 0.055 0.947
(50,40) 1 0.076 0.938 0.068 0.943 0.059 0.945
2 0.074 0.939 0.066 0.943 0.056 0.946
3 0.067 0.941 0.065 0.944 0.053 0.947

(Continued)
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Table 9 (continued)

T (n,m) Scheme ACI HPD
Prior — 1 2
(80,32) 1 0.073 0.940 0.071 0.942 0.051 0.947
2 0.071 0.942 0.069 0.943 0.048 0.949
3 0.064 0.945 0.061 0.946 0.043 0.952
(80,64) | 0.072 0.941 0.069 0.944 0.048 0.949
2 0.070 0.942 0.067 0.944 0.045 0.951
3 0.060 0.946 0.053 0.947 0.032 0.957
Table 10: The interval results of /(¢)
T (n, m) Scheme ACI HPD
Prior — 1 2
1.5 (50,20) 1 0.644 0.924 0.258 0.932 0.169 0.942
2 0.523 0.929 0.161 0.943 0.110 0.951
3 0.496 0.934 0.124 0.945 0.085 0.954
(50,40) 1 0.577 0.931 0.170 0.941 0.099 0.950
2 0.510 0.933 0.135 0.946 0.073 0.956
3 0.402 0.937 0.119 0.948 0.072 0.956
(80,32) 1 0.517 0.933 0.149 0.943 0.072 0.953
2 0.429 0.936 0.091 0.956 0.058 0.959
3 0.389 0.940 0.075 0.958 0.045 0.962
(80,64) 1 0.441 0.937 0.119 0.950 0.081 0.955
2 0.417 0.939 0.069 0.959 0.035 0.964
3 0.287 0.944 0.066 0.961 0.032 0.965
2.5 (50,20) 1 0.662 0.921 0.255 0.931 0.145 0.938
2 0.558 0.925 0.215 0.937 0.136 0.947
3 0.524 0.928 0.171 0.940 0.100 0.952
(50,40) 1 0.544 0.927 0.164 0.938 0.139 0.945
2 0.528 0.930 0.160 0.943 0.094 0.951
3 0.497 0.932 0.131 0.945 0.081 0.955
(80,32) 1 0.464 0.935 0.159 0.940 0.094 0.951
2 0.431 0.937 0.134 0.945 0.071 0.956
3 0.422 0.938 0.125 0.947 0.049 0.960
(80,64) 1 0.453 0.936 0.125 0.946 0.054 0.958
2 0.362 0.941 0.086 0.954 0.043 0.963
3 0.297 0.943 0.075 0.958 0.040 0.965
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5 Real Data Analysis

In this part, four examples based on data sets gathered from the physical and biomedicine domains
are analyzed to highlight the benefit of the presented estimating approaches and to verify the validity
of the study outcomes to real circumstances.

5.1 Physical Applications

This subsection describes the analysis of two different sets of physical data. First data set (say Eng-
I), by Xu et al. [23], consists of forty observations of the time-to-failure (10° h) of the turbocharger
of the same type of engine. Other data set (say Eng-1I), by Murthy et al. [24], representing the failure
times of twenty mechanical units. All data points in Eng-II are multiplied by ten for computational
convenience. In Table 11, both Eng-1 and Eng-II data sets are sorted and presented.

Table 11: Times-to-failure of turbocharger (Eng-I) and mechanical components (Eng-1I)

Data Times

Eng-1 1.6 2.0 2.6 3.0 3.5 3.9 4.5 4.6 4.8 5.0
5.1 5.3 5.4 5.6 5.8 6.0 6.0 6.1 6.3 6.5
6.5 6.7 7.0 7.1 7.3 7.3 7.3 7.7 7.7 7.8
7.9 8.0 8.1 8.3 8.4 8.4 8.5 8.7 8.8 9.0

Eng-I. 067 068 0.76 0.81 084 085 085 0.86 0.89 0.98
098 114 1.14 115 121 125 131 149 1.60 4.85

Firstly, to see the superiority of the proposed GLL model, using Eng-1 and Eng-II data sets,
the GLL distribution is compared to five other common distributions in literature, namely: alpha-
power exponential (APE), generalized-exponential (GE), log-logistic (LL), Weibull (W), and gamma
(G) distributions. These competitive distributions (for x > 0 and y, 8, u > 0) are reported in Table 12.

Table 12: Competitive models of the GLL distribution

Dist. PDF Author(s)
APE 8(y — D 'log(y)ey! =" Mahdavi and Kundu [25]
GE yde (1 — eyt Gupta and Kundu [26]

y X y—1 xX\7 -2 . 5
LL 5 (5) (1+(5) ) Bam [27]
W yoxrle™ Weibull [28]

5)/

G X' tem™ Johnson et al. [29]

()

Using different criteria of distribution selection namely: (1) negative log-likelihood (NL), (2)
Akaike (A), (3) consistent Akaike (CA), (4) Bayesian (B), and (5) Hannan—Quinn (HQ) informations,
we shall compare the GLL distribution with its competitive models based on Eng-1 and Eng-II data
sets. Besides them, three popular statistics, namely: (1) Anderson—Darling (AD), (2) Cramér-von
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Mises (CvM), and (3) Kolmogorov—Smirnov (KS) (with its p-value) statistics are also considered. All
given information criteria or goodness-of-fit statistics are evaluated through the maximum likelihood
estimation method. From Eng-I and Eng-II data sets, in Table 13, the fitted values of (A, CA, B,
HQ, AD, CvM, NL, KS) as well as the MLEs (with their standard errors (St.Es)) of unknown model
parameters are listed. This comparison is made via R software by installing the ‘AdequacyModel’
package introduced by Marinho et al. [30]. The findings in Table 13 stated that the GLL model has
the highest p-value and the smallest value of A, CA, B, HQ, AD, CvM, and KS statistics. This result
shows that the GLL distribution is better than others. Further, using Eng-1 and Eng-II data sets,
Fig. 5 displays the total time test (TTT), fitted density with histogram and fitted reliability plots of
the GLL distribution and all other considered distributions. Fig. 5 shows that the GLL hazard rate
has an increasing shape (for Eng-I data) and upside-down bathtub shape (for Eng-II data). It also
indicates that the fitted GLL reliability line is the closest to the empirical reliability line, and the fitted
GLL density holds the histograms well for both given Eng-I and Eng-II data sets.

Table 13: Fitting results of GLL and its competitors from Eng-1 and Eng-II data sets

Model MLE A AC B NL KS
St.E HQ AD CvM
y ) N Statistic ~ p-value
Eng-1

GLL 3.8726  0.1445 0.0024 170.95 171.62 176.02 82.476  0.108 0.742
0.5178 0.0062 1.1659 17278 0.5730  0.0770

APE 95.659 03373 - 193.55 193.88 19693 94.776  0.211 0.056
56.013  0.0335 - 194.77  1.2090  0.1793

GE 9.5141 0.4498 - 184.29 184.61 187.66 90.143 0.154 0.298
2.8959  0.0578 - 185.51  1.7601  0.2757

LL 4.8416 6.2249 - 181.41 181.74 184.79  88.707  0.144 0.381
0.6536  0.3480 - 182.63  1.4072  0.2142

W 3.1162  0.0026 - 17137  171.69 17475  83.685 0.119 0.624
0.1270  0.0005 - 172.59  0.7081  0.0976

G 7.7226  0.8096  — 178.82  179.14 18220 87.410 0.128 0.531
1.6907 0.1831 — 180.04 1.3616  0.2053

Eng-11

GLL 14331  1.1797 1.3262  20.128  21.628  23.115 7.0641  0.112 0.962
7.5484  0.1101  0.1143  20.711  0.3017  0.0420
APE 49874 1.7167 - 38477 39.183 40.468 17.238  0.276 0.096

41.341  0.2669 - 38.865 1.8465 0.2810

GE 13.809  2.7741 — 30.151  30.856  32.142 13.075 0.160 0.683
8.3600 0.6103 — 30.539  1.2513  0.1758

LL 5.0860 1.0161 — 23.746 24452 25737 9.8729  0.119 0.938
0.9628 0.0755 — 24.134  0.6606  0.0880

(Continued)
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Table 13 (continued)

Model MLE A AC B NL KS
St.E HQ AD CvM
y 3 I Statistic ~ p-value
W 1.6422  0.5921 - 43258 43964 45249 19.629 0.264 0.123
0.2313  0.1620 - 43.647  2.4520  0.3971
G 42439  0.2864 - 36.322  37.027 38.313 16.161 0.225 0.262
1.2924  0.0926 - 36.710  1.9068  0.2920
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Figure 5: The TTT (left), PDFs (center) and RFs (right) of GLL and its competitors models from
Eng-I and Eng-II data sets

The associated probability-probability (PP) plot, which displays the relation between observed
cumulative probability (OCP) and expected cumulative distribution function (ECDF), of the GLL and
others, is plotted; see Fig. 6. It also backs up identical facts listed in Table 13. Three artificial APC-II
samples based on different combinations of m, T and (R, R, . .., R,,) are generated from the complete
Eng-I and Eng-II data sets, respectively. By taking m = 20 and R = (1%°) (for Eng-I data) and m = 10
and R = (1'%) are created; see Table 14. For example, R = (1,1, 1, 1, 1) is symbolized by R = (1'°) for
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short. For each censored sample in Table 14, the acquired frequentist and Bayes estimates (with their
St.Es)of y, 8, u, R(¢), and h(¢) at distinct times ¢t = 5 (for Eng-I) and # = 0.5 (for Eng-II) are acquired,
see Table 15. Also, in Table 16, the 95% ACI/HPD intervals (with their lengths) are presented. Based
on the improper gamma priors, to calculate the Bayes point (or HPD interval) estimates, we discard
the first 10,000 ‘burn-in’ iterations from 50,000 MCMC variates. The Bayes estimates are developed
using SE and GE (for §(= —5, —0.05, +5)) loss functions. As a result, from Tables 15-16, the results
of y, 8, u, R(¢) or h(¢) are quite near to each other.

GLL

APE

GE

GE

Figure 6: The PP diagrams of GLL and its competitive models from Eng-I and Eng-II data sets

Table 14: Artificial APC-II samples from Eng-1 and Eng-II data sets

Data[Sample] Censored data T(d) R,

Eng-I[S|] 1.6 2.0 2.6 3.0 3.5 3.9 4.6 4.8 5.0 5.1 6.4(14) 6
5.3 54 5.6 6.3 6.5 6.7 7.0 7.1 7.3 7.9

Eng-1[.S,] 1.6 2.0 3.0 3.9 4.6 5.1 5.3 54 5.6 5.8 6.9(15) 5
6.1 6.3 6.5 6.5 6.7 7.3 7.3 7.3 7.8 7.9

Eng-I[S;] 1.6 2.0 3.0 3.5 3.9 4.5 5.0 5.1 5.3 54 7.1(17) 3
5.6 5.8 6.0 6.3 6.5 6.5 6.7 7.3 7.3 7.8

Eng-11[S|] 0.67 0.68 081 084 085 085 098 1.14 1.15 1.21 0.9(6) 4

Eng-II[S,] 0.67 0.76 084 085 086 089 098 1.14 1.14 1.15 1(7) 3

Eng-I1[S;] 0.67 081 084 085 085 086 0.89 1.15 1.25 131 1.2(8) 2
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Table 15: Point estimates of y, §, u, R(¢) and A(¢) from Eng-1 and Eng-II data sets

Data[Sample] Par. MLE SE GE
T — -5 —0.05 +5
Est. St.E Est. St.E Est. St.E Est. St.E Est. St.E
Eng-I[S]] y 2.92768 0.00088 2.92735 0.01003 2.92742 0.00026 2.92734 0.00034 2.92725 0.00043
1) 0.13634 0.01041 0.13607 0.00725 0.13684 0.00049 0.13588 0.00046 0.13490 0.00145
m 0.00018 0.00113 0.00018 0.00010 0.00018 0.00090 0.00018 0.00050 0.00017 0.00011

R(5)  0.72201 0.05290 0.72242 0.03642 0.72603 0.00403 0.72154 0.00047 0.71673 0.00528
h(5) 0.19072  0.04289 0.19112 0.02972 0.20027 0.00954 0.18893 0.00180 0.17720 0.01352

Eng-1[S>] y 3.65180 0.00762 3.65161 0.01002 3.65166 0.00014 3.65160 0.00021 3.65153 0.00028
1) 0.13231 0.00810 0.13197 0.00629 0.13257 0.00025 0.13183 0.00048 0.13106 0.00125
" 0.00153 0.00639 0.00153 0.00001 0.00153 0.00014 0.00153 2.02147 0.00153 0.00030

R(5)  0.80157 0.05089 0.80187 0.03059 0.80417 0.00261 0.80131 0.00021 0.79827 0.00330
h(5) 0.16154 0.04607 0.16180 0.02802 0.17135 0.00981 0.15950 0.00205 0.14720 0.01435

Eng-1[S3] y 3.59502 0.00314 3.59471 0.01003 3.59477 0.00025 3.59470 0.00032 3.59463 0.00039
8 0.14067 0.00875 0.14038 0.00661 0.14099 0.00032 0.14023 0.00045 0.13943 0.00124
" 0.00060 0.00009 0.00059 0.00010 0.00062 0.00024 0.00058 0.00017 0.00051 0.00009

R(S)  0.75409 0.04762 0.75436 0.03571 0.75769 0.00360 0.75355 0.00054 0.74912 0.00497
h(5) 0.20293 0.04538 0.20348 0.03427 0.21483 0.01190 0.20074 0.00220 0.18599 0.01695

Eng-11[S1] y 11.9203 8.26081 11.9194 0.09904 11.9211 0.00074 11.9190 0.00129 11.9170 0.00337
1) 1.13074 0.17359 1.14652 0.05312 1.15100 0.02026 1.14545 0.01471 1.13978 0.00905
n 1.29443 0.20659 1.32327 0.07731 1.33102 0.03660 1.32142 0.02700 1.31155 0.01713

R(0.5) 0.99889 0.00280 0.99851 0.00091 0.99851 0.00037 0.99851 0.00038 0.99851 0.00038
h(0.5) 0.02646 0.05891 0.03527 0.02134 0.05792 0.03146 0.03098 0.00452 0.01520 0.01126

Eng-11[S>] y 6.38145 0.08742 6.38457 0.09958 6.38767 0.00622 6.38383 0.00238 6.37991 0.00154
8 0.89909 0.04456 0.90384 0.04020 0.90733 0.00824 0.90300 0.00391 0.89842 0.00067
n 0.14165 0.14672 0.14444 0.01022 0.14576 0.00411 0.14412 0.00246 0.14238 0.00073

R(0.5) 0.99393 0.00706 0.99352 0.00192 0.99352 0.00041 0.99351 0.00042 0.99351 0.00043
h(0.5) 0.07765 0.08945 0.08299 0.02433 0.09615 0.01850 0.07980 0.00215 0.06244 0.01521

Eng-11[S3] y 16.6830 6.29230 16.6838 0.10033 16.6850 0.00203 16.6835 0.00054 16.6820 0.00099
8 1.13158 0.07186 1.13078 0.02205 1.13164 0.00006 1.13058 0.00100 1.12948 0.00210
I 1.26372 0.08401 1.26419 0.00999 1.26435 0.00063 1.26415 0.00043 1.26396 0.00023

R(0.5) 0.99993 0.00024 0.99992 0.00026 0.99952 0.00020 0.99922 0.00010 0.99902 0.00010
h(0.5) 0.00249 0.00744 0.00259 0.00085 0.00313 0.00064 0.00246 0.00003 0.00180 0.00069

Table 16: Interval estimates of y, §, i, R(¢) and A(¢) from Eng-I and Eng-II data sets

Data[Sample] Par. ACI HPD
Lower Upper Length Lower Upper Length
Eng-1[S|] y 2.92595 2.92941 0.00345 2.90830 2.94737 0.03907
) 0.11593 0.15675 0.04082 0.12209 0.15022 0.02813
7 0.00000 0.00239 0.00239 0.00011 0.00030 0.00024
R(5) 0.61832 0.82569 0.20738 0.65110 0.79177 0.14067
h(5) 0.10665 0.27479 0.16814 0.13352 0.24779 0.11427

(Continued)
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Table 16 (continued)
Data[Sample] Par. ACI HPD
Lower Upper Length Lower Upper Length

Eng-1[S;] 4 3.63687 3.66673 0.02986 3.63182 3.67091 0.03909
) 0.11643 0.14819 0.03176 0.11992 0.14444 0.02452
I 0.00000 0.01406 0.01406 0.00141 0.00165 0.00024
R(5) 0.70183 0.90130 0.19947 0.74160 0.86086 0.11927
h(5) 0.07126 0.25183 0.18057 0.10952 0.21836 0.10884
Eng-I[S;] 4 3.58886 3.60118 0.01232 3.57550 3.61472 0.03922
) 0.12352 0.15782 0.03430 0.12744 0.15308 0.02565
i 0.00041 0.00078 0.00037 0.00039 0.00079 0.00039
R(5) 0.66076 0.84742 0.18666 0.68463 0.82245 0.13781
h(5) 0.11399 0.29187 0.17788 0.13926 0.27108 0.13182
Eng-II[S)] 4 0.00000 28.1112 28.1112 11.7305 12.1229 0.39242
8 0.79051 1.47096 0.68050 1.04888 1.24511 0.19624
I 0.88952 1.69933 0.80980 1.18382 1.46199 0.27817
R(0.5) 0.99340 0.99890 0.00550 0.99681 0.99965 0.00284
h(0.5) 0.00000 0.14193 0.14193 0.00827 0.07529 0.06702
Eng-II[S5] Y 6.21010 6.55280 0.34270 6.19308 6.57916 0.38608
8 0.81176 0.98642 0.17466 0.82447 0.97946 0.15499
I 0.00000 0.42921 0.42921 0.12553 0.16381 0.03828
R(0.5) 0.98009 0.99940 0.01930 0.98984 0.99695 0.00711
h(0.5) 0.00000 0.25297 0.25297 0.03879 0.12879 0.08999
Eng-II[S;] Y 4.35032 29.0157 24.6653 16.4912 16.8820 0.39083

) 0.99073 1.27242 0.28169 1.08708 1.17361 0.08653
I 1.09907 1.42837 0.32929 1.24587 1.28460 0.03873
R(0.5) 0.99935 0.99990 0.00060 0.99951 0.99980 0.00031
h(0.5) 0.00000 0.01708 0.01708 0.00112 0.00429 0.00317

5.2 Biomedical Applications

Two biomedical applications from clinical trials, one based on real human medicine and the other
on real veterinary medicine, are discussed in this subsection. First data set (say Biom-I) describes a
relief time (in hours) for fifty arthritis patients. For computational purposes, each data point in Biom-
I is multiplied by ten. This data was first presented by Wingo [31] and reanalyzed by Wu et al. [32].
The other data set represents the lifetimes (in days) of 72 guinea pigs injected with various doses (per
0.5 mL) of tubercle bacilli as 4 x 10° bacillary units. This data was originally given by Bjerkedal [33] and
later discussed by Dube et al. [34] and Xu and Gui [35]. Table 17 presents both Biom-I and Biom-II
data sets in order.
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Table 17: Survival times of arthritis patients (Biom-I) and guinea pigs (Biom-II)

Data Times

Biom-I 29 29 34 34 35 36 36 36 44 44 46 46 49 49 50
50 52 54 55 55 55 56 57 58 59 59 60 60 6.1 6.1
62 64 68 70 70 71 71 71 72 73 75 75 80 80 8.1
82 84 84 84 87

Biom-II 12 15 22 24 24 32 32 33 34 38 38 43 44 48 52
53 54 54 55 56 57 58 58 59 60 60 60 60 61 62
63 65 65 67 68 70 70 72 73 75 76 76 81 83 &4
8 8 91 95 9 98 99 109 110 121 127 129 131 143 146
146 175 175 211 233 258 258 263 297 341 341 376

From Biom-I and Biom-II data sets, to show the GLL distribution has the best fit compared to
APE, GE, LL, W and G lifetime models, the proposed criteria called NL, A, CA, B, HQ, AD, CvM
and KS (p-value) are computed and presented in Table 18. Additionally, the MLE (with its St.E) of
y, 8 or u is also obtained, see Table 18. It indicates that the GLL distribution offers an adequate fit
compared to its competing distributions.

Table 18: Fitting results of GLL and its competitive models from Biom-I and Biom-II data sets

Model MLE A AC B NL KS
St.E HQ AD CvM Statistic  p-value
14 § 2
Biom-I

GLL 4.2457  0.1537 0.0091 193.39 19391 199.12 93.694  0.084 0.872
0.4799 0.0054  0.5378  195.57 0.3915  0.0477
APE 211.36  0.3823 - 225.03 22528 22885 110.51  0.207 0.028

11233 0.0313 226.48  0.6228  0.0761

GE 26.459  0.6482 - 198.85 199.10 202.67 97.424 0.108 0.605
9.5486  0.0732 200.30  0.9989 0.1374

LL 5.8875 5.8019 - 198.79  199.04 202.61 97.394 0.103 0.661
0.6906  0.2445 200.24  0.7940  0.1002
3.2688  0.0024 - 196.20  196.45 200.02 96.100 0.117 0.500
0.1124  0.0004 197.66  0.4037  0.0469

G 12.457 04741 - 194.52  194.78 198.35 95.261  0.101 0.684
24584  0.0955 19598  0.6296  0.0777

(Continued)

https://www.scipedia.com/public/Mohammed_et_al_2025 29


https://www.scipedia.com/public/Mohammed_et_al_2025

S

H. S. Mohammed, O. E. Abo-kasem, Z. F Jaheen and A. Elshahhat,
Physical and biomedical applications of a newly extended version of the log-logistic

I p E D I A model using adaptive-progressive censored sampling,
Rev. int. métodos numér. célc. diseno ing. (2025). Vol.41, (3), 46

Table 18 (continued)

Model MLE A AC B NL KS
St.E HQ AD CvM Statistic  p-value
14 $ I
Biom-II

GLL 3.0708 0.0146  0.0168  784.95 78531 791.78 389.48  0.086 0.666
0.5976  0.0015 0.0031  787.67 0.4658  0.0769
APE 24.576  0.0189 — 797.16  797.33  801.71  396.58  0.138 0.130

20.135  0.0025 798.97  2.2788  0.4092

GE 24813  0.0170 — 790.22  790.39 79477 393.11 0.133 0.157
0.4788  0.0022 792.03  1.5917  0.2918

LL 2.5404 75311 - 783.93  784.10  788.48  389.96  0.086 0.657
0.2537  6.0220 785.74  0.6557  0.1171
1.2575  0.0029 - 799.70  799.87 804.25 397.85 0.144 0.100
0.0428  0.0005 801.51  2.2094 0.4019

G 2.0761  48.106 — 792.50  792.67 797.05 39425 0.138 0.127
0.3227  8.4580 794.31  1.8587  0.3395

The PP, TTT, estimated RFs and estimated PDFs plots of GLL, APE, GE, LL, W and G
distributions are displayed in Fig. 7-8. However, Fig. 7 shows that the GLL model is the best when
compared to other considered distributions in presence of Biom-I and Biom-II data sets. Also, Fig. §
demonstrates that the GLL hazard rate increases for both given Biom-I and Biom-II data sets. It also
indicates that the GLL density captures the data histograms quite well.

GLL APE GE GLL APE GE

(a) Biom-I (b) Biom-IT

Figure 7: The PP diagrams of the GLL and its competitive models from Biom-I and Biom-II data sets
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Figure 8: The TTT (left), estimated PDFs (center) and estimated RFs (right) of the GLL and its
competitive models from Biom-I and Biom-II data sets

Using the complete Biom-I and Biom-II data sets provided in Table 17, by taking m = 25 and
R = (1) (for Biom-I) as well as taking m = 36 and R = (1°°) (for Biom-II), three artificial APC-II
samples are generated and presented in Table 19. For each S;, i = 1,2, 3 in Biom-I (or Biom-II) data,
the point as well as 95% interval estimates are provided in Tables 20-21, respectively. The reliability
time parameters R(¢) and /() from Biom-I and Biom-II data sets are estimated at distinct times 7 = 5
and 15, respectively. Using non-informative priors, based on 40,000 samples after 10,000 iterations as
burn-in, all Bayes’ calculations are performed. it is clear, from Tables 20 and 21, that the Bayes MCMC
(or HPD interval) estimates of y, 8, i, R(¢), or /() are better than those point (or interval) estimates
derived from the likelihood approach.

To sum up, if the test sample is obtained from an adaptive Type-II progressively censoring, based
on four different real-life data sets taken from physical and biomedical scenarios, we can decide that
the investigated approaches to deriving point (or interval) estimates of the generalized log-logistic
parameters of life are recommended.
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Table 19: Artificial APC-II samples from Biom-I and Biom-II data sets

Data[Sample] Censored data Td) R,

Biom-I[S)] 29 29 34 34 35 3.6 3.6 3.6 44 44 49 49 52 54 56 57 6.1 64 6.2(17) 8
68 7.0 7.0 7.1 7.2 7.3 1.5

Biom-I[S5] 29 29 34 34 35 3.6 3.6 36 44 44 49 49 50 50 52 55 55 56 59(19) 6
58 6.0 6.1 62 64 7.1 7.2

Biom-I[S3] 29 29 34 3.6 3.6 44 44 46 46 50 50 52 54 55 55 55 58 59 6.521) 4
6.0 6.0 6.1 6.8 7.1 7.2 7.3

Biom-II[S;] 12 15 22 24 32 33 38 43 44 52 54 54 55 56 57 58 58 59 7427 9
60 61 62 63 68 70 70 72 73 75 76 76 81 83 84 85 &7 91

Biom-II[S;] 12 22 24 33 34 38 43 52 53 54 56 57 59 60 61 62 63 65 9530) 6
65 72 73 75 76 76 81 83 84 85 87 91 95 96 98 99 109 127

Biom-II[S;] 12 15 24 32 34 38 44 48 52 53 54 54 55 56 58 59 60 62 11533) 3
65 67 68 73 75 83 84 85 87 91 95 96 98 99 110 129 131 143

Table 20: Point estimates of y, §, u, R(¢) and /(¢) from Biom-I and Biom-II data sets

Data[Sample] Par. MLE SE GE
T — =5 —0.05 +5
Est. St.E Est. St.E Est. St.E Est. St.E Est. St.E
Biom-I[Sq] y 3.60346 0.00601 3.60363 0.01007 3.60369 0.00023 3.60362 0.00016 3.60355 0.00009
B 0.14122 0.00784 0.14223 0.00626 0.14276 0.00154 0.14210 0.00088 0.14141 0.00019
" 0.00124 0.00417 0.00127 0.00010 0.00129 0.00005 0.00127 0.00003 0.00125 0.00001

R(5) 0.75175 0.04884 0.74507 0.03481 0.74816 0.00359 0.74432 0.00743 0.74022 0.01153
h(5)  0.20565 0.04658 0.21285 0.03404 0.22316 0.01751 0.21039 0.00474 0.19725 0.00840
Biom-I[.S5] y 5.00048 0.00258 5.00058 0.01000 5.00062 0.00013 5.00057 0.00009 5.00052 0.00003
) 0.17742 0.00671 0.17471 0.00623 0.17506 0.00236 0.17462 0.00280 0.17416 0.00326
7 0.00379 0.00243 0.00380 0.00010 0.00381 0.00002 0.00371 0.00001 0.00379 0.00000
R(5) 0.57731 0.06386 0.60022 0.05390 0.60797 0.03065 0.59831 0.02100 0.58769 0.01037
h(5)  0.54942 0.11052 0.51387 0.08963 0.53996 0.00946 0.50764 0.04178 0.47438 0.07504
Biom-I[S3] y 4.64350 0.00103 3.60363 0.01007 3.60369 0.00023 3.60362 0.00016 3.60355 0.00009
) 0.15117 0.00652 0.14223 0.00626 0.14276 0.00154 0.14210 0.00088 0.14141 0.00019
7 0.00270 0.00272 0.00127 0.00010 0.00129 0.00005 0.00120 0.00003 0.00125 0.00001
R(5) 0.76137 0.04507 0.74507 0.03481 0.74816 0.00359 0.74432 0.00743 0.74022 0.01153
h(5)  0.25319 0.05493 0.21285 0.03404 0.22316 0.01751 0.21039 0.00474 0.19725 0.00840

Biom-II[S;] vy 2.99899 0.00390 2.99900 0.00100 2.99900 0.00001 2.99900 0.00001 2.99900 0.00001
) 0.01196 0.00064 0.01207 0.00057 0.01212 0.00016 0.01206 0.00010 0.01199 0.00003
7 0.00065 0.00000 0.00071 0.00011 0.00073 0.00008 0.00070 0.00005 0.00066 0.00001
R(15) 0.99424 0.00094 0.99404 0.00084 0.99404 0.00020 0.99404 0.00020 0.99404 0.00020
h(15) 0.00116 0.00019 0.00120 0.00017 0.00124 0.00008 0.00118 0.00003 0.00113 0.00003
Biom-II[S7] ¥ 2.95831 0.64616 2.95831 0.00100 2.95831 0.00006 2.95829 0.00003 2.95832 0.00006
) 0.01091 0.00143 0.01102 0.00054 0.01107 0.00016 0.01101 0.00010 0.01094 0.00003
7 0.00880 0.00523 0.00880 0.00010 0.00880 0.00004 0.00878 0.00002 0.00879 0.00005
R(15) 0.99529 0.00495 0.99512 0.00071 0.99512 0.00017 0.99512 0.00017 0.99511 0.00017
h(15) 0.00093 0.00106 0.00096 0.00014 0.00100 0.00007 0.00096 0.00002 0.00091 0.00002

(Continued)
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Table 20 (continued)

Data[Sample] Par. MLE SE GE
T — =5 —0.05 +5
Est. St.E Est. St.E Est. St.E Est. St.E Est. St.E
Biom-11[S3] y 4.51601 0.54751 4.51601 0.00015 4.51601 0.00004 4.51596 0.00001 4.51600 0.00004
1) 0.01499 0.00227 0.01522 0.00027 0.01523 0.00023 0.01520 0.00020 0.01522 0.00023

I 0.06902 0.00787 0.06902 0.00001 0.06902 0.00005 0.06902 0.00003 0.06902 0.00005
R(15) 0.99922 0.00163 0.99916 0.00007 0.99916 0.00006 0.99915 0.00004 0.99916 0.00006
h(15) 0.00016 0.00037 0.00018 0.00001 0.00018 0.00002 0.00017 0.00001 0.00018 0.00003

Table 21: Interval estimates of y, §, u, R(¢) and /(¢) from Biom-I and Biom-II data sets

Data[Sample] Par. ACI HPD

Lower Upper Length Lower Upper Length

Biom-I[S,] Y 3.59167 3.61524 0.02358 3.58312 3.62307 0.03995
) 0.12586 0.15658 0.03073 0.13034 0.15436 0.02402
I 0.00000 0.00941 0.00941 0.00108 0.00147 0.00039
R(5) 0.65603 0.84746 0.19143 0.67717 0.80992 0.13274
h(5) 0.11436 0.29695 0.18259 0.15158 0.28043 0.12884
Biom-I[S,] % 4.99543 5.00553 0.01010 4.98154 5.02031 0.03877
) 0.16427 0.19058 0.02631 0.16363 0.18547 0.02185
" 0.00000 0.00855 0.00855 0.00360 0.00399 0.00039
R(5) 0.45215 0.70248 0.25032 0.50648 0.69609 0.18960
h(5) 0.33281 0.76603 0.43322 0.36204 0.67977 0.31773
Biom-I[S;] 4 4.64148 4.64551 0.00404 3.58312 3.62307 0.03995
) 0.13840 0.16395 0.02556 0.13034 0.15436 0.02402
" 0.00000 0.00802 0.00802 0.00108 0.00147 0.00039
R(5) 0.67304 0.84971 0.17667 0.67717 0.80992 0.13274
h(5) 0.14554 0.36085 0.21531 0.15158 0.28043 0.12884
Biom-II[S|] 4 2.99136 3.00663 0.01528 2.99698 3.00096 0.00398
) 0.01070 0.01322 0.00252 0.01101 0.01317 0.00216
" 0.00065 0.00065 0.00000 0.00052 0.00090 0.00038
R(15) 0.99240 0.99608 0.00368 0.99238 0.99556 0.00318
h(15) 0.00079 0.00152 0.00074 0.00089 0.00153 0.00064
Biom-II[S,] 4 1.69187 4.22475 2.53288 2.95633 2.96024 0.00391

) 0.00811 0.01372 0.00561 0.01002 0.01208 0.00206
" 0.00045 0.01860 0.02050 0.00860 0.00900 0.00040
R(15) 0.98558 1.00500 0.01942 0.99376 0.99644 0.00268
h(15) 0.00012 0.00300 0.00218 0.00070 0.00123 0.00053

(Continued)
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Table 21 (continued)
Data[Sample] Par. ACI HPD

Lower Upper Length Lower Upper Length

Biom-II[S;] Y 3.44291 5.58912 2.14621 4.51567 4.51628 0.00061
) 0.01055 0.01943 0.00888 0.01496 0.01549 0.00053
" 0.05359 0.08445 0.03086 0.06900 0.06904 0.00004

R(15) 0.99602 1.00241 0.00639 0.99909 0.99922 0.00013
h(15) 0.00005 0.00088 0.00083 0.00016 0.00019 0.00003

6 Concluding Remarks

In the framework of incomplete data obtained through an adaptive progressive Type-1I censoring
scheme, this study introduces and investigates a new and flexible generalization of several well-known
lifetime models, namely the standard log-logistic, exponential, Burr-XII, and Weibull distributions—
referred to as the GLL lifetime model. For classical inference, the MLEs are obtained via the
Newton-Raphson iterative method, implemented using the maxLik package, ensuring computational
stability and convergence. The ACIs for each unknown parameter are also derived from the observed
Fisher information matrix to provide additional frequentist insights. In the Bayesian setup, posterior
estimates and corresponding HPD intervals are approximated using the M-H algorithm with indepen-
dent gamma priors, executed through the coda package. A comprehensive Monte Carlo simulation
study is conducted under multiple scenarios to evaluate the finite-sample behavior and robustness
of the proposed estimation methods, considering various censoring levels and parameter settings.
Furthermore, four real-world data applications—including reliability engineering and biomedical case
studies—are analyzed to illustrate the practical utility of the proposed distribution. Comparative
model assessment using standard goodness-of-fit criteria demonstrates that the proposed GLL model
provides superior or comparable performance relative to competing models such as the alpha-
power exponential, exponentiated exponential, log-logistic, bib28, and gamma distributions. The main
limitation of this work is estimating the GLL parameters of life using samples affected by censoring.
Still, future research can expand the suggested methods to more complicated reliability situations, such
as accelerated life testing, competing risks, and different censoring methods.

Acknowledgement: The authors would like to express thank to the Editor-in-Chief and anonymous ref-
erees for their constructive comments and suggestions. The authors express their gratitude to Princess
Nourah bint Abdulrahman University Researchers Supporting Project number (PNURSP2025R 175),
Princess Nourah bint Abdulrahman University, Riyadh, Saudi Arabia.

Funding Statement: This research was funded by the Princess Nourah bint Abdulrahman University
Researchers Supporting Project number (PNURSP2025R175), Princess Nourah bint Abdulrahman
University, Riyadh, Saudi Arabia.

Author Contributions: The authors confirm contribution to the paper as follows: study conception
and design: Heba S. Mohammed, Osama E. Abo-Kasem, Ahmed Elshahhat; data collection: Heba
S. Mohammed, Zeinhum F. Jaheen; analysis and interpretation of results: Heba S. Mohammed,

https://www.scipedia.com/public/Mohammed_et_al_2025 34


https://www.scipedia.com/public/Mohammed_et_al_2025

H. S. Mohammed, O. E. Abo-kasem, Z. F Jaheen and A. Elshahhat,
Physical and biomedical applications of a newly extended version of the log-logistic

S I p E D I A model using adaptive-progressive censored sampling,
Rev. int. métodos numér. calc. diseno ing. (2025). Vol.41, (3), 46

Ahmed Elshahhat; draft manuscript preparation: Osama E. Abo-Kasem, Zeinhum F. Jaheen, Ahmed
Elshahhat. All authors reviewed the results and approved the final version of the manuscript.

Availability of Data and Materials: The data that support the findings of this study are available within
the paper.

Ethics Approval: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest to report regarding the present study.

References

1. Muse AH, Mwalili S, Ngesa O, Almalki SJ, Abd-Elmougod GA. Bayesian and classical inference
for the generalized log-logistic distribution with applications to survival data. Comput Intell Neurosci.
2021;2021(1):5820435. doi:10.1155/2021/5820435.

2. Ng H. K. T., Kundu D, Chan PS. Statistical analysis of exponential lifetimes under an adaptive Type-II
progressive censoring scheme. Naval Res Logist. 2009;56(8):687-98. doi:10.1002/nav.20371.

3. Panahi H, Moradi N. Estimation of the inverted exponentiated Rayleigh distribution based on
adaptive Type II progressive hybrid censored sample. J Comput Appl Math. 2020;364(2):112345.
doi:10.1016/j.cam.2019.112345.

4. Panahi H, Asadi S. On adaptive progressive hybrid censored Burr type III distribution: appli-
cation to the nano droplet dispersion data. Qual Technol Quant Manage. 2021;18(2):179-201.
doi:10.1080/16843703.2020.1806431.

5. Elshahhat A, Nassar M. Bayesian survival analysis for adaptive Type-II progressive hybrid censored Hjorth
data. Comput Stat. 2021;36(3):1965-90. doi:10.1007/s00180-021-01065-8.

6. Alotaibi R, Nassar M, Elshahhat A. Computational analysis of XLindley Parameters using adaptive Type-

II progressive hybrid censoring with applications in chemical engineering. Mathematics. 2022;10(18):3355.
doi:10.3390/math10183355.

7. Ateya SF, Amein MM, Mohammed HS. Prediction under an adaptive progressive type-II censor-
ing scheme for Burr Type-XII distribution. Commun Stat-Theory Methods. 2022;51(12):4029-41.
doi:10.1080/03610926.2020.1808685.

8. Elshahhat A, Mohammed HS, Alotaibi R. Inferences of inverted gompertz parameters from an adaptive
Type-11 progressive hybrid censoring. Phys Scr. 2023;98:105222. d0i:10.1088/1402-4896/acf5ad.

9. Nassar M, Alotaibi R, Elshahhat A. Inference and physics applications of the logistic-exponential
parameters using adaptive progressively hybrid censoring. Phys Scr. 2023;98(9):095027. doi:10.
1088/1402-4896/acf1d9.

10. Elshahhat A, Dutta S, Abo-Kasem OE, Mohammed HS. Statistical analysis of the Gompertz-Makeham
model using adaptive progressively hybrid Type-II censoring and its applications in various sciences. J Radiat
Res Appl Sci. 2023;16(4):100644. doi:10.1016/].jrras.2023.100644.

11. Dutta S, Dey S, Kayal S. Bayesian survival analysis of logistic exponential distribution for adaptive
progressive Type-1I censored data. Comput Stat. 2024;39(4):2109-55. doi:10.1007/s00180-023-01376-y.

12. Dutta S, Algifari HN, Almohaimeed A. Bayesian and non-Bayesian inference for logistic-exponential
distribution using improved adaptive type-1I progressively censored data. PLoS One. 2024;19(5):¢0298638.
doi:10.1371/journal.pone.0298638.

13. Lawless JF. Statistical models and methods for lifetime data. 2nd ed. Hoboken, NJ, USA: John Wiley and
Sons; 2003.

14. Greene WH. Econometric analysis. 4th ed. New York, NY, USA: Prentice-Hall; 2000.

https://www.scipedia.com/public/Mohammed_et_al_2025 35


https://doi.org/10.1155/2021/5820435
https://doi.org/10.1002/nav.20371
https://doi.org/10.1016/j.cam.2019.112345
https://doi.org/10.1080/16843703.2020.1806431
https://doi.org/10.1007/s00180-021-01065-8
https://doi.org/10.3390/math10183355
https://doi.org/10.1080/03610926.2020.1808685
https://doi.org/10.1088/1402-4896/acf5ad
https://doi.org/10.1088/1402-4896/acf1d9
https://doi.org/10.1016/j.jrras.2023.100644
https://doi.org/10.1007/s00180-023-01376-y
https://doi.org/10.1371/journal.pone.0298638
https://www.scipedia.com/public/Mohammed_et_al_2025

S

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

H. S. Mohammed, O. E. Abo-kasem, Z. F Jaheen and A. Elshahhat,
Physical and biomedical applications of a newly extended version of the log-logistic

I p E D I A model using adaptive-progressive censored sampling,
Rev. int. métodos numér. célc. diseno ing. (2025). Vol.41, (3), 46

Dey S, Elshahhat A, Nassar M. Analysis of progressive type-1I censored gamma distribution. Comput Stat.
2023;38(1):481-508. doi:10.1007/s00180-022-01239-y.

Martz HF, Waller RA. Bayesian reliability analysis. New York, NY, USA: Wiley and Sons; 1982.

Dey DK, Liu PL. On comparison of estimators in a generalized life model. Microelectron Reliab. 1992;
32(1-2):207-21. d0i:10.1016/0026-2714(92)90099-7.

Chen MH, Shao QM. Monte Carlo estimation of Bayesian credible and HPD intervals. J] Comput Graph
Stat. 1999;8(1):69-92. doi:10.1080/10618600.1999.10474802.

Balakrishnan N, Cramer E. The art of progressive censoring. New York, NY, USA, Birkhéuser: Springer;
2014.

Kundu D. Bayesian inference and life testing plan for the Weibull distribution in presence of progressive
censoring. Technometrics. 2008;50(2):144-54. doi:10.1198/004017008000000217.

Henningsen A, Toomet O. maxLik: a package for maximum likelihood estimation in R. Comput Stat.
2011;26(3):443-58. doi:10.1007/s00180-010-0217-1.

Plummer M, Best N, Cowles K, Vines K. CODA: convergence diagnosis and output analysis for MCMC.
R News. 2006;6(1):7-11.

Xu K, Xie M, Tang LC, Ho SL. Application of neural networks in forecasting engine systems reliability.
Appl Soft Comput. 2003;2(4):255-68. doi:10.1016/s1568-4946(02)00059-5.

Murthy DNP, Xie M, Jiang R. Weibull models: wiley series in probability and statistics. Hoboken, NJ, USA:
Wiley; 2004.

Mahdavi A, Kundu D. A new method for generating distributions with an application to exponential
distribution. Commun Statist-Theory Methods. 2017;46(13):6543-57. doi:10.1080/03610926.2015.1130839.
Gupta RD, Kundu D. Generalized exponential distribution: different method of estimations. J Stat Comput
Simul. 2001;69(4):315-37. doi:10.1080/00949650108812098.

Bain LJ. Analysis for the linear failure-rate life-testing distribution. Technometrics. 1974;16(4):551-9.
doi:10.1080/00401706.1974.10489237.

Weibull W. A statistical distribution function of wide applicability. J Appl Mech. 1951;18(3):293-7.
doi:10.1115/1.4010337.

Johnson N, Kotz S, Balakrishnan N. Continuous univariate distributions. 2nd ed. Hoboken, NJ, USA: John
Wiley and Sons; 1994.

Marinho PRD, Silva RB, Bourguignon M, Cordeiro GM, Nadarajah S. AdequacyModel: an R pack-
age for probability distributions and general purpose optimization. PLoS One. 2019;14(8):e0221487.
doi:10.1371/journal.pone.0221487.

Wingo DR. Maximum likelihood methods for fitting the Burr type XII distribution to life test data. Biom
J. 1983;25(1):77-84. doi:10.1002/bim;j.19830250109.

Wu SF, Wu CC, Chen YL, Yu YR, Lin YP. Interval estimation of a two-parameter Burr-XII distribution
under progressive censoring. Statistics. 2010;44(1):77-88. doi:10.1080/02331880902757922.

Bjerkedal T. Acquisition of resistance in guinea pies infected with different doses of virulent tubercle Bacilli.
Am J Hyg. 1960;72(1):130-48. doi:10.1093/oxfordjournals.aje.a120129.

Dube M, Krishna H, Garg R. Generalized inverted exponential distribution under progressive first-failure
censoring. J Stat Comput Simul. 2016;86(6):1095-1114. doi:10.1080/00949655.2015.1052440.

Xu R, Gui W. Entropy estimation of inverse Weibull distribution under adaptive Type-II progressive hybrid
censoring schemes. Symmetry. 2019;11(12):1463. doi:10.3390/sym11121463.

https://www.scipedia.com/public/Mohammed_et_al_2025 36


https://doi.org/10.1007/s00180-022-01239-y
https://doi.org/10.1016/0026-2714(92)90099-7
https://doi.org/10.1080/10618600.1999.10474802
https://doi.org/10.1198/004017008000000217
https://doi.org/10.1007/s00180-010-0217-1
https://doi.org/10.1016/s1568-4946(02)00059-5
https://doi.org/10.1080/03610926.2015.1130839
https://doi.org/10.1080/00949650108812098
https://doi.org/10.1080/00401706.1974.10489237
https://doi.org/10.1115/1.4010337
https://doi.org/10.1371/journal.pone.0221487
https://doi.org/10.1002/bimj.19830250109
https://doi.org/10.1080/02331880902757922
https://doi.org/10.1093/oxfordjournals.aje.a120129
https://doi.org/10.1080/00949655.2015.1052440
https://doi.org/10.3390/sym11121463
https://www.scipedia.com/public/Mohammed_et_al_2025

H. S. Mohammed, O. E. Abo-kasem, Z. F Jaheen and A. Elshahhat,
Physical and biomedical applications of a newly extended version of the log-logistic

S I p E D I A model using adaptive-progressive censored sampling,
Rev. int. métodos numér. calc. diseno ing. (2025). Vol.41, (3), 46

Appendix A

From (7), the Fisher items £}, for i,j = 1,2, 3 are
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