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ABSTRACT This paper presents a novel probability distribution, namely the new XLindley distribution,
derived from a unique combination of exponential and gamma distributions through a special mixture
formulation. The study extensively investigates the mathematical properties of the proposed distribution,
including but not limited to the moment generation function, moments of different orders, mode identifica-
tion, and the quantile function. Furthermore, the research employs a Monte Carlo simulation to assess and
compare the performance of various estimators in estimating the unknown parameter of the new XLindley
distribution. These estimators are carefully evaluated and analyzed in terms of their efficiency and accuracy,
providing valuable insights into the practical application of the new distribution in statistical modeling and
data analysis contexts. The voltage and failure time data in the field of engineering are used to model the
proposed distribution. The new model is compared with many current distributions such as Xlindley, gamma,
Weibull, exponential, Lindley, Shanker, Akash, Zeghdoudi, Chris-Jerry, and Xgamma. Among all models,
it is concluded that the new one-parameter distribution performed the best in modeling based on criteria such
as the Akaike information criterion, Bayesian information criterion, and others. The real data results show
that the proposed distribution exhibits greater flexibility and improved goodness of fit compared to alternative
distributions. The new XLindley distribution could be useful in modeling real-life data and may warrant
further exploration in future research. Overall, this study contributes to the field of probability distributions
and provides new insights for statistical modeling.

INDEX TERMS Exponential distribution, XLindley distribution, quantile function, estimation, simulation,
voltage data.

I. INTRODUCTION

New distributions may be formed by merging a finite number
of probability distributions with a mixed proportion, known
as “finite mixture distributions’’. These distributions are used
regularly to simulate a wide range of random occurrences,
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in particular, to account for the heterogeneity of the unde-
tected data. In the field of statistical data modeling, the mixed
distribution model is widely recognized.

Many researchers are very interested in studying mixes
of distributions because datasets can be considered mixed
populations. Work on mixtures has been done in the literature.
Some of the more important references that cover various
forms of distribution mixtures include: authors in [4], [11],
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[13], [15], and [17] considered the mixture of the exponential
and gamma or Lindley and gamma distributions.

The Lindley distribution, named after British statistician
Dennis Lindley [11], is a probability distribution that is
widely used in statistical modeling and data analysis. It is
a one-parameter distribution that has been found to provide
a good fit for various real-world datasets, especially those
involving non-negative, right-skewed data. The Lindley dis-
tribution has been used in a wide range of applications,
including in the fields of finance, environmental studies, and
medical research, among others. The Lindley distribution
is characterized by its probability density function, which
exhibits a rapid drop-off at zero and a long tail to the right.
The distribution is particularly useful in modeling count data
with excess zeros, as well as in survival analysis and relia-
bility modeling. In recent years, there has been an increasing
interest in the Lindley distribution and its applications, lead-
ing to the development of new estimation methods and the
exploration of its properties in greater detail. This new paper
will contribute to this growing body of research by providing
a comprehensive overview of the Lindley distribution, its
properties, and its applications. One of the key advantages of
the Lindley distribution is its ability to capture the effects of
covariates or explanatory variables. In particular, the distribu-
tion can be used in regression modeling, where it can account
for the influence of one or more predictor variables on the
distribution of the response variable. This makes it a valuable
tool in various applications, from epidemiology to finance.
Also, for some generalizations of the Lindley distribution,
one can look at [1], [5], and [16].

The one-parameter Lindley distribution can be seen as
a mixture of exp(f) and gamma(2,0) distributions. Later,
Ghitany et al. [7] worked extensively on the statistical prop-
erties of the Lindley distribution and established that it
performs better than the well-known one-parameter exponen-
tial distribution in many ways. The Lindley distribution has
only one scale parameter and can model data with mono-
tonic increasing failure rates. Due to this, the analysis of
different types of lifetime data may require a more flexible
distribution than the Lindley distribution provides. Several
one-parameter models have been proposed in the statistical
literature to modify lifetime data, including the Lindley [11],
exponential, Zeghdoudi [13], Ishita [27], Shanker [19],
Rama [25], Pranav [9], Rani [26], Akash [18], Aradhana [21],
Sujatha [24], Amarendra [20], Devya, [22] Shambhu [23],
Chris-Jerry [15], XLindley [4], and Xgamma [17].

The purpose of this article is, firstly, to propose and study
a new distribution with one parameter that combines the ben-
efits of Lindley and exponential distributions. It may be used
in various areas, including biology, engineering, astronomy,
actuarial science, and medicine. On the other hand, the new
distribution has an increased risk rate and a decreasing aver-
age residual life function. This new distribution may attract
research attention.

The following is the format of this research paper:
In Section II, the formulation of the proposed distribution
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is presented. Some distributional properties of the new model
are discussed in Section III. In Section IV, the estimation
procedure of the model parameter is performed by many
estimators. The performances of these estimators are evalu-
ated via a Monte Carlo simulation in Section V. In Section VI,
several actuarial properties of the proposed model are inves-
tigated. The usability of the new distribution is illustrated via
a real data application in Section VIIL. Section VIII ends the
paper with a conclusion.

Il. FORMULATION OF THE NEW DISTRIBUTION
Recently, Beghriche et al. [2] introduced a new statistical
family named new one-parameter polynomial exponential
distribution (NPED) having the probability density func-
tion (pdf)
exp (—0x) D r_oxX ar g
fx,0) = Zk’: : ;
ZZ:O 9k+1 ak,@

x>0,0>0. (1)

Our proposed model which is called new XLindley dis-
tribution (NXLD) is obtained as a special case of (1), when
n=1,a09 =1, and a1 9 = 6 as follows

fNXL(X; 9) = % (1 + Q.X) exp (—9)6) ) X, 0 > Oa (2)

and it can be obtained by mixture of fj(x) ~ Exp(f) and
f(x) ~ gamma(2,0) with p = py = 3.

Ill. STATISTICAL PROPERTIES
A. MODE
The pdf (2) behavior at zero and infinity are, respectively,
discussed by the following two limits as follows
0
lim fyxp (x) = - and lim f(x) =0.
x—0 2 X—00
The first derivative of fyxz (x) is

d 1
Ifnxr (x) _ Lo g

, 3
dx 2 3)
and its second derivative is
d? 1
fuxt () _ Lo 0 — 1) e,
dx? 2
d? 1 d? 1
withM <0,x < —, andM >0,x > —
dx? 2 dx? 6

where (9l 96_1) is inflection point and the mode of NXLD

is 5 Note that the mode of the exponential distribution is
always at 0 like the mode of the NXLD.

B. SURVIVAL AND HAZARD RATE FUNCTION

The cumulative distribution function (c.d.f.) of the NXLD is
defined as follows

1
Fyx(x;0)=1— (59)6 + 1) e, )
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then, the survival function Syxz (x) and hazard rate function
(hrf) hyxr(x) for the NXLD are, respectively, defined as
follows

1
Snxr(x) = 1 — Fax(x) = Snx (x) = (zex + 1) e

(%)
_ faxex) 6 +6%
) = e T a2 ©

Proposition 1: The hrf hyxp(x) (6) is an increasing
function.
Proof: By Glaser [8] and the pdf (2), we have

=2 )
xX)= ———,
P 91+ 6x)
and its first derivative is
, 62
x) = , 8
PO = @®)

then, the hyxy (x) is an increasing function.

The pdf and hrf plots of the NXLD distribution are given
in Figure 1. In Figure 1, it observed that the pdf is decreasing
and the hrf is increasing shaped.

6=01

Figure 1. The pdf and hrf plots for some choices of parameter 6.

C. MOMENTS
The rth moment of the NXLD is defined as follows
o0 o0
w, =EX") = / x" fyx (X)dx = / xrg (140x) exp (—6x) dx
0
TCr+D+TFr+2). )

=207
Proposition 2: Let X ~ NXLD, the mean, variance, co-
efficients of variation, skewness, and kurtosis for X are,
respectively defined as follows

3 7
EX) = 2’ ,Var(X) = 07
E X3 15
Skewness = /1 = ( )3 = & 3
(Var(X))2 (L)j
497
120
«/_ 6.4793,
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N
N

. EX*)
Kurtosis = f, = =

(Var(X)? (

1152

)2: 49

_ V) _Va V1

EX) > 3

The new distribution is leptokurtic and right-skewed accord-
ing to the skewness and kurtosis.

Theorem 1: Let X ~ NXLD(0). Then the median(X) <
E(X).

Proof: Let m = median(X) and p = E(X) = 29
Since the c. df is given by (4), it follows that F(m) =
Fu=1- Ze 2,

Note that % <1- %e_%. Finally, since F(x) is an increasing
function in x > 0 for all & > 0, we have m < .

= 23.5102,

|\l >

[

40

CV =

3 L and

»

D. ENTROPY

Itis generally agreed that entropy and information can be used
to calculate the amount of uncertainty in a probability dis-
tribution. But many correlations have been created from the
characteristics of entropy. The entropy of a random variable X
measures the uncertainty’s variation. The entropy of Rényi is

defined as follows
1 o0
log[/ fs(X)dX] ,
1—s 0

where s(integer) > 0 and s # 1. For the NXLD, we have

Iz (s) = ! log (/ (g (1 + 6x)exp (—Ox))‘ dx)
— S 0 2

1
1 R s —0:
= 1_Slog (/0 E(l—i—@x)‘e Y"dx),
where

OO@S
/ o (1+6x)°
) 2

0% — n! o :
= F Z —H / (Qx)(nil) e*GSde
Py (n—=01 Jo

n

Ig (s) =

679sxdx

o5 n! n—i

T (= D)lil s

C(n41—1i)(s6)".

Now, the Rényi entropy for the NXLD is determined as

follows
1 esz”: n 6T (m—i+1)
o (n—0W  (so)"*! ’

E. STRESS-STRENGTH RELIABILITY

Stress-strength reliability is a concept used to describe the
lifespan of a component that experiences random strength,
represented by the variable X, and random stress, represented
by the variable Y. If the stress exceeds the component’s
strength, it will fail immediately. Otherwise, the component
will function correctly until the stress exceeds its strength.
In statistical terms, the stress-strength parameter, denoted

I (s) =
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as R = P[Y < X], measures component reliability. This
concept has broad applications in many fields, particularly
in engineering, where it is used to study the deterioration of
rocket motors, static fatigue of ceramic components, aging of
concrete pressure vessels, and other related issues.

One way to calculate the stress-strength reliability R for
a component with independent strength and stress random
variables X and Y, both follow NXLD with parameters 6;
and 65, respectively, is as follows.

R=P[Y <X]=/ PIY < X |X = x]1fvxe(x; 0)dx
0

=A faxr (3 0D Faxr (x; 62)

%] 01
= / (— (1 +61x)exp (—91x))
0 2
1 —x0)
X (1 — (Eezx + 1) e 2) dx

02 (367 + 96,6, + 463)
4@1+6)°

F. STOCHASTIC ORDERING

Definition 1: Consider two random variables X and Y.
Then X is said smaller than Y in the following

a) Stochastic order (X <s Y ), if Fx(t) < Fy(?),Vt.

b) Convex order (X <. Y), if for all convex functions ¢

and .provided expectation exist, E[¢p(X)] < E[¢(Y)]
¢) Hazard rate order (X <p, Y), if hx(t) > hy(¢), Vt.

d) Likelihood ratio order (X < Y), if ;Xg; is decreasing

int.

Remark 1: Likelihood ratio order = Hazard rate order =
Stochastic order If E[X] = E[Y]; then Convex order <
Stochastic order.

Theorem 2: Let X; ~NXLD(6;); i = 1;2 be two random
variables. If 01 > 0y, then: X1 <p X2, X1 <nr X2, X1 <5 X2
and X1 <. Xo.

Proof: We have

fx(®) _
fr@®

For simplification, we use In L) Now, we can find:

120
dl(?m)_
— In — —
a "\

B1 —62) (01 + 62 +10102) ¢
To thisend, if 61 > 6, we have - In (fx(f)

01 (1 +611) o (01021
62 (1 + 6t) '

01+ 1) (@6, + 1)
170) < 0. This means
that X <y Xp: Also, accordlng to Remark 1 the theorem is
proved.

G. LORENZ CURVE
Let X be a random variable pdf f (x) and the CDF F (x), the
Lorenz curve L is given by
X
S tf ) dt

L(F(x)) = TEX)
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where E(X) denotes the average. The Lorenz curve L(F)
may then be plotted as a function parametric in x: L(x)
vs. F(x). In other contexts, the quantity computed here is
known as size-biased distribution; it also has an important
role in renewal theory.

We have it for NXLD

3 1
if (1) dt = 0 (92 24 39 3).
/ if (1) 2 " 25¢ X~ +360x +
We obtain the Lorenz curve for the NXLD as follows

(1—p)< Ox? +9x+1)

! 0+1
2x

~1(p) with F(-) given by (4).

Lp)=1-—

where x = F

H. EXTREME ORDER STATISTICS OF NXLD
Let Xi,...,X, a sample of n random variables that follow

the NXLD and if X = # represents the sample mean

then by the central limit theorem %

the standard normal distribution when n — oo.

Theorem 3: We will study the asymptotic law of extreme
values S,, = max(Xy,...,X,) and I, = min(Xy, ..., X,),
For the distribution function defined in (4), we find that

1 — Fnxr(r + x)

T I

approximates

and
Fyxp(x)
t—0 Fnxr (1)
According to Theorem 1.6.2 in Leadbetter et al. [10] that

there must be norming constants o, > 0, B,, vy > 0 and
8y such that

Plan(Sn — Bn) < x} — exp (—exp(—06x)) .

and
P{yn(Iy — 6,) < x} = 1 —exp(—x).

as n — oo. Using Corollary 1.6.3 in Leadbetter et al. [10],
we can see that a, = 1 and B, = F~'(1 — 1/n) with F()
given by (4).

I. FUZZY RELIABILITY

Let T be a continuous random variable representing a sys-
tem’s failure time (component). The fuzzy dependability can
then be calculated using the fuzzy probability in the formula

o]

Rp(t)=P(T >1t) = / v(x) faxp(x)dx,0 <t <x < o0,

t

where v(x) is a membership function that describes the
degree to which each element of a given universe belongs to
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a fuzzy set (for more details see Chen et al. [3]. Now, assume
that v(x) is

0, x <1
X —1
v(x) = , 0<tqi<x<t
h—n
1, x>0

For v(x), by the computational analysis of the function of
fuzzy numbers, the lifetime x(A) can be obtained to cor-
respond to a certain value of A — Cut, A € [0, 1], can be

obtained as v(x) = A — ;\;ittll = A, then

x(A) <1, A=0
xMN=tn+yt—1t), 0<i<l
x(X) = 1o, A=1

As a result, the fuzzy reliability values may be determined
for all A values. The fuzzy reliability definition determines
the fuzzy dependability of the NXLD. The fuzzy reliability of
the NXLD can be defined as,

Rp(t)= (1+ (%Qtl + 1)) e 0 — (1+ (%Ga—i-l)) e .

Then Rg(t);—o = 0.

IV. ESTIMATION OF NXLD PARAMETER
This section will focus on estimating the proposed model pa-
rameter using various methods. We will obtain the estimator
by maximizing or minimizing an objective function, as we
will demonstrate.

LetX; ~ NXLD(0),i = 1...nbe nrandom variables, the
likelihood function is defined as follows

L(®) = (g) [T +6xp)e® 2,

i=1

The log-likelihood function is given as follows

9 n n
In 1 (x;; 0) = nlog - + > log(l +6x) —6 D" x;. (10)
i=1 i=1

The derivatives of In [ (x;; 6) with respect to 6 is determined
as follows
n n

n Xi
:5+§(1+exi)_zxi'

i=1

To obtain the maximum likelihood estimation (MLE, Ei)
of 0, éMLE, we can maximize equation (10) directly with
respect to 6, or we can solve the non-linear equation
% = 0. Note that éMLE cannot be solved analytically,
so we can use numerical iteration techniques for determining
it such as the Newton-Raphson algorithm.

Suppose we have an ordered random sample of size n given

by X1, Xo, ..., X, where each X; is distributed according to
an NXLD with parameter 6.
67224

Then estimation of the NXLD parameter 6 is carried out
using the Anderson-Darling estimation (E2) approach, which
requires the minimization of the following equation.

1
A=-n—- > (2i — Dllog F(x;) + log S(x;)]
i=1
The estimation of the NXLD parameter 6 is carried out

using the Cramér-von Mises estimation (E3) approach, which
requires the minimization of the following equation.

_172
z [Foo- 22
The estimation of the NXLD parameter 6 is carried out

using the maximum product of the spacings estimation (E4)
approach, which requires maximizing the following equation.

n+1
T=-" EIOgMi, M; =F (xq) — F (x—1)) -

The NXLD parameter 6 is estimated using the least-
squares estimation (ES) approach, which requires the mini-
mization of the following equation.

n . 2
s=> |:F(x,-) _ ni—l] .
i=1

The NXLD parameter 6 is estimated using the right-tail
Anderson-Darling estimation (E6) approach, which requires
the minimization of the following equation.

RL = ——2ZF<xl)——Z(zz—l)logS(an OF

i=1

The NXLD parameter 6 is estimated using the weighted
least-squares estimation (E7) approach, which requires the
minimization of the following equation.

2 .92
W= Z(n+1)(n+2)[(l) i } .
. in—i+1) n+1
Suppose we have an ordered random sample of size n given
by X1, X, ..., X;, where each X; is distributed according to
the NXLD with parameter 0, the estimation of the NXLD pa-
rameter f is carried out using the left tailed Anderson—Darling

estimation (E8) approach, which requires the minimization of
the following equation.

3 n 1 n .
LT = —Zn+ 2 Z F (i) = Z(zz — 1) log F(Xi-n).

i=1 i=1

The NXLD parameter 6 is estimated using the minimum
spacing absolute distance estimation (E9) approach, which
requires the minimization of the following equation.

n+1

1 (x,>—2|
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Table 1. Simulation values of BIAS, MSE, and MRE for § = 0.1.

n B 7 3 2 & I T, & T ) £
15 BIAS  0.0193877  0.020487" 0.02219T 0.0187877 0.02256 00199477 0.021671  0.0268677T  0.024561")  0.02084T
MSE  0.00069°) 0000751 0.00003175F 0000571 0.00093175  0,000690  0.00082()  0.002330° 000123} 0.000691*}
MRE 0193771 02048119 022193170 01877810 0225591 15102167410 026464000 02455500 0.208450%)
¥ Ranks 2} 134451 21 3 23518 18i6h 30110 271% 13431
30 BIAS 001373 0.0142105) 0.0158851  0.013130) 0.01484(7) 001393 00174611 0.01654*)  0.0146/6)
MSE 00003280 000035(®  0.00044*)  0.00028!"  0.00037(" 0.0003467 0.000551""  0.00045')  0.000334
MRE  0.13734050 01420909 0.15882080 01313200 01483817 013934140 0.1745900 0.16539(%) 0146011}
¥ Ranks 61331 248 300 217 1314 3010} 2719 16135
100 BIAS 0007010} 000761 000821180 0007250 0.00783( 0007646 0.009110%  0.00902(")  0.00818(7}
MSE 8e—0521 9e—0545) 00001111 8e—05  1e—0al®S) 9e— 05145 0.000131°5H  0.00013°5)  1e— 04165
MRE  0.07009')  0.07604!* 00821 0.07254% 00783316 00764157 0.09114000 0.09022¢) 0.08176!7}
X Ranks 9t} 175161 1705 1301 16514 195181 2510 2059 18517}
150 BIAS 0005811 000633 0.0066117} 0005931 0.00655°) 00064150 0.0074709 000735 0.00678!8}
MSE  Se—05{191  6e—0503)  7e—05(°5h  se—05013) 70503 Te—05005)  9e—051>3h  9e 0573} 7¢— 0503
MRE 005806t 006331 006613(7h 00592510 0.0654916} 006397650 00747100 007352 0.06777!%)
¥ Ranks 35ttt 11514 2057 55t 18.516} 295010 2751 22518
200 BIAS  0.00484) 000541451 0.005627)  0.004830)  0.00552(6) 0.006251% 0.0067311F 0005815}
MSE  4e-051 50500 se—0sl o050 se—o0s6) 60511 7e—0s!10  s5¢—050)
MRE 00483611 0053990 0.0562217h  0.04827(1 0055220} 0.062481%0 0.0672711% 0058131}
¥ Ranks 621 14.514 207 4l 1806 270} 301104 {8
300 BIAS 0004181 0.00466/° 000465 0.00396!'7  0.004741%1 0004203} 004 0.005081°" 0.00526!1%  0.00467!7)
MSE  3e-0545)  3e-05145)  3e-05145h 305451 3e-05045) 305145 30050451 4e—0509Sh 4 05095) 3605145
MRE  0.041822) 004655 0.04598150  0.0396!1} 0047481 0,042011 00451 0.050781%  0.05262110 00466617
¥ Ranks 8512 16,51 14501 651 20518 10,50 1250 27501 295110 18517

Table 2. Simulation values of BIAS, MSE and MRE for § = 0.5.

Table 3. Simulation values of BIAS, MSE and MRE for ¢ = 1.0.

n B B 7 2 2 s 23 2 ) ) En
15 BIAS 01921307 01992877 02178577 0.1806877  0.2253377  0.196457) 02063477 02601107 02186301 0.204550
MSE 0065261 0.0662114 009131581 00517100 0.0888117) 00721415 007926 014071100 0.09525¢)  0.064811)
MRE  0.19213(2)  0.19928) 02178517} 0.18068('F  0.225331%  0.1964513 0206341 026011100 0.21863%51  0.20455(5}
X Ranks 702} 12045} 20 3 2585} ne 18(6H 301104 25085} 12045}
30 BIAS 01263210 01425907 01506581 012882 01461310 01347300 01416301 078160190 0.167220°0  0.1501107)
MSE 00269812 00333014 00408801 0.02626!"1 0035841 00296117 003353051 0057510 0.04971%) 00374107}
MRE  0.1263211)  0.142590)  0.15065(%)  0.1288 0146131 01347300 0141636 0.17816100 01672200 01501117
X Ranks 41 1445 2418} 512 1816} 9t} 134 30010} 270 217
100 BIAS 00685111 0.0746814)  0.07939(% 007195 0082577 0.073491) 00787701 0.00307000 0088687 0.083950%)
MSE 0007561 0.0091214) (€ 0.007922h 0.01097) 8651 0009881 00141109 00122801 0.010747}
MRE  0.0685111  0.07468(4)  0.07939(  0.0719: 00825717 0073490 0.078776)  0.093071% 00886801 0.08395%)
X Ranks 301 1214 18161 6 27 913} 1505 30010} 270 2
150 BIAS 0057961 006310 00656817 0059061 0.0657717  0.058171 00634701 0.0727810 0075141100 0066818
MSE 0005331 00064610 0.00711  0.0052903  0.006871  0.005201'5) 0.00633¢)  0.008251)  0.00907!") 00070217
MRE 0057961 0063140 0065681 0059061 0.0657717)  0.05817¢)  0.06347) 0072781 0.075141100 0.06681%
X Ranks st 1304 20103 75061 20105 512 1405} 279 301100 2308
200 BIAS 00501111 0.05477150 005807070 005028 005639190 0052700 0.05462041  0.060381°  0.06303(10)  0.05958(%)
MSE 00038911 0.004895) 00053817 0004071 0.005111%)  0.004261% 0.00602(*0,0063311%) 0.00545(5}
MRE 00501117 00547707 0058077} 0050281 0.056391) 005273} 006038 0.06303(1%  0.05958%)
X Ranks 301 55 2107 612 181} 3t 2719 301100 248
300 BIAS 0041591 00438314 004633071 0.03966!11  0.046321% 00409212 0.051971° 00507611 004752081
MSE 0002728 00031 00033810 0.002421F  0.00352{"  0.002592) 0.00428100 0,004 0003555
MRE 00415900 0.043831) 00463371 0.03966('F  0.0463260  0.04092(2) 00519709 0.05076(  0.04752(5F
LRanks o0} 1) 200 300 ¢ 601 30010} 270} 2481

Table 4. Simulation values of BIAS, MSE and MRE for ¢ = 2.0.

T E 3 I I, I I, I ) 2 [am n B b £ L2 L2 Es 23 L3] 2] 2] L
T T T 71 B T By VT By T 7 ey e T B e e a T e 15 BIAS 0384 0413061 04s2iiPT  03mas 043011 03825717 04324807 053310 04331607 049990
MSE 002029 0017040 002442 004150} 290 001 0020640 00415709 0.0 00189514 MSE 0267800 02869340 04040600 02406010 0366871 0267202 03029281 06065100 033543060 0207415
MRE 0202421 0201950 0227837 01877401} 021374160 027942010 02107115} MRE 0192430 0206531} 022636 0.192412) 0220061} 0.19120(1) 02162417 026918000 021258651 0.215(0
oG} 210} 300 pit 18161 postt s YRanks 90} 1214 270} 561 2318 41 20 300100 166} 1766
10 00700810 00722} 006244} 0073660 007504) 00878400 008545} 0,0732006) 300 BIAS 0274710 02892719 02532009 0265610 0301460 0270512 0289457 03368800 0316629 02864605}
0.008241)  0.00886(%  0.006170)  0.00033(7} 0.00943(8)  0,0142419  0,0147411  0.00865(5) MSE 0128441 0.1401317) 013922000 01130201 0.147501 0.120897) 01372150 019635090 017031 0.131316)
0140151 014440} 01248800 0147310} 0150078 01756700 0170919 0.14658(6) MRE 0137351 014464 0141644 0032800 0150738 01352618 01447300 01684409 01583100 0.143230)
1210 165 2107} 2418} it 280 17061 SRanks 90 19(65) 14051 300 208 e 19163} 30000 2761 1463
100 BIAS 003:02) 0036951 0040770 008839 0035279 0037018 0045361 0.0466319  0.038940) 100 BIAS 0443200 0asTIh ole2® 0nssastt 0asor® 01462100 0157l 04757200 01764700 0.1632900)
MSE 0001921 0002269 0002645 000246 0002070 00022310 000341 0.0033610) 000246} MSE 003250 0038394 0042419 003084 004161 00320701 00405700 00522609 0050140} 0.04086(°)
MRE 0008041 0073908 0081548 00T 00708 00703 0007 009960 0 orrEe) MRE 00719117 0078551 0082060 00691411 0079551 007310 007870 0.087861% 00882300 0.081650)
SRaks 3 Tt Tt g lo®) o) 1465) o 3000, 200 TRaks 6% 12 240 30 19(6) o) ) 20 20(10) 2000
150 BIAS 00299412 00314319 0032260 0028610 0033827 0030517 00310341 003691 00360200 0.034418) 150 BIAS 0114481 01253000 013264071 01137901 01327208 01197200 012553051 01430910 0147451100 0.13173(¢}
MSE 0001442 000158 000168 00012700 0001757 000150 00015 00021200 0002070} 000187 MSE 0020551 00245910 0027236 00199201 0027311 0027309 00253861 0033029 0033760 0,027830)
MRE 005989 0062870 0064538 00572200 0067647 00610200 0062070 0073810 0072030} 0.068810 MRE 0057240 0062700 0066270 0056900 0066361 0059861 00627700 0.071548) 007372000 0.06586()
SRaks 6 1515 1816) P Pt e 129) Pty 27090 24 LRaks  6° 128 200651 300 218 o0t 1501 270 3000 2065
200 BIAS 00246610 00263119 002052081 00264901 00288707 00256512 00273805 0031491 003235110 0.02837(6) 200 BIAS 0ain 0110615} 0.1156307 0.10269120 01139419 01038801 0.10849%) 013058010 01235900 0.11657%
MSE 0000070 0.00113%)  000138®  00011¢ 0001337 000107 0001150} 00016°F  0.00165(9  0.00129(6) MSE 0015981 0.0194915)  0.02125%1 0017072 00178400 00182004 0027520100 0.02396°)  0.02104(7}
MRE 004932010 00526200 0059038 0052984} 0057747 00513120 0054770} 0062991 0.064700  0.056746) MRE 00500 0055300 00578200 0051350 0051940 00592441 00652909 006189 0.058295%
¥ Ranks 301} 103 24081 16 2107 62} 1505 270} 30010} 1816} X Ranks 301 1515 7} 62 of3t 1204 30010} 2709} 2308}
300 BIAS 00191411 00226519 0023371 00212700 0023670 00208112 0.0225¢  0.0266800 002579 0.02446(8) 300 BIAS 00779112 00012119 0.09542070  0.0755711F 00954318 00815711 0.088950)  0.1030411°0 01008201 0095376}
MSE 0000581 000083 0000888 0000715 000917 0000725 000 00011300 0001040} 000092 MSE 0009911 00130260 001461 00092201 00142119 0010720 0012361 00169209 001613% 001457
MRE 0038291 00453109 0.04673(6) 00425400 04720 0.041632 0.04540 0053360100 0051419 0.0489205) MRE 00389610 0045650 004771750 0037781 0.0477175 00407900 0.044480  0.05152000  0.05041°)  0.04768(¢
¥ Ranks 3011 15151 1816} 8501 217 52 12041 30010} 2709} 24181 ¥ Ranks 62 1515 22518 3 21507 9i3} 1204} 300104 2709} 1916}

The estimation of the NXLD parameter 6 is carried out
using the minimum spacing absolute-log distance estima-
tion (E10) approach, which requires the minimization of the
following equation.

n+1

| log M; — log |

wy (x;) = i

V. NUMERICAL SIMULATION

This section will utilize all the estimation methods previ-
ously discussed. We will investigate the performance of these
various techniques when applied to estimate the parameter
of NXLD. Furthermore, we will compare the numerical val-
ues obtained from each approach to evaluate and contrast
their effectiveness by determining an average of bias (BIAS)
|Bias(§)| AL/I Z?’I 1 |§ — 0], mean squared errors (MSE),
MSE % Zfil @ — 0)2, and mean relative errors (MRE)
MRE = LY 16 —0|/6.

To determine the optimal method for estimating model
parameters, one potential approach is relying on simulation
results. In our case, we generated 1000 random samples from
the NXLD distribution using the R programming language.
The sample sizes varied between 15, 30, 100, 150, 200,
and 300. Tables 1-6 present the outcomes obtained from our
simulation, with each value representing the ranking of a
particular estimation method relative to the others. Mean-
while, Table 7 shows our estimator’s partial and overall

rankings. Based on the results of our simulations using ran-
dom samples from the NXLD, we conclude that the MPSE
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Table 5. Simulation values of BIAS, MSE and MRE for § = 2.5.

T B 2 I 3 2 2 I ] )
15 BIAS 05174707 05368207 04519877 05528877 04781977 05367101 0.6571101  0.538487%
MSE 0459271 04627980 05190318 03195511 055864180 0.409981) 058946 0.8601811%0 0528917
MRE  0.197011) 0206991} 02147300 01807911 0221151 0.19128(2) 021468081 0262841100 02153913
¥ Ranks ) 1214 (6} 3t 261 62 2117 301100 2318
30 BIAS 03230510 03725100 039685°0 0334720 03817917 03432200 03597400 0.42666(1°)  0.39021(8}
MSE 017771120 023562090 02815700 0175881 02431707 0.197810) 02120301 032281101 02701118
MRE 01202201} 0.149011%  0.15874%) 013388121 01527117 0137290 0.143914)  0.17066!'0  0.15608(3
YRanks  4l) 15061 270} 561 217 901} 130 300100 2418
100 BIAS 0173010 0188301 020787070 072020 02083208 0177390 0as6s6lt 02211110 0229991100 02034116
MSE 004774120 00575215 00689811 0.0461911  0.0683217)  0.049761) 0056484 0.079971°)  0.0872411%)  0.06346°
MRE 006020 00753209 00831570 0068810} 008333 0070961 0074744 0088451 000200 0.08136(6)
YRanks 60 5151 20} 2308 903 1204 2709 30101 1806}
150 BIAS 01480817 01569315 0.16948(5) 01655519 0145211 01533500 0188470 0.18526(7  0.16792(7
MSE 0035191 0.039861)  0.04496(%) 00445117 0.03425(2) (41 0.056840100  0.05348°)  0.04423(6)
MRE  0.059: 00627765} 00677908 0.058081)  0.06134141 0075390100 0,07411  0.06717("}
X Ranks 72 1505} 2418} 723 916} 4l 120 301 270 2007
200 BIAS 01233617 0130711 01430370 0123110 0140661 0135051 01309200 01610610 0.16284110  0.146770%F
MSE 00239812 0027191 0031830650 002337111 0,0318310%) 00288415 0.028341)  0.040991°)  0.041911) 0032398}
MRE 0049341 00522800 0057217 0.04924{1} 0.0540260 00523740 0.06442(")  0.0651411%7 0.0587118}
X Ranks 602} 9l 20517 3t 1850 1505} 126 271 301100 2418
300 BIAS - 0.099201 0109680 01121900 0101230 01152070 0.102796) 0108998 013075100 0125391 0.116028)
MSE 0015541 0019131 0019941 00161221 00208277 0.016880) 0019111 002795090 0.02554*h  0.02132(5
MRE  0.0396817  0.043845  0.04488(% 0040491 0.0460817)  0.041110)  0.043614 0.05016¢F 0.0464115}
SRanks 300 1515 156 62) 2107 903} 126} 20 2408
Table 6. Simulation values of BIAS, MSE and MRE for § = 3.5.
o Est z 2 2 I, s Es G Es E T
15 BIAS  0.685691") 07102307 076437 0.65T7 0.75908T°T 0.6694377 0774877 0.9538710 076303777 07178877
MSE 08512414 088161051 11871100 0.66575() 0.99427(88 0758702} L2 220835000 11184918 0.8286713)
MRE 0195911 02020264} 021837680 0185711 021688000 019127120 02213700 027251100 0218017 02051115
063} 13643} 25(85) it 1816) 62 251851 300101 200} 13045
30 04730713 04950500 053515181 04712220 05405200 0.4333511) 0.49342080 060520 05288507 0.51877(%)
03752813 044254160 04965110 03481910 0.47914070 03024911 0.418590  0.638491100 04923618 0.4314205)
01351610 0.1414450 0152080 0.1346312 0.1544300 0.12382(0 0.140080  0.172011100 0151117 014822160
o3} 1615 2 6 25085} i) 1214 300100 201 1766
100 0256131 02597101 0.29209%1 02489811 027805061 0263381 0.2676500 0323941100 0312679 0.2860817
0.103481 01049201 0.138181%1  0.09836(1)  0.12344(61 0108851 0.1124300 0169181100 01555419 0.1252617)
0.0731812) 0.074203) 345080 00711400 0.07944000 0075251 0.07647051  0.092551°F  0.089331) 00817417}
6121 9l 2418) 30 ¢ 120 1513 30000 270% 2117
150 019275110 0224815 02275300 019911} 0231577 0.199601  0.219040 0263411100 0247971 0.2458918)
MSE  0.06042(1 00806307 0.08113(9 00629202} 0.0855771  0.064711%) 0.111091% 010002 0.0931518)
MRE  0.055071")  0.064236F 0065011 0.0568912)  0.06614(" 0057061 0.0752611%  0.07085°  0.07025!8)
X Ranks 3t 15051 1816 6121 217 93} 300100 270 248
200 BIAS 01694411 0188740 02015410 017736 021146 0182118 02245511% 021619 02025917
MSE 00458710 00555 006538170 0.05093) 006835} 0.053421%) 008141110 0,07444% 00641716}
MRE  0.048411) 0053936 00575810 0.050681  0.06042(8) 0052031 0064161 0,06177%) 00578817}
¥ Ranks 311 1415} 1916) 612 24181 oty 301100 270% 2017
300 BIAS  0.14094)  0.1576200  0.15709  0.14042(1 0.15828(°  0.144038 01617970 0174131 0.19088!17F  0.168541%)
MSE 003096111 0.03901141 0039285 0.03166) 00397900 0.03316!" 00408471 0047841 005581100 0.04415!%)
MRE 00402720 0.0450301  0.0448814)  0.04012(1) 004522000 0.0411517 00462371 0049751 0.0545411°0  0.04815!%)
X Ranks s 14151 134 4l 1816) oty 21 2700 30119 2418

approach is the most effective for estimating the NXLD
parameter.

VIi. ACTUARIAL MEASURES
In this section, some actuarial properties of the NXLD are
discussed and derived mathematically.
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Table 7. Partial and overall ranks of all the methods of estimation of
proposed distribution by various values of the model parameter.

Parameter n E\ Ey E; Ey Es E¢ Eq Eg Ey E
6=0.1 15 2.0 4.5 7.0 1.0 8.0 3.0 6.0 10.0 9.0 4.5
30 3.0 55 8.0 1.0 7.0 2.0 4.0 10.0 9.0 55

100 1.0 6.0 5.0 3.0 4.0 2.0 8.0 10.0 9.0 7.0
150 1.0 4.0 7.0 2.0 6.0 3.0 5.0 10.0 9.0 8.0

200 2.0 4.0 7.0 1.0 6.0 3.0 5.0 9.0 10.0 8.0
300 2.0 6.0 5.0 1.0 8.0 3.0 4.0 9.0 10.0 7.0
6=05 15 4.0 3.0 7.0 1.0 9.0 2.0 6.0 10.0 8.0 5.0
30 2.0 4.0 5.0 1.0 7.0 3.0 8.0 10.0 9.0 6.0
100 1.0 4.0 8.0 2.0 6.0 3.0 5.0 9.0 10.0 7.0

150 20 5.0 6.0 1.0 7.0 3.0 4.0 10.0 9.0 8.0
200 1.0 3.0 8.0 4.0 7.0 2.0 5.0 9.0 10.0 6.0
300 1.0 5.0 6.0 3.0 7.0 2.0 4.0 10.0 9.0 8.0
6=1.0 15 2.0 4.5 7.0 1.0 8.5 3.0 6.0 10.0 85 45
30 1.0 5.0 8.0 2.0 6.0 3.0 4.0 10.0 9.0 7.0
100 1.0 4.0 6.0 2.0 7.0 3.0 5.0 10.0 9.0 8.0
150 1.0 4.0 6.5 3.0 6.5 2.0 5.0 9.0 10.0 8.0
200 1.0 5.0 7.0 2.0 6.0 3.0 4.0 9.0 10.0 8.0

300 30 40 70 10 60 20 50 100 90 80
6=20 15 30 40 90 20 80 10 70 100 50 60
30 30 65 45 10 80 20 65 100 90 45

100 20 40 80 10 60 30 50 90 100 70

150 20 40 65 10 80 30 50 90 100 65

200 10 50 70 20 60 30 40 100 90 80

300 20 50 80 10 70 30 40 100 90 60

6=25 15 30 40 60 10 90 20 70 100 80 50
30 10 60 90 20 70 30 40 100 80 50

100 20 50 70 10 80 30 40 90 100 60

150 25 50 80 25 60 10 40 100 90 70

200 20 30 70 10 60 50 40 90 100 80

30 10 50 60 20 70 30 40 100 90 80

6=35 15 30 45 85 10 60 20 85 100 70 45
30 30 50 85 20 85 10 40 100 70 60

100 20 30 80 10 60 40 50 100 90 70

150 10 50 60 20 70 30 40 100 90 80

200 10 50 60 20 80 30 40 100 90 70

300 20 50 40 10 60 30 70 90 100 80

TRanks 675 1645 2475 585 2495 950 1840 3490 3235 2410
Overall Rank 2 4 7 1 8 3 5 10 9 6

A. THE QUANTILE FUNCTION OR VALUE
AT RISK OF THE NXLD
From c.d.f. in Equation (4), the quantile function of the
NXLD is defined as follows
2 1 2w —1)
Oxw)=VaR=xy,= ——-W_1|——|, uel0,1],
6 6 |: e2 i|
where W_ is the negative branch Lambert function
Definition 2: Risk managers use value at risk (VaR) to
measure and control the level of risk exposure. The mathe-
matical definition is

VaR = inf(x e R, P(X > x <1 —p)),

where p € (0, 1) is the level. The formula tells us what the
maximum loss we can expect tomorrow, with normal market
conditions, or what amount of loss we should not exceed with
a given level of probability, thus VaR is also known as a
quantile risk measure and is defined as VaR = F~(p) for
a continuous distribution is.

B. MEAN EXCESS FUNCTION

For a claim amount random variable X, the mean excess or
residual life function is the expected payment per claim on
a policy with a fixed amount deductible of x, where claims

with amounts less than or equal to x is completely ignored.
It is defined for the NXLD as follows

ex)=EX —x/X >x)= 1—;17()5)/00(1 — F(u))du

_ Ox+3
T 0Ox+2)
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C. LIMITED EXPECTED VALUE FUNCTION

The limited expected value function L of a claim size vari-
able X, or of the corresponding c.d.f F(x), is defined as
follows

L(u) = E{min(X, u)} =/uxdF(x)+u{l —Fw}, u>0.
0

The value of the function L at point x is equal to the
expectation of the c.d.f F(x) truncated at this point. Given
a policy limit or deductible from a reinsurance perspective,
say u, a limited loss random variable is defined as follows

X, X<u

X/\u:min(X,u)z[
u, X>u

The limited expected value function is defined as the expec-
tation of the limited which is calculated as follows

EX Au) = /uxf(x)dx + u(l — F(u))
0

=mi(u) + u(l — F(u)),

where

ml(u)z/o xf(x)dx = %—i—% (Huz— (1 4+26)u —g) e

Then, we have

3 2 1 3 —ou
E(X/\u)=%+ Ou +(§—0)u—% e ",

D. TAIL VALUE AT RISK

The tail value at risk (TVaR) also known as the tail conditional
expectation is a risk measure associated with the general
value at risk. TVaR measures the expectation of the losses
beyond VaR. The TVaR is defined for the NXLD as follows

TVaR = E(X|X > VaR)
1 o
= — xf (x)dx
1 —p Jvar
1 © 6 —ox
= — x=(1+0x)e "dx
l—pJwr 2

9679VaR ) 3 3
= —— | WuR —VaR+ — ).
2<1—p>(“ s +02)

Although it virtually always represents a loss, VaR is con-
ventionally reported as a positive number.

E. TAIL VARIANCE
Tail variance (TV) measures losses’ conditional variance,

given that they exceed VaR at a given probability P. TV is
defined for the NXLD as follows

TV = E(X?|X > VaR) — (TVaR)?
o0
=—— | xX*f(x)dx — (TVaR)*
1 —p Jwr
0 vary + oar + S oamy+ 2
=——Va —(Va —(Va —
2(1—p) 0 62 63
ge—ZOVaR 0 ) 1 5
- = _(=(VaR VaR) + —)2.
4(1_19)2(3( aR)” + (Va )+9)
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VII. REAL DATA ANALYSIS
In this section, the real-life applicability of the new one-
parameter model is demonstrated by two real datasets. The
first real dataset represents the failure and running times
of a sample of devices from a larger system field-tracking
research. The data studied by [12] and for detailed informa-
tion about the data, see [6]. The first data are given by: 275,
13, 147, 23, 181, 30, 65, 10, 300, 173, 106, 300, 300, 212,
300, 300, 300, 2, 261, 293, 88, 247, 28, 143, 300, 23, 300,
80, 245, 266. The second dataset indicates the failure times
of eight components at three different temperatures 100, 120,
140 and taken from [14]. The second data are 14.712, 32.644,
61.979, 65.521, 105.50, 114.60, 120.40, 138.50, 8.610,
11.741, 54.535, 55.047, 58.928, 63.391, 105.18, 113.02,
2.998,5.016, 15.628,23.040,27.851, 37.843, 38.050, 48.226.

We evaluate the NXLD from Xlindley (XL), gamma (G),
Weibull (W), exponential (E), Lindley(L), Shanker (S),
Akash (A), Zeghdoudi (Z), Chris-Jerry(CJ), and Xgamma
(XG) distributions for this data. Information of pdf about
competitor models is provided as follows:

2

Jxr (x) = " @ +x +2)exp (—bx),

5 x,0 >0
1+06)

1 a1 X
fo (x) = mx exp (—5) , x,a,0>0
fw (x) = % (f)a71 exp (— (g)a) , x,a,0>0

0
fE(x)=0exp(—b6x), x,0>0
2
x)= — (1 +x)exp(—06x), x,0>0
fi () = s (L ) exp (=6)
2
fs(x)zm(e +x)exp(—6x), x,60>0
93
fa(x) = 712 (1 +x2) exp(—6x), x,06>0
fr = 22 (4 xexp(—om). 3050
x) = x)exp (—0x x,0 >
z 246 P o
2
fer (x) = 1o (1 +0x2) exp(—6x), x,6>0
frG @) (147 Y expcox). x.050
=T 5 — — >
XG (X 110 ) Xp xX), X,

The MLE method is used to carry out the parameter es-
timation procedure for all models based on voltage data.
We compute the MLEs of the parameter of models with
their standard errors (SE), as well as ?, Akaike informa-
tion criterion (AIC), Bayesian information criterion (BIC),
consistent AIC (CAIC), Hannan-Quinn information criterion
(HQIC), Kolmogorov-Smirnov statistic (KS), Cramér von
Mises statistic (CVM), Anderson-Darling statistics (AD) and
p-value of these statistics (KS p-value, CVM p-value, and
AD p-value).

Modeling results for two real data are presented
in Tables 8-11. It is noteworthy from Tables 8-11 that NXLD
gives better results than the other ten models when all criteria
are considered. Based on this result, the proposed model gave
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Table 8. The goodness of fit results in voltage data for models NXLD, XL,
G, W, and E.

NXLD XL G W E
3 -184.1358 -187.0717 -185.0207 -184.3138 -185.2901
AIC 370.2716 376.1434 374.0413 372.6277 372.5803
BIC 371.6728 377.5446 376.8437 375.4301 373.9815
CAIC 370.4144 376.2862 374.4858 373.0721 372.7231
HQIC 370.7198 376.5916 374.9379 373.5242 373.0285

0.2151(0.1246)  0.2286(0.0869)  0.2173(0.1178)  0.2194(0.1112)  0.2161(0.1214)
1.8720(0.1085)  3.0734(0.0254)  2.0004(0.0922)  2.1098(0.0804)  2.0022(0.0920)

KS (KS p-value)
AD (AD p-value)

CVM (CVM p-value) ~ 0.3260(0.1140) ~ 0.3797(0.0812)  0.3464(0.1001) ~ 0.3315(0.1101)  0.3678(0.0875)
] 0.0086 0.0112 0.0067 188.0545 0.0056
o 1.1896 1.2650
SE of 8 0.0013 0.0014 0.2669 0.2044 0.0010
SEof a 0.0018 28.2174

Table 9. The goodness of fit results in voltage data for models L, S, A, Z,
0, and XG.

L S A Z CJ XG
t -187.4624 -187.9747 -195.5284 -195.1676 -192.0710 -190.7116
AIC 376.9248 3779493 393.0567 3923352 386.1419 383.4232
BIC 378.3260 379.3505 394.4579 393.7364 387.5431 384.8244
CAIC 377.0677 378.0922 393.1996 3924781 386.2848 3835661
HQIC 377.3731 378.3976 393.5050 392.7835 386.5902 383.8715
KS (KS p-value) 0.2294(0.0851)  0.2302(0.0831)  0.2499(0.0471)  0.2495(0.0477)  0.2374(0.0679)  0.2329(0.0772)
AD (AD p-value) 3.1803(0.0225)  3.3080(0.0194)  5.9712(0.0010) ~ 5.8873(0.0011)  5.2249(0.0023)  4.7973(0.0037)
CVM (CVM p-value)  0.3842(0.0790)  0.3891(0.0766)  0.5029(0.0384)  0.5003(0.0390)  0.4642(0.0485)  0.4471(0.0537)
6 0.0112 0.0113 0.0169 0.0169 0.0165 0.0163
a
SE of 6 0.0014 0.0014 0.0018 0.0018 0.0018 0.0018
SE of &

Table 10. The goodness of fit results in failure times data for models
NXLD, XL, G, W, and E.

NXLD XL G W E

7 -119.4669 -119.8106 -119.3782 -119.1195 -120.2298

AIC 2409338 2416212 2427565 2422390 2424595

BIC 242.1118 242.7992 245.1126 244.5951 243.6376

CAIC 241.1156 241.8030 2433279 242.8105 2426413

HQIC 2412463 241.9337 243.3816 242.8641 2427720

KS (KS pvalue)  0.1146(0.8760)  0.1389 (0.6921)  0.1212(0.8312)  0.1272 (0.7871)  0.1282 (0.7792)

AD (KS p-value) 03442 (0.9007) 05883 (0.6573)  0.3460 (0.8991)  0.3410(0.9036)  0.5557 (0.6891)
CVM (KS p-value) ~ 0.0524 (0.8660) ~ 0.0673 (0.7729)  0.0490 (0.8868)  0.0448 (0.9109)  0.0928 (0.6254)

0.0275 0.0351 1.4314 1.3003 0.0181
o 0.0260 59.5171

SE of 6 0.0049 0.0051 0.3740 0.2167 0.0037
SE of a 0.0081 9.8175

Table 11. The goodness of fit results in failure times data for models L, S,
A, Z, CJ, and XG.

L S A Z @] XG

£ -120.0061 -120.2673 -124.2598 -123.9266 -122.7025 -121.8237
AIC 2420122 2425345 250.5197 249.8532 247.4051 245.6474
BIC 243.1902 2437126 251.6977 251.0312 248.5831 246.8254
CAIC 242.1940 2427164 250.7015 250.0350 247.5869 245.8292
HQIC 242.3247 242.8471 250.8322 250.1657 2477176 245.9599

KS (KS p-value)  0.1414(0.6720) ~ 0.1439 (0.6506) ~ 0.1944 (0.2858)  0.1922(0.2984)  0.1862(0.3339)  0.1769 (0.3942)
AD (KS p-value)  0.6813 (0.5730)  0.8043 (0.4766) ~ 2.3537 (0.0597)  2.2555(0.0673)  1.8341 (0.1140)  1.5044 (0.1756)
CVM (KS p-value)  0.0743 (0.7302)  0.0824 (0.6824)  0.1846 (0.3007)  0.1794 (0.3125)  0.1693 (0.3375)  0.1527 (0.3834)
0.0357 0.0363 0.0544 0.0539 0.0526 0.0516

a
SE of 8 0.0051 0.0052 0.0064 0.0064 0.0063 0.0063
SE of &

better results than the two-parameter Weibull and gamma
distributions. As NXLD performs well over a wide range of
one-parameter distributions as well as Weibull and gamma
distributions, NXLD will become a very competitive model.

VIIl. CONCLUSION

This study introduced a novel one-parameter distribu-
tion called the New XLindley Distribution (NXLD).
One-parameter distributions hold significant value as they
serve as fundamental models for developing future distribu-
tions. We have investigated various mathematical properties
of the NXLD, including mode, moments, entropy, and stress-
strength reliability. Moreover, we have explored the NXLD’s
applicability in actuarial science by examining its actuarial
properties. Furthermore, we have addressed the estimation
of the unknown parameter in the NXLD using multiple
estimation techniques. To assess the performance of these
estimators, we conducted a comprehensive Monte Carlo
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simulation and compared them based on criteria such as bias,
mean squared error (MSE), and mean relative error (MRE).
The examined mathematical properties contribute to a deeper
understanding of the distribution’s behavior, while the ac-
tuarial analyses highlight its utility in actuarial contexts.
The findings of our study provide valuable insights into
the characteristics and practical applications of the NXLD.
After analyzing the voltage and failure time data, it is seen
that the new one-parameter distribution demonstrates higher
flexibility compared to several one-parameter distributions
such as exponential, Lindley, Shanker, Akash, Xlindley, and
others, as well as two-parameter distributions like gamma and
Weibull. If a data analyst aims to utilize distribution with one
parameter to model real data effectively, the new model serves
as a good alternative to achieve this objective.
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