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Abstract

family of

Based on the Weibull-G Power probability distribution family, we have proposed a new family of
probability distributions, named by us the Max Weibull-G power series distributions, which may be applied
in order to solve some reliability problems. This implies the fact that the Max Weibull-G power series is the

distribution of a random variable max(Xl,Xz,...XN) where X, X,,... are Weibull-G distributed
independent random variables and N is a natural random variable the distribution of which belongs to the

power series distribution. The main characteristics and properties of this distribution are analyzed.

Keywords:

Lifetime; power series distribution; distribution of the maximum; Weibull distribution.

1 Introduction

The Weibull distribution is often found in reliability modeling and not only. It is mainly used in the rate of
stochastical modeling hazard when analyzing the failure rate in electrical engineering, or studying the super
tension occurring in a circuit in industrial engineering within the study of delivery times, the extreme values, the

weather fo
etc.

recast, the radar systems for modeling the signals level dispersion received from different sources,
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Additionally, large-scale applications in various fields, such as engineering, lifetime, and economy, etc. have led
to the introduction of a new family of distribution models, the Weibull-G (NWG) [1]. The well-known
generators are, as follows: beta-G by Eugene et al. [2], Kumaraswamy-G (Kw-G) by Cordeiro and de Castro [3],
McDonald-G (Mc-G) by Alexander et al. [4], gamma-G typel by Zografos and Balakrishanan [5] and Amini et
al. [6], gamma-G type 2 by Risti ¢ and Balakrishanan [7] and Amini et al. [6], odd exponentiated generalized
(odd exp-G) by Cordeiro et al. [8], transformed-transformer (T-X) (Weibull-Xand gamma-X) by Alzaatreh et al.
[9], exponentiated T-X by Alzaghal et al. [10], odd Weibull-G by Bourguignon et al. [11], exponentiated half-
logistic by Cordeiro et al. [12], the T-X{Y}-quantile based approach by Aljarrah et al. [13], T-R{Y} by
Alzaatreh et al. [14], Lomax-G by Cordeiro et al. [15], logistic-X by Tahir et al. [16] and Kumaraswamy odd
log-logistic-G by Alizadeh et al. [17].

The distribution class of the Max Weibull-G power series comes to complete the research with reference to the
distribution family generated by the Weibull distribution. In this case, the treatment is done unitarily using the
power series distribution class (PSD).

In this paper the distribution for the maximum of Z independent and identically Weibull-G distributed random
variables are analysed, where number Z is a power series distributed random variable.

The article is structured as follows: in section 2, preliminary results are presented, including the basic notions of
power series distributions, examples of distributions of this type where the power series, the power series
parameter and the corresponding convergence radius are highlighted and, Finally, the distribution function and
the probability density of the Weibull G distribution are defined. The main features and properties of the Max
Weibull G distribution are analyzed in section 3. In section 4, the Poisson limit theorem is formulated and
proved in the context of the Max Weibull G distribution. The validation of the Poisson limit theorem from a
graphical point of view is completed in section 5 for some special cases of Max Weibull G distributions. Section
6 of the paper represents the conclusions to the study.

2 Preliminary Results

Over the years, many researchers have created reliability models which generate certain probability distribution
families, as they create a good flexibility when modeling and analyzing data in practice. For example, Gurvich
[18] introduces a model which is based on the Weibull distribution: G(X,a,n)=1—exp(aH(x,n)) ,

xeDcR,a>0, where H(X,n) is a nonnegative, increasing function, which depends on the vector

parameter and this distribution generalizes the exponential distribution H(x,n) =X, Rayleigh (H(X,n) = x?
), Pareto (H(x,m) =In E ).

Then Zografos and Balakrishman [5] define a new distribution family starting from the probability density of
Stacy’s generalized gamma distribution.

Recently, Bourguignon et al. [6] has generated the Weibull distribution families introduced by Gurvich [18] and
Zografos and Balakrishman [6], thus presenting a new Weibull distributions family using the Weibull generator

applied to the ratio G(x)/G(x) , where G(x) =1—G(x) Thus, in the cumulative distribution function of the
Weibull distribution with real parameters and positive .

one ( F(x) =1—exp[—(%)v} x>0, A,u>0), replacing x by , we obtain the distribution function family

for the Weibull-G distribution class:

1exol L[S |
Fue (X, A, 0,m) =1—-ex T {a(x,n)} , 1)
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xeDc R*, A,v>0and G(x,n) is the distribution function referred to, which depends on the vector
parameter. Also, the probability density function which characterizes this distribution family is:

G P {M} | 2

e (XA, )——g(x )—U+1 —
o Ve Gox.

where g(X,n) is the probability density function corresponding to the absolutely continuous type distribution
G.

Indeed,

AP L G(x,n) A1 G(x,m) dx\ 1-G(x,n)

v vl
=i[—§(x’")] 1exp { (x, ﬂ)} de(X’") G (xm)
ﬂU G(X,T]) ll) ( “) az(x,n)

/1“ dx

v-1 v
fWG(XJqU,ﬂ):%FWG(X,ﬂ,U,n):i[M] exp _i|:§(x,1]):| d( ( ']) ]

Y ( Tl) EM(X’ 1)

A random variable which has the cumulative distribution function defined by Eq. (1) or the probability density
function defined by Eq. (2) is denoted X ~WG(A, v, 1) .

Bourguignon et al. [6] give the following interpretation to the Weibull-G distribution family, that is: let Y be the
lifetime with the absolutely continuous type G distribution. The chance ratio for a component with a lifetime Y
to degrade to the x moment is namely it represents exactly the distribution of the random variable X:

G(x,m) _
p[x< o n)j P(Y <x)=Fys (X, A, 0,1),

where  F,.(X,A,0,m), X>0, A, 0>0 is defined by Eq. (1) and G(X,n) is the absolutely continuous
distribution function type which depends on the vector parameter 1.

Consequently, let us reproduce the definition of the power series distributions used by us, considering random
variable Z such that P(Ze {L,2,...})=1

Definition 2.1. ([19]) We say that the random variable Z has a power series distribution if:

a,0’

AG)’

P(z=2)=
(3)

z2=12,...;0¢(0,7)t>0,

where a,,a,,...are nonnegative real numbers, T isa positive number bound by the convergence radius of
power series (series function) A(®) = Zaz(az, VOe (0, r) and is the power parameter of the distribution.

z>1
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Remark 2.1. Let us denote by PSD the class of the power series distributions. Some of them may be found in
Table 1. The fact that the random variable Z has the distribution Eq. (3) will be denoted as Z € PSD .

Table 1. The representative elements of the PSD class for various truncated distributions (Binomial,
Poisson, Log, Geometric, Pascal, Bernoulli distributions)

Distributions a, Power Series function Convergence radius
parameter 6 A(D) T
Binom’(n,p) n P @+0) -1 o
z 1-p
Poisson” (1) 1 A e’ -1 o
z!
Log(p) 1 p ~In(L-0) 1
Z
Geom’(p) ! 1-p 0 !
1-0
Pascal(k, p) z-1 1-p 0\ !
=
BN (k,p) (z +k —1] P (1-6)* -1 1
Z

3 Max Weibull-G Power Series Distribution

Let be a sequence of independent and identically distributed random variables, X, ~ WG(A, v, 1), A,v >0
and a vectorial parameter of the absolutely continuous type distribution G. We denote by
Fe (XA vm)=F(xA0m) , x>0 the cumulative distribution  function  respectively

f. (2, 0,Mm)=F,c(x,2,0,m), x>0 the probability density function of the random variable (X; )
defined by the Eq. (1) and Eq. (2).

i>1 !

We also denote by U, = max{X,, X,,...,X,} , where the random variable Z € PSD .

According to Leahu et al. [20] the cumulative distribution function cdf and the probability density function of
the random variable U, are characterized by the following relations:

_ AlBFye (X, 2, 0,m)]
Uy (X, 2,0,m,0)= Alo] ,X>0 @)
and
o (%20 0,1,0) = Due (X, 20, q):[([)(i)FWG CHS n)]’ <=0 ©)

Definition 3.1. We say that U, ; has a Max Weibull-G power series distribution with parameters A,v,n
(denoted U,,; ~ MaxWGPYA, v, , ®)) if this has the cumulative distribution function defined by the Eq. (4)

or the probability density function defined by Eqg. (5), where A(®) is the power series which depends on the
power parameter which relates to the distribution of the random variable Z.
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The following results characterize the function of survival and the rate of hazard.

Consequence 3.1. The function of survival of the random variable U, is the following:

_AlBF,. (X, 2, 0,m)]

=1
SUWG (X,k,u,n,@) A[@]

, X>0.

Consequence 3.2. The rate of hazard for the random variable U, is given by:

Uy (2,0, 15,0) _ OF 6 (6,2, 0, WA [OF,6 (x, 1, 0,m)]

, 0.
S, (xrom®)  APlARR.xAo]

hy,. (X, %,0,1,0)=

The following result presents some properties of distribution for the maximum of random number of
independent and identically distributed random variables with the cumulative distribution function

Fe (X2, 0,1m)=Fye(x,2,0,m), x>0.

Proposition 3.1. If (Xi)iﬂ is a sequence of nonnegative independent and identically distributed random
variables  of  absolutely  continuous type  with  the  cumulative  distribution  function
a,0"

A©)

F (X, % 0,1m)=Fy (XA, 0m) , X>0and with ZePSD P(Z=2z)= (a,),.,a sequence of real,

nonnegative numbers, A(®) = Zaz®z, VOe (0, ’t), then:
z>1
1im Uye (x,2,0,1,0) =[Fye (%, 2, 0,0,0) ], x > 0,
where kK = min{n eN',a, > O} :
The expression for the moment of ' order of the random variable U, is presented further on.

Proposition 3.2. The moment of ™ order r € N, r>1of the random variable U, = max{Xl,Xz,...,Xz}
where Z € PSD , is characterized by the relation:

. a,0’ ;
EU.,. :;A@) E[max{X,,X,,....X,}], ©6)

where the probability density function of the random variable max{X1 X Xz}is:

y 21003

fmax{Xl,Xz,.“XZ}(X’ 7\" L, 'l) = ZfWG (X7 7\" L, n)[FWG (X’ 7\" L, n)]z_l

Other properties of the Max Weibull-G power series distributions are given by the following proposition that
shows that the distribution of the maximum of the first k random variable of a countable sequence of
independent and identically distributed random variables is, in certain conditions, equivalent to the distribution
of a sequence of random variables in a random number.

The following notations are required: U,,seom = max{Xl,XZ,...,XZ}, where Z~ Geom(p), p e(O,l) and
X;,i>1are independent and identically distributed random variables with the cumulative distribution function

Fue-
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Definition 3.2. We say that U,,q..., has a Max Weibull-G geometrical power series distribution of A,u,n
and p parameters, where A,v >0 refers to Weibull distribution parameters, 1 the vector parameter of the
absolutely continuous distribution G and pe(0,1) geometrical distribution parameter (noted by
U eeom ~ MaxWGGeom(A, v, m, p)), if it has the cumulative distribution function defined by Eq.(4) or the
probability density function defined by Eq. (5), where ® =1—p, p€(0,1) and A(®)= %.

Proposition 3.3. If (Xi )iﬂare nonnegative independent and identically distributed random variables of the
absolutely continuous type and (Yj )J_Zl are independent and identically distributed random variables,

Y, ~ MaxWGGeom (A, v,1,p), A,v>0, pe(0,1) and n vector parameter of the G absolutely continuous

distribution, then the random variable has the same distribution as the random variable max{Xl, ) I XZ},
where Z~ Pascal(k,p), ke{L,2,...}, pe(01).

4 Poisson Limit Theorem

Let’s denote Ulyggom = MaX{X,, Xyro.s X, ) and Uy = Max{X,, X,,..., X}, where (X,)., are

random variable nonnegative, independent and identically distributed with the the cumulative distribution

function F, (x,A,0,m)=F,c(x,A0m), Vx>0, Z~Binom'(n,p) , ne{L2...}, pe(01) with

A©)=(1+0) -1, ©<(0,), ®:1L and N~ Poisson’(a), a>0, with A(@")=exp@®’)-1,
-p

©® €(0,0), ® =a, the random variable (X;), and Z, respectively (X;)

independent.

., and N are reciprocally

Now we can formulate the following definitions.

Definition 4.1. (i) We say that random variable U has a Max Weibull-G binomial power series

WGBinom

distribution of parameters A,v,m and p (notedU cpinom ~ MaXWGBInom(4, v, n, n, p)) if this has the
cumulative distribution function defined by the relation:

1-p exp[ (xa(x,n)J} 1-p)

(4)
UWGBinom (X' }\’! v, 'li n, p) =

n ’ (7)
1-A-p)
X>0,20v>0,ne {1,2, .. .}, pe(0,1), orthe probability density function characterized by:
®)
u WGBinom (X, 7\‘1 L, N, n, p) =
-1
npug(x, n) Seen). exp — Clxm). 1-p-exp — Gxm) )
AG(x,n) AG(X,n) AG(x,n)

G(x, MG ML-1-p)" ]
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(i) We say that the random variable U, Nas @ Max Weibull-G Poisson power series distribution of
parameters A,v,m and « (it is noted U, ~ MaxWGPoisDN(A, v, m, o) if this has the cumulative
distribution function defined by the relation:

R ECT R
(4)exp{ ocexp[ (ké(x,n)J ﬂ exp(a)

UWGP0i$0n (X,A,0,m,0) = 1—exp(a) ) )

x>0, A, u>0, >0, pe(0) orthe probability density function given by the relation:

(5)
Uwepoison (X A5 0, M, @) =

avg(X, ﬂ)[}%(z;n‘i)J exp{ (?%(Z();nli)J - exp[_ (7%(2112)] }} a

G(x, MG (x, ML - exp(a)]

Remark 4.1. (i)The cumulative distribution functions defined by the Eq.(7) and Eq.(9) result from:
and

(i) The probability density functions defined by the Eq.(8) and Eq.(10) result from:
@ A[®Fye (X, 4,0,m)] (1+OFys (%, 4,0,m)" -1
Uweginom (X, 4,0,1,0, p) = [ e ]:( e n )
Al©] (1+0)" -1
s V]|
n XM n
v R RN |
(l-l—l_ 0 FWG (X,/I,U,T])j 1(1) /IG(X,T])

(lerjn 4 1-@-p)"

1-p
and

%) A[@"FWG (x,A,u,n)} ) exp[@*FWG (X, 2,0, n)}—l

) i Ao,n,a) =
WGPoisson (X: 4,0, 1, &) A[Q*] exp(®*)—l
expia—a-exp _(G_(X,n)] -1
_exp[aFRg (X, 4,0,m)]-10) AG(x,m)
exp(®*)—1 exp(a)-1
ool (G Y
exp{ aexp[ [/‘t@(x,n)] ]} exp(-a)
- 1-exp(-a) '
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(ii) The probability density functions defined by the Eq.(8) and Eq.(10) result from:

d
© Ofwg (X, 4,0, n)& A[OFRyg (X, 4,0,1m)]
Ungginom (X, 4,0,m,10, p) = NG

n-1
P P
4 — f X, A,0,m)-Nn| 1+ —— FRya (X, 4,0,
~ Ofye (X, 4,0,)-n(1+OFys (. Lo,m)" ™ 1-p we (X, 4,0.m) [ 1-p wa ( Un)j

n n
(1+®) -1 (1+pj 1
1-p

_"p- fwe (X, 4,0,m)-(1-p+ p'FWG(X,/l,U,n))n_l
1-(1-p)"

n-1
G | [ Som V), _[ GOn) j
0.(2) npug(x'n)[/lG(x,n)j eXp! [/IG(x,n)j H P eXp! AG(X,M) ]}

GG 1-(1-p)"]

and

* d *
©© fug (X, 2,01 Al 0 Fyg (x.Z.0.1) |

oisson (X, 4,0, m, @) = *
Uwcp (X Uﬂa) A|:®:|
B ® fig (X, 4,0,M) exp[(@*FWG(X,/LU,n)] _afwe (x4, 0,m)exp[aRyg (X, 4,0,1)]
exp(®*)—1 exp(a)-1
Gxn ) | [ Gxw ) (G )
““g(x’")bc‘s(x,mj o bé(x,mj “op (lé(x,n)j

1.(2)

G(x,)-G(x,M[1-exp(-a)]

The following result shows that the Max Weibull-G Poisson (with the cumulative distribution function

U eroison (XA, 0,m, @) ) approximates in certain conditions the distribution Max Weibull-G Binomial (with

the cumulative distribution function U cginem (Xs 4, 0,77, N, P)).

Theorem 4.1. ( Poisson limit theorem) If the random variable. U ,.0n ~ MaxWGBinom (A, v, n,n, p) and
U wepoisson ~ MaxWGPoisson (4, v, 1, &) with n — o and p — 0" so that np — ¢, & > 0, then

Ilm UWGBinom(X'}‘"U! 'ln nv p) = UWGPoison (X,?\,,U, '11 OL), VX > 0!

p—0*

where U, cginom XA, 0,M, N, P) and Uy goien (XA, 0, M, o) are the cumulative distribution functions of the

random variable ~v. U respectively U

WGBinom ! WGPoisson *

22
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Proof.
We examine the convergence in the terms of the maximum distribution U\yaginom @nd Uwapoisson X > 0

It is evident that:

n—
p—0* p—0*

“on
lim (1— p)" = lim {(1— p)_%} —e?,

lim [1-p+p-Fyg (X,/LU,H)]”

nN—oo
p—0*

- [~P+P-Fag (X A0m)]n
= lim {[1_ p+p-Fug (X, 4,0,m)] %—NP-HNG(X,/LM)]}

n—oo
p—0*

_ o~ @(1-Fue (xA0m))

Under these conditions, we obtain:

[1-p+p- FWG(X,/’t,u,n)]n -(@1-p)"
1-1-p)"

lim UWGBinom(XJnUJ],n, p) = lim
Nn—o0 N0

p—0* p—0*
e—a~(1—HNG(X,/1,U,n)) _e

= =U isson (X, 4, 0,1, @).
1_e @ WGPoisson

-

5. Special Cases
5.1 Max weibull uniform binomial distribution

In the first example, we consider that distribution G is the uniform distribution U on the interval (0,00). Then

the probability density function is g(x,¢)=% , X€(0,¢) and the cumulative distribution functions
X

G(x,¢) =—.
¢

Max Weibull-Uniform binomial distribution has the cumulative distribution functions given by the relation:

1-pexp -| = j —@-p)
(7){ pexp{ [w—x) P

UWUBinom(X7)\"U1¢1nlp)= 1_(1_p)n

,x<(0,0)

where L, 0>0, ne {12} p € (0,1). The corresponding probability density function is:
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el ]

2 (0-x)" - @-p)"]

(8)
U \uginom (X’ A, 4)1 n, p) =

with x € (0,4).
5.2 Max Weibull uniform poisson distribution

In the second example, distribution G is the same as uniform U distribution on the interval X (O, ¢). Therefore
Max Weibull-Uniform Poisson has the cumulative distribution functions given by the relation:

e ] e

U wipoison OG22, 0,0, 0) =

1—exp(-o) x<(0.9)

where ,v >0, o >0 and the corresponding probability density function is:

w P p{ o) - “ex"{‘ e )”} |

uWUPoisson (X,)\,,U, ¢’ (X,) = }\‘U (¢—X)U+1[l—exp(_a)]

with x € (0,9).
5.3 Max Weibull - Weibull binomial distribution

In this example we consider that distribution G is the same as Weibull distribution with the probability density
function and the  cumulative distribution  functions  characterized by the  relations:

b-1 b b
g(x,a, b):EKE) -exp{—(g) :l , respectively G(X,a,b)zl—expli—(gj } , a,b>0 . In these
a

conditions the cumulative distribution functions and the probability density function which characterize the Max
Weibull - Weibull Binomial distribution are the following:

ol 1 _lJ —a-py

1— —
pexp L N
)

UWWBinom(X’A"U’a’b’n’p): 1_(1_p)n [} X >0,

where A,v,a,b>0, n e{LZ,...}, p (0,1 and

n-1

o (<] 1] o [rJ(/)} p{ bJ ]

A

k”a"[l—exp(— %)bJ[l—(l—P)n]

(8)
uWWBinom(Xl 7\‘1 L, a, b, n, p) =

with X > 0.
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5.4 Max Weibull - Weibull Poisson distribution

For this distribution, the cumulative distribution functions and the probability density function are obtained by
the Eq. (9) and Eq. (10), where G is the same as Weibull distribution:
exp<—aexp| —

e)(p (ya)b B 1 v
A
(9

UWWPoisson (X'A’!U'avbva) = 1—exp(—a) , X>0

—exp(-a)

and

v

P b
aboxb’l[exp(%)b—l}uex - % —aexp _exp(’%)—l

A

(10)
uWWPoisson (X77»,U,a,b,a) = |

xvab[l—exp(—a)[l‘exp(_ ko) ﬂ

v

with , where X >0, where A,v>0, a,b,a>0.

Remark 5.1. In Figures1+4 Theorem 4.1 is reflected in terms of distribution function and density of
probability for both types of Max Weibull-G Binomial distributions, respectively Max Weibull-G Poisson, for
different values associated with their parameters, where G is identified with uniform distribution (Figs. 1 and 2),
respectively Weibull distribution (Figs. 3 and 4). The parameters for the Max Weibull - Uniform Binomial and

the Max Weibull - Uniform Poisson distributions are /le{ﬂ,l,i’/Z}’ ve{05115} ,7=4, n=40,
9

_1and o =10and for the Max Weibull - Weibull Binomial and the Max Weibull - Weibull Poisson
4

distributions the parametersare A =1, v e {0.5,1,1.5} ,a=15,b=05 n=30, p:y:md a=10
3

p

1 T T = e
A, 7 P ]
! / f’
( 1) s
cdfMaxWUB| x.1.1.4,40,— | ; / {
I 4) F P ‘
0.8 ! ] b
cdffaxWUP(x,1,1,4,10) # i
_ s ss /
5 1 K
g 4,40, H
A
E; i
= [
g 0.6 4 B
"é ‘i
= [ 35 3 1 ]
2 cdfMaxWUB| x.3(3. = 4,40 — | i
3 2 1) ’
= - #
= [ 353 1 oo4r B
B edMaxWUP| x.3/4.=.4,10 -
= \ 2 J
g o -
O cdMarWUB| x.1.0.5.4.40. |
1)
cdfMaxWUP(x.1,0.5.4.10) 02 -
—5 - ot
238077, | e o~
o 2 3 4
A1 b4 3.9,

Fig. 1. The Poisson limit theorem in relation with the cumulative distribution functions of the Max Weibull
- Uniform Binomial distributions (cdfMaxWUB(x,k, v, N, p), X > 0) and the Max Weibull - Uniform

Poisson (cdfMaxWUP(x, A, v,d,a), X > 0) , where G(x,m) = U(x, ) = % ,0>0m=0
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0.08

|'J 1\
pdfMaxWUB| t.1.1.100.40.— |

\ 4/
pdfMaxWUP(t,1.1,100,10)
L B

{41 17 0.06
pdfMaxWUB| t.—.—.100.40.— |

L e2 4)

[ 41 )
pdfMaxWUP| t,—,—, 100,10 |

L9 2 J

{3 1\\
pdfMaxWUB| t,3/3,=. 100.40. 0.04

b, < s

Il 3 3 M
pdﬂ\-iax\‘r'UPL t .\j-‘4.5 .100, 10}.
.

i 1
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Fig. 2. The Poisson limit theorem in relation with the probability density function of the Max Weibull-
Uniform Binomial distributions ( pdfMaxWUB(t,l, v, N, p), t > 0) and the Max Weibull-Uniform

Cumulative distribution function

Poisson ( pdfMaxWUP(t, %, v,d,a), t > 0) , where G(t,q) = U(t, ) = é ,0>0,n=0
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Fig. 3. The Poisson limit theorem in relation with the cumulative distribution functions edf of the Max
Weibull - Weibull Binomial distributions (cdfMaxWWB(z,A,v,a,b,n,p), z>0) and the Max Weibull -
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Weibull Poisson cdfMaxWWP(z,A,v,a,b,a), z >0, where

G(z,1m) = Weibull(z,a,b) =1 exp{— (zj } a,b>0,n=(a,b)
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Fig. 4. The Poisson limit theorem in relation with the probability density functionpdf of the Max Weibull -
Weibull Binomial distributions pdfMaXWWB(y, A,0,8,b,n, p), y >0 and the Max Weibull - Weibull

Poisson pdfMaxWWP(y, Av0,a,b, oc), y >0, where

G(y,n)EWeibuII(y,a,b):l—expl:—(;/j } a,b>0,n=(a,b)

6 Conclusion

In this study, a new class of power series distributions called Max Weibull-G has been analyzed. If the lifetime
(YY) of a system has a Max Weibull-G (Uwg) power series distribution, then the chance for a component with the

maximum lifetime Y to degrade at time t is Uy (t, 4,0,1) /(1-Uyg (t, 4,0,1)) . Thus, the moment when

a system enters the state of degradation can be determined if we know the distribution of the maximum lifetime
from all the other lifetimes that characterize the system.

The Poisson Limit Theorem has been formulated for situations when the random variables number of sum is a
zero truncated binomial distribution and limit distribution the Poisson type distribution. The theorems are shown
under the graphical representation in Figures 1, 2, 3 and 4.

The validation of the Max Weibull-G power series distributions through the EM algorithm is a new research
direction.

Competing Interests
Author has declared that no competing interests exist.

27



Munteanu; AJPAS, 15(1): 15-29, 2021; Article no.AJPAS.69851

References

[1] Tahir MH, Zubair M, Mansoor M, Cordeioro GM, Alizadeh M, Hamedani G. A new Weibull-G family
of distributions, Journal of Mathematics and Statistics. 2016;45(2):629-647.

[2] Eugene N, Lee C, Famoye F. Beta-normal distribution and its applications, Communications in
Statistics—Theory and Methods. 2002;31:497-512.

[3] Cordeiro GM, de Castro M. A new family of generalized distributions”, Journal of Statistical
Computation and Simulation. 2011;81:883-893.

[4] Alexander C, Cordeiro GM, Ortega EMM, Sarabia JM. Generalized betagenerated distributions,
Computational Statistics and Data Analysis. 2012;56:1880-1897.

[5] Zografos KN, Balakrishnan. On families of beta - and generalized gamma-generated distributions and
associated inference, Statistical Methodology. 2009;6:344-362.

[6] Amini M, Mir Mostafaee SMTK, Ahmadi J. Log-gamma-generated families of distributions, Statistics.
2014;48:913-932.

[7] Risti"c MM, Balakrishnan N. The gamma-exponentiated exponential distribution, Journal of Statistical
Computation and Simulation. 2012;82:1191-1206.

[8] Cordeiro GM, Ortega EMM, da Cunha DCC. The exponentiated generalized class of distributions”,
Journal of Data Science. 2013;11:1-27.

[9] Alzaatreh A, Lee C, Famoye F. A new method for generating families of continuous distributions,
Metron. 2013;71:63-79.

[10] Alzaghal A, Famoye F, Lee C. Exponentiated T-X family of distributions with some applications,
International Journal of Probability and Statistics. 2013;2:31-49.

[11] Bourguigno M, Silva BR, Cordeiro MG. The Weibull-G family of probability distributions”, Journal of
Data Science. 2014;12:53-68.

[12] Cordeiro GM, Alizadeh M, Ortega EMM. The exponentiated half-logistic family of distributions:
Properties and applications, Journal of Probability and Statistics Article ID 864396; 2014.

[13] Aljarrah MA, Lee C, Famoye F. On generating T-X family of distributions using quantile functions,
Journal of Statistical Distributions and Applications. 2014;1(2).

[14] Alzaatreh A, Lee C, Famoye F. T-normal family of distributions: A new approach to generalize the
normal distribution, Journal of Statistical Distributions and Applications. 2014;1(16).

[15] Cordeiro GM, Ortega EMM, Popovi'’c BV, Pescim RR. The Lomax generator of distributions:
Properties, minification process and regression model, Applied Mathematics and Computation.
2014;247:465-486.

[16] Tahir MH, Cordeiro GM, Alzaatreh A, Mansoor M, Zubair M. The LogisticX family of distributions and
its applications, Communications in Statistics—Theory and Methods. 2015;45(24):7326-7349.

[17] Alizadeh M, Emadi M, Doostparast M, Cordeiro GM, Ortega EMM, Pescim RR. A new family of

distributions: the Kumaraswamy odd log-logistic, properties and applications, Hacettepa Journal of
Mathematics and Statistics. 2015;44:1491-1512.

28



Munteanu; AJPAS, 15(1): 15-29, 2021; Article no.AJPAS.69851

[18] Gurvich MR, DiBenedetto AT, Ranade SV. A new statistical distribution for characterizing the random
strength of brittle materials, Journal of Materials Science. 1997;32:2559-2564.

[19] Johnson NL, Kemp AW, Kotz S. Univariate Discrete Distribution, New Jersey; 2005.

[20] Leahu A, Gh B, Munteanu, Cataranciuc S. On the lifetime as the maximum or minimum of the sample
with power series distributed size, Romai J. 2013;9(2):119-128.

© 2021 Munteanu; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

Peer-review history:

The peer review history for this paper can be accessed here (Please copy paste the total link in your
browser address bar)

https://www.sdiarticle4.com/review-history/69851

29


http://creativecommons.org/licenses/by/3.0

