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Abstract

Raising a cumulative distribution function (cdf) or survival function to a power is a method of generalizing
a distribution, known as exponentiated distribution. Omukami et al. [1] summarized various generalizations
of the logistic distribution. This work constructs the generalized exponentiated distributions for the logistic
distribution using a beta generated distribution. Specifically, we introduce two new distributions: the
Generalized Exponentiated Logistic Type I and Type II. The cdf and pdf of the standard logistic are shown as
special cases of these exponentiated distributions. Additionally, we express these exponentiated distributions
in terms of the Laplace transform. We derive the Laplace transform for the Generalized Inverse Gaussian
(GIG),Inverse Gaussian (IG), and Gamma distributions, demonstrating that the reciprocal Inverse Gaussian is
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a special case of the GIG when \ = % We also explore the behavior of the shapes of these new distributions
with varying parameter values, highlighting their flexibility and applicability in modeling statistical data.
Generalizing makes the logistic distribution flexible and tractable to be used in analysis of quantal response
data and probit analysis. Since the generalized distributions have a wide range of skewness and kurtosis, they

can be easily applied in studying robustness tests.

Keywords: Cumulative distribution function; generalized exponentiated logistic; laplace transform.
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1 Introduction

Adding one or more parameters to a probability distribution is called generalization. The purpose of generalization
is to make a distribution more flexible and tractable. It is well known, in general, that a generalized model is
more flexible than the ordinary model and it is preferred by many data analysts in analyzing statistical data [2].
Mahdavi and Kundu [3] proposed a new method of introducing an extra parameter to a family of distributions
for more flexibility. Nassar and Elmasry [4] discusses various generalizations of the logistic distribution. One
method of generalizing a distribution is to raise a cumulative distribution function (edf) or a survival function to
a power. The raised function is said to be exponentiated. Gupta and Kundu [5] introduced a skewness parameter
in generalization of logistic so that the generalized distribution can be used to model data exhibiting a unimodal
density function. Mudholkar et al. [6] introduced the Exponentiated Weibull (EW) distribution that allowed for
a non-monotone hazard rate. Gupta and Kundu [7] studied exponentiated exponential (EE) distribution which
they named Generalized Exponential distribution. Oluyede et al. [8] summarizes 8 well known generators for
distributions. The generalized distributions nest various sub-families of distributions.

The concept of EXPONENTIATION was applied by [9] when solving a differentiation equation in cdf. The
cdf's obtained were raised to powers. Out of the 12 cdfs obtained, 9 were raised to powers. The three cdfs not
raised to powers and the other raised ones are known as Burr I, Burr II, Burr IIT up-to Burr XII.

Exponentiated distributions can be obtained as special cases of a beta generated distribution introduced by [10].
[11] investigated the shapes of density and hazard rate functions for the exponentiated half logistic family of
distributions. Lagos et al. [12] applied the type I generalized logistic distribution to engineering data using the
Bayesian approach. Almalki and Yuan [13] modified the Weibull distribution and showed that it’s flexibility
increased with increase in number of parameters. Agu and Onwukwe [14] modified the Laplace distribution
using the exponentiation approach.

The objective of this study is to: derive generalized exponentiated logistic distributions from the beta generator
and show explicitly the Laplace transform of the exponentiated standard logistic, generalized inverse Gaussian,
inverse Gaussian and Gamma distributions respectively.

The paper is organized as follows; Section two shows how an exponentiated distribution is deduced from a beta
generated distribution and applied to the logistic distribution. Section three shows how an exponentiated mixture
is expressed in terms of Laplace transform of a mixing distributions. In section four the Laplace transforms of the

generalized inverse Gaussian, inverse Gaussian and Gamma distributions are derived. The concluding remarks
are in section five.

2 Generalized Exponentiated Distributions

The derivation of Exponentiated generalized logistic distributions follows;
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Let the cdf and probability density function (pdf) of the logistic distribution be defined as:

—x

e
= — 2.1
S(z) = 00 <& < 00 (2.1)
e—z
s(gc):m, —o0 <z <o (2.2)

Eugene et al. [10] considered a cdf of the classical beta distribution as;

_ T w’kl(l _ w)bfl
T[S ()] _/0 S TR R (2.3)

Since 0 <z <1, [10] replaced it by a cdf S(x). Thus we have;

S(@) 1011 — )b~ !
Vi) =Ti8@) = [ T —dw 0 <a < (2.4

Using equation (2.4), put b=1in (2.3) we obtain;

S(z) a |S(z)
Vi(z) :/ aw® ldw =2
0 a o

~[S(2))° (2.5)

Differentiating (2.5) we obtain;

n(z) = s(m)a(S(m))a_l, 050, —o0<z< o0 (2.6)

when values of the parameter a are varied Equations (2.5)and (2.6) are exponentiated generators. They can
be used to generate new distributions with S(x) as the parent cdf. Substituting equations (2.1) and (2.2) in
equations (2.5) and (2.6) we obtain;

V1(ac)=(1+e_w> ,a>0, —oo<z<oo (2.7)

ae " (14+e™ ")
(14e=)3 7

v (z) =

a>0, —oo<z<o0 (2.8)

which is the GENERALIZED EXPONENTIATED TYPE I LOGISTIC distribution. When a = 1 in
(2.7) and (2.8) we obtain (2.1) and (2.2) as special cases. Using (2.3), when a = 1, we obtain;

Va(z) = /OS(I) b(1 — w)* ™ dw (2.9)

Put

Therefore, we proceed as follows:
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=Y
1-S(x)
=1-[1-S()" (2.10)
1 - Va(z) =[1 - (2))"
b—1
va(x) :b<1 — S(:U)> s(x) (2.11)

Using the (2.1) and (2.2) in (2.10) and (2.11), we obtain the Generalized Exponentiated Type II Logistic
as shown below;

—z b
befacb
va () :W, b>0,—co<z<o0 (2.13)

Johnson et al. [15] called (2.12) the Generalized logistic type I. Omukami [16] in his Phd thesis summarized
five different methods of constructing the Generalized logistic type I.

When b =1 in (2.12) , (2.1) is obtained as a special case.

2.1 Graph of the exponentiated generator

When varying parameters of a and b are plotted against the density, the graph of the exponentiated generator
as shown in equation (2.6) is monotonically increasing resulting in a j- shape as shown Fig. 1.
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a=3 b=1
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Fig. 1. Exponentiated generator
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2.2 Graph of the cdf of the standard logistic distribution

When varying parameters of a and b from equation (2.7) are plotted against the cdf, the graph of the cdf of
standard logistic distribution is almost symmetrical with sharp peak indicating a higher concentration of data
values hence the data is leptokurtic as shown in Fig. 2.
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Fig. 2. cdf of standard logistic distribution

2.3 Graph of the pdf of the standard logistic distribution

When a = 1 from equation (2.8) is plotted against the density, the graph of the pdf of standard logistic
distribution is symmetrical as expected and is shown in Fig. 3.

o
=

o
=

Probability density function
2 B
= ™

o
=1
&

o
3

o
B
&
]
)
L
~
@

X

Fig. 3. pdf of standard logistic distribution
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3 Laplace Transform of Exponentiated Distributions

Let G(z) be a cdf of a random variable X. It’s power is denoted by [G(z)]? where  is varying parameter. Then
a continuous mixture of the raised cdf is given by;

F) = [ (6@ a0)as (3.1)

where g(f) is a continuous mixing distribution. Equation (3.1) can be expressed as a Laplace transform of a
mixing distribution as shown below;

F(z) = / ~ [G(x)]’g(0)do (3.2)

exp(In[G(z)]?)g(0)do

]

exp(01n(G(x)))g(0)do

8

Il
hho\;

exp[—(—0In(G(x)))]g(0)do

/ ~In(GE@] g (9)dg

0
/°° 0= 1n(G®) g 9 g
0
E[e—e( lnG(ac))]
=Lo[— InG(z)] (3.3)

8

which is the Laplace transform of the mixing random variable 6 evaluated at — In(G(z)). Substituting (2.1) in
(3.3) we obtain;

F(z) = Lo[ln(1 + ™)) (3.4)

which is the Laplace transform of the logistic with the mixing random variable 6.

4 Laplace Transform of The Generalized Inverse Gaussian, Inverse
Gaussian and Gamma Distributions

We now wish to consider Laplace transform of generalized inverse Gaussian distribution and Gamma distribution.

4.1 Generalized inverse gaussian distribution

Generalized inverse Gaussian distribution (GIG) distribution is based on modified Bessel function of the third
kind with index A evaluated at w denoted by K (w) and defined as;

1 [ a1 w1
Kiy(w) = 5/ e G gy (4.1)
0
For —co < A < oo and w >0 [17] used the following parametrization
i
w= = 4.2
5 (4.2)
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Therefore,
K (5) = %/000 Pl B gy (4.3)
And the transformation
z= % (4.4)
Substituting(4.4) in (4.3) we obtain;
K =g [ ()2 e B (45)

oo 2
= 1/ (l))‘ A1 (B D g, (4.6)
2Jo p
Therefore,
i)kzkfle*%%“};%)
® (4.7)

=
1—/0 Fr(5) dz

Thus the pdf of the Generalized Inverse Gaussian distribution according to [17] and transform is given by;

(l)xzxqef%(%Jr%%)

m

= 4.
9(2) 2K (5) (48)

Forz>0; —oco<A<A, p>0, >0

Substituting (4.5) for the denominator in (4.8) we obtain;

(i)kzk—le—%(/%-F%%)
g(z) = - (4.9)
[ (Ayrar-te 3(5HF 2,
i
¢ )
_ (4.10)

_lizyp?1
fooo 2A—1e 2([3+ B z>dz
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The Laplace transform of GIG distribution is given bys;
L.(s) =E(e™ %)

= / e **g(z)dz
0

2
foo 675Z(1)AZA7167%<F+%%)d2

0 M
2K (5)

2
LAl 3@t st g g,
I

K (%)

2
1 oo I\A a1 —S((285EL) )4 a1
7-]‘0 (;) A e 2 B B 2z

Ka(5)

1 [% aoq —id2ps(y _w® g1
= — z e 28 1+2B8s’ 2 dz
Kx(5)2 /0
Let L u
VIt 205 T Tt 28s
Therefore,
Lz(s) :(H_I)A 5
Kx(5)\v1+28s) 2

which is the Laplace transform of the GIG.

4.2 Laplace transform of the inverse gaussian distribution

The Laplace transform of inverse Gaussian distribution is obtained by putting

1
A= 73
Therefore,
1 -1 1
2 K_1(pB™ (14 2Bs)2)
L.(s) = \/l—i—QBs) 2
(®) ( K_1(uB™1)
Therefore,

1 1

2 2 _
VI+28s — | e (1+2Bs)2
2uB—1(1+28s)2

(mZﬁll ) K

L.(s)=

(4.11)

(4.12)

(4.13)

(4.14)

(4.15)

(4.16)

(4.17)
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Therefore,

L.(s) :eu6717u671(1+268)%
—eh [17\/1+2/35]

_ 4 [viFe-] (4.18)

4.3 Laplace transform of gamma distribution

Using equation (4.15)i.e. the Laplace transform of GIG, we have

A _1 1
I” (1) Alem 2t ),
I

A -
fO"O (l) A=l 28y
"
_(1+28s)
foo Z/\716 28
0
=
I3 2 tem 7 dz

oy (ﬂ)

a (M)* T'(\)

L.(s) = (4.19)

dz

28

1 A
- ( 1+ 253)
1 A
- ( - jﬁi ) (4.20)
2B

which is the Laplace transform of a gamma distribution with parameters A and %

4.4 Laplace transform of the inverse gaussian

The Laplace transform of reciprocal inverse Gaussian distribution is obtained by putting A = 1 in equation

2
(4.15) as follows;

Ky (nB7'(1+285)%)
Ky -1

(4.21)

N=

2B~ 1(V1+28s)

(H;—l )ée—uﬂ_l

1
[ T ]2 e~ HBTVIF2Bs

(VIT255)"

1 1B VIFEFs-1]

V1+28s

1 2 —pB~ (V14+2B8s-1)
= — 4.22
<1+2Bs) ¢ (4.22)

o=

65



Omukami and Mwende et al.; J. Adv. Math. Com. Sci., vol. 39, no. 8, pp.57-67, 2024; Article no. JAMCS.120970

Thus the Laplace transform of reciprocal inverse Gaussian distribution is the product of a Laplace transform of

a gamma distribution with parameters % and % and the Laplace transform of inverse Gaussian distribution.

5 Conclusion

In this work, we explicitly derived the generalized Exponentiated logistic type I and II distributions. We also
showed how the logistic distribution can be obtained as a special case from the generalized distribution. If
the cdf of a distribution is known, it’s exponentiated distributions can be obtained. The generalized logistic
type I of Johnson 1995 has been derived and shown as the Exponentiated logistic type II. The graphs of the
exponentiated generators are symmetrical and have a sharp peak Further work can be done on generalizations
by control the location and scale parameters. The generalized distributions obtained can also be applied to data.

We have also shown that, the Laplace transform of reciprocal inverse Gaussian distribution is the product of
a Laplace transform of a gamma distribution with parameters % and % and the Laplace transform of inverse
Gaussian distribution. Therefore the generalized inverse Gaussian distribution nests other distributions which
are obtained as special cases.
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