(, IJARSCT ISSN (Online) 2581-9429

xx International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)
IJ ARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal
Impact Factor: 7.53 Volume 4, Issue 1, February 2024

On Tailed Generalized Geometric Linnik
Distributions

Mariamma Antony
Associate Professor, Department of Statistics
Little Flower College, Guruvayoor, Kerala, India
mariammaantony@rediffmail.com

Abstract: Tailed distributions have found applications in various fields. In this paper, we study tailed
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distribution is established. Tailed generalized geometric asymmetric Linnik distribution is introduced and
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1. INTRODUCTION
Tailed distributions have found applications in various fields and were studied by many authors (see, [2],[6] and
[7]).We encounter tailed distributions in life testing experiments where an item fails instantaneously. In clinical trials,
some times a medicine has no response initially with a certain probability and on a later stage there may be response,
the length of the response is described by certain probability distribution.

DEFINITION 1.1

Let the random variable X has distribution function F(x) and characteristic function @y (#). A tailed random variable
U with tail probability O associated with X is defined by the characteristic function

gy () =0+(1-0)px (1) (1)
[1]proved that the function

¢(t)=;,0<a£2,/1>0 (1.2)

1+ Al*

is the characteristic function of a probability distribution. The distribution corresponding to the characteristic function
(1.2) is called Linnik (or o - Laplace) distribution. A random variable X with characteristic function ¢ in (1.2) is
denoted by X iL (a, ﬂ,). Note that the L (a, /1) distributions are symmetric and for @ = 2, it becomes the classical

symmetric Laplace distribution.
[8]introduced a generalization of the Linnik distribution (1.2), namely semi o -Laplace distribution. A random variable

X on R has semi o -Laplace distribution if its characteristic function ¢(t) is of the form

1
o) = ———— (1.3)
1+]¢* (%)
where O(t) satisfies the functional equation
1
o) = 5(p4t),0<p<1,0<a32. (1.4)
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DEFINITION 1.2
A random variable X on R is said to have geometric Linnik distribution and write X d GL(ct,A)if its characteristic
function ¢(t)is
1
#() = ———————,1eR,0<a<2,1>0. (1.5)
1+In(1+ A1)

DEFINITION 1.3
A random variable X on R has the generalized Linnik distribution and write X d GeL(a, A, p) if it has the

characteristic function

t)—;,p>0,i>0,0<aé2. (1.6)

eI

DEFINITION 1.4
A random variable X on R is said to have generalized asymmetric Linnik distribution if its characteristic function is
T

p(t) = : ,—0o< <0, A,7>20,0<a<2. (1.7)

1+ 4 |t|a —iut
We shall denote it by GeAL(a, AL, T).

Type I and typell generalized geometric Linnik distributions are are studied in [3] and [4].Generalized geometric
asymmetric Linnik distribution is introduced and its properties are discussed in [5].

DEFINITION 1.5
A random variable X on R is said to have type I generalized geometric Linnik distribution and write

X d GeGLi(a, A, p) if it has the characteristic function

t)= ! ,0<a<2,p>0,4>0. (1.8)

B 1+p1n(1+/1|t|a)

DEFINITION 1.6
A random variable X with characteristic function

w(t) = 1 ,—0< <0, 1,720,0<a <2 (1.9)

1+ 7In(l+ A" —ipt)

is called Type I generalized geometric asymmetric Linnik distribution with parameters [, G, Ol, T .We represent it as

X d GeGALy (a, A, u,7).

DEFINITION 1.7
A random variable X on R has type II generalized geometric Linnik distribution and write X d Ge GL, (a, A, 7), if

it has the characteristic function
T

b= — L1 | teRO0<a<2, 4,70

1+ In(1+ Alf|)
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Note that when 7 =1, type II generalized geometric Linnik distribution reduces to geometric Linnik distribution.

In Section 2, we introduce tailed distributions associated with type I generalized geometric Linnik distribution and
study its properties. Tailed Type II generalized geometric Linnik distribution is also discussed in this Section. Tailed
type I generalized geometric asymmetric Linnik distribution is studied in Section 3.

II. TAILED GENERALIZED GEOMETRIC LINNIK DISTRIBUTIONS
Now we introduce tailed Type I generalized geometric Linnik distribution and obtain a representation of the same.

In(1.1), when  Ox(t) = ! , then
1+ rln[l +7»|t|aj
1+ 20tn(1+ 2"

dy (1) =

. 1)
L en(1+ 2]

The random variable U with characteristic function (2.1) is called tailed Type I generalized geometric Linnik and
denoted by TGeGL,; (a, A7, 9)

THEOREM 2.1
Let X and Y be independent random variables such that X has tailed generalized geometric exponential distribution
. 1 . , - . Mg
with Laplace transform @+(1—f)——————— and Y is stable with characteristic function € ,
1+ 7In(1+9)

1
0<x<2,1,6,1>0,0<6<1. Then Z= XYY has TGeGLy (a, A,7,0) distribution.
PROOF

1
(I)Z (t)=E eitX%xY

=T¢Y (tx%z)dF(x)
0

o a
= [ var x)
0

1

—0+(1-6)
1+rln(1+ﬁ|t|a)

1+ z0tn (1421

B 1+rln(1+}t|t|a)

This completes the proof.
Now we consider the type II generalized geometric Linnik distribution and study the tailed distribution generated by it.
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DEFINITION 2.1
A random variable X is said to have tailed type II generalized geometric Linnik distribution and write

X i TGeGL, (05, A,7T, 9) distribution if it has the characteristic function
o\ T
9[1+ln(1+/1|t| )} +(1-0)

[1+1n(1+ﬂ|t|a )T

The tailed type II generalized geometric Linnik distribution being the tailed form of type II generalized geometric
Linnik is infinitely divisible.

Py (1) =

,0<a<2,0<60<1,A,7>0.

As in the case of TGeGL; distribution, we now obtain a representation of 7GeGL, random variables in terms of

tailed geometric gamma and stable random variables.

DEFINITION 2.2
A random variable X is said to have tailed geometric gamma distribution if it has Laplace transform
1
9(0)=0+(1-0)——, 0,7>0,0<0<I.
T
[1 +In(1+6 )]
THEOREM 2.2
1
Let X and Y be independent random variables such that X has Laplace transform 0+ (1—0)———— and Y is
[1+1n(1+8)[f

. . . =l
stable with characteristic function e ‘ ‘

1
,0<a<2. Then U= XA‘Y has distribution 7GeGL, (0{,/1, T, 0).

Proof follows analogous to the proof of Theorem 2.1.

III. TAILED GENERALIZED GEOMETRIC ASYMMETRIC LINNIK DISTRIBUTION
Here we introduce and study tailed distributions generated by generalized geometric asymmetric Linnik distributions.

DEFINITION 3.1
A random variable U is said to have tailed type I generalized geometric asymmetric Linnik distribution and write

U dTGeGAL (a, A, U1,T, «9) if it has characteristic function

1+2'01n(1+/1|t|a —iyt)

1) - S
1+rln(1+/1|t| —iyt)

The type II generalized geometric asymmetric Linnik distribution can be defined using (1.1) with d)X (t) replaced by
1

s
[1 +ln(1 + A" —iyt)}
That is, a random variable U having tailed type II generalized geometric asymmetric Linnik distribution denoted by
TGeGAL, (a, A, u1,7,60 ) has characteristic function
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1
0+(1-6)

[1 + ln(l + A" - imﬂr
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