International Journal of Statistics and Applied Mathematics 2024; 9(1): 134-138

International Journal of

Statistics and Applied Mathematics

ISSN: 2456-1452

Maths 2024; 9(1): 134-138

© 2024 Stats & Maths
https://www.mathsjournal.com
Received: 19-12-2023
Accepted: 24-01-2024

Mariamma Antony

Associate Professor, Department
of Statistics, Little Flower
College, Guruvayoor, University
of Calicut Kerala, India

Corresponding Author:
Mariamma Antony

Associate Professor, Department
of Statistics, Little Flower
College, Guruvayoor,University
of Calicut,, Kerala, India

Time series models with tailed generalized geometric
Linnik distribution as marginals

Mariamma Antony

DOI: https://doi.org/10.22271/maths.2024.v9.i1b.1623

Abstract

Tailed distributions are found to be useful in the study of life testing experiments and clinical trials. Tailed
forms of type I and type Il generalized geometric Linnik distribution and their asymmetric forms are studied
in [, The usual technique of transferring data to use a Gaussian model fails in certain situations. Hence a
number of non-Gaussian autoregressive models have been introduced by various researchers. A first order
autoregressive model with tailed type | generalized geometric Linnik distribution is introduced in this
paper. It is shown that the process is not time reversible. The model is extended to higher order cases.
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1. Introduction
The study of non-Gaussian autoregressive models began with the pioneering work of 1. They
have considered a first order autoregressive (AR(1)) model with exponential marginal

distribution. The model is given by <0 =41

X X 0 W. p. Yo,
n=pPApn1t
__andfor N =12,... & W.p. (1-p) (1.1)

and W-p.. stands for with probability, O0=p=1gnq {¢n} is a sequence of independent
and identically distributed exponential random variables.

Type | generalized geometric LInnik and type 11 generalized geometric Linnik distributions are
studied in Bl Autoregressive models with Geometric Linnik marginal distribution were
developed in . The models developed can be used for modeling stock price returns, speech
waves etc, as an alternative to generalized Linnik laws and Pakes generalized Linnik laws.

Definition 1.1
A random variable X on R is said to have geometric Linnik distribution and write XdGL (o)
if its characteristic function d)(t) is
1
o) = —a,teR,0<aS2,/1>0.
1+In@+A[t") 1.2)
Definition 1.2

A random variable X on R is said to have type | generalized geometric Linnik distribution and

X d GeGly(a, 4, p)

write if it has the characteristic function.
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1
#)=— —,
1+ pIn@+Aft]") 0<a<2 p>0,1>0. (1.3)
Definition 1.3
A random variable X on R has type Il generalized geometric Linnik distribution and write X dGeGly(a,4,7), if it has the
characteristic function
T
1
#(0) = |
LeIn@+2[t") | teR0<a<2 4,7>0. w4

Note that when 7 =1, Type Il generalized geometric Linnik distribution reduces to geometric Linnik distribution.

2. Tailed forms of Type | and Type Il generalized geometric Linnik distribution

Tailed distributions have found applications in various fields and were studied by many authors (see, I, [ and ['l). Tailed
distributions are found to be useful in the study of life testing experiments and clinical trials. These distributions can be used data
which exhibit zeros, as in the case of stream flow data of rivers that are dry during part of the year. They are useful for modeling
life times of devices, which have some probability for damage immediately when it is put to use. We encounter tailed distributions
in life testing experiments where an item fails instantaneously. In clinical trials, sometimes 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 Tailed forms of type | and type Il generalized geometric Linnik distribution and their asymmetric forms are studied in
[

Definition 2.1

Let the random variable X has distribution function F(x) and characteristic function ¢X (®). A tailed random variable U with tail
probability 0 associated with X is defined by the characteristic function.

du () =0+(@1-0)gx (1) 2.1)

Definition 2.2

A random variable U is said to have tailed type | generalized geometric Linnik distribution TGEGLl(a'/LT’H) if it has the

characteristic function.

1+ r&ln(1+/‘t|t|“)
A (1) = o
L+ein(1+ 20
2.2)
Definition 2.3

A random variable X is said to have tailed type Il generalized geometric Linnik distribution and write X gTGeGLZ (a,ﬂ,, o 9)

distribution if it has the characteristic function.

9[1+ In(1+/1|t|a)T +(1-0)

. O0<a<2,0<0<1 A,7>0.
[1+In(1+/1|t|a )}
(2.3)

The tailed type Il generalized geometric Linnik distribution being the tailed form of type 11 generalized geometric Linnik is infinitely
divisible.

Py (1) =

3. Time series models with tailed generalized geometric Linnik distribution as marginals
Now we develop an AR(1) model with TGeGLygjstribution as marginal.
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Consider the model

X :{gn W. . p

Xn_1+én W.p. 1-p 3.1)

=InXng+ep

Where {gn } and {I n } are two independent sequences of independent and identically distributed random variables with I, Xq.1
and €N mutually independent such that P(I” - 0) =p=1- P(In =1)'

We have the model (3.1) in terms of characteristic functions is

#x, ()
p+(@A-p)ox (0

¢8n (t) =

In the stationary case

ox(®)
p+I-p)gx ()

If X has characteristic function (2.2), then

¢gn (t) =

14501+ 21

¢5n t)= a
1+ rcln(1+ﬂ.|t| ) c=p+(1-p)o.

, Where

70 70 1
¢gn(t)=—+[1——j -
c © 14 zcin(1+ 21

That is,

Hence, if the model (3.1) is stationary withTGeGLl(a’/i’T' 9)

0
fonl o TGeGLy (@, 4,7¢,%2).

marginal distribution, then the distribution of the innovation

sequence

d 0
« Xo=TGeGLy (. 4,7,0) _ {g,} TGeGLl(a,i,rc, C)

are independent and identically distributed as , then the

Xy O =] p+A=P)gx, 1) |4, ®

characteristic function of

1+19|n(1+ x|t|°‘j 1+19|n(1+ x|t|°‘j

~|p+a-p) .
1+ (1 ) 1+rc|n(1+x|t|°‘j

1+r@|n(1+/1|t|“)

B 1+r|n(1+/1|t|a) |

That is, X1dXo.
If Xn—lg XO’

d X
N =0 and hence the process {Xn } is stationary.
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Based on this, we now define stationary AR(1) tailed Type | generalized geometric Linnik process as follows.

. Xod TGeGLy (a,4,7,0)

and for N =12,..

&n W.p. P

X, =
" Xpi+ey wp.  1-p

e} TGeGLy (o, 2,7¢, %)
Where ™NJ js a sequence of independent and identically distributed ¢

c=p+@1-p)o.

random variables where
It can be shown that the process { n} is not time reversible. For this, consider the characteristic function.

¢Xn,X (tl,tZ) = E(eitlxn+itzxn+l

n+1

=¢ (tz)[ Péx (1) +1-p)dx (4 +t2):

1+re|n(1+x\t\°‘) 1+r9|n(1+/1|t1|a 1+76?In(1+/1|t1+t2|a)

= +(1-
1+1C In(1+ Mt\o‘) 1+7ln (1+/1|t2|“) 1+7ln (1+/1|t1 +t2|“)

This expression is not symmetric in B gng 2
Remark 3. 1

e} TGeGLl(a,/I,rC,ﬁ)
If ™nJ isasequence of independent and identically distributed

. . . TGeGLl(a, AT, 49)
asymptotically stationary with
Consider the ki order autoregressive process

,where € =P T (1-p)6 then (3.1) is

marginal distribution.

-

én W.p. p
Xn-1+én W.p. Pp
Xn Zixn_z +6‘n W.p. p2.

Xn—k *&n W.p. Py 32)

If the process {X n } is stationary, then in terms of characteristic function, (3.2) is
¢

— ¢x (1) 1-p= i, O<pi<l.
. (t)= , P=>. i p
“n ( ) p (l p)¢X (t) Where Z;_ I !

Thus a necessary and sufficient condition for the model (3.2) defines a stationary AR(K) process with TGeGL (a’ﬂ b 0)
TGeGLl(a,/l,rc,%).

marginal distribution is that {8n } is distributed as

4, Conclusion

In conclusion, this study delves into non-Gaussian autoregressive models, initiated by groundbreaking work . The exploration of
autoregressive models with geometric Linnik marginal distribution, including type | and type 11 generalized forms [, offers valuable
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insights. Tailed distributions, essential in life testing and clinical trials, find application in the examined models [, The developed
AR(1) model with tailed type | generalized geometric Linnik distribution as marginal presents a significant contribution. The
stationary nature of the model is established, emphasizing the importance of the characteristic function in determining stationarity.
The exploration extends to AR(k) processes, establishing necessary and sufficient conditions for stationarity in the context of the
generalized geometric Linnik distribution 71, Overall, these models provide alternative tools for modeling diverse phenomena,
such as stock price returns and speech waves, enhancing the repertoire of statistical methods.
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