Journal of Interdisciplinary Mathematics
ISSN: 0972-0502 (Print), ISSN: 2169-012X (Online)
Vol. 26 (2023), No. 4, pp. 595-600

DOI : 10.47974/]IM-1464

Multi-double truncated continuous distribution

Kawther F. Al-Hasan *

Kareema Abad Al-Kadim '
Department of Mathematics

College of Education for Pure Sciences
Babylon University

Babil

Iraq

Abstract

Our life contains many scientific, health, and social problems, which are complex and
difficult for easy modeling. Therefore, most researchers resorted to studying distributions
in different forms to be able to represent these problems, and from these new forms of
distributions are called truncated distributions. This paper, suggests a new formula to
find the multiple truncations for one or more intervals to a double truncated continuous
distribution. Some statistical properties of multi-double truncated are introduced. Weibull
distribution is applied for two intervals on the double truncation and introduced some of its
statistical properties.
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1. Introduction

Statistical analysis is very important to many fields, including but not
limited to prediction and inferences about phenomena in the real world. Several
classical probability distributions have been widely used over the past decades
for modeling data in various areas. Recently, authors have been attentive to
introducing a new probability model adding an extra parameter or two to the
classical distributions, which are found to be more flexible in modeling data.
Truncation is considered a statistical phenomenon that has been shown to occur
in a wide range of applications, including survival analysis, epidemiology, and
economics. In addition, a truncation method is an important approach to deleting
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intervals from a domain of the random variable which contains incomplete data.
Galton (1897) who is the first to use analyzed truncated samples corresponding
to the speeds of American trotting horses[1]. Reyah and Kareema the truncated
Rayleigh Pareto distribution have been studied in 2020[2]. In (2018), Mohamed
et. al.[3] introduced a continuous distribution within [0,1] represented by the
truncated Fréchet -Pareto distribution. While (2020) (Mohammed et. al.)[4] a
new family of upper truncated distributions. Mohie study on mid-truncated [5].
Zaninetti, presented in 2014, truncated on Pareto[6]. Kawther et. al.)[7], in
(2022) study on estimation of one-double Rayleigh and Weibull truncated by
considering real data of the infected with COVID-19 in the city of Babylon-Iraq.
Data was collected for the period of their infection with the virus until their
death at the interval (1/10/2020-30/12/2020). The subject of the research is very
useful for representing natural phenomena, which cannot be followed up with all
intervals of their growth or development. Therefore we studied the general
formula that represents multiple cuts. We introduced a new formula to multi-
double intervals truncated from the original distribution and applied on the two-
double weibull truncated distribution.

2. Construction of Multi-Double Truncated for Continuous Distribution
Let X be a random variable that has the probability density function,fy (X),

over (—oo,00), and the cumulative distribution function Fy(X). such that x
€ (a;,by)V(ay, b)) U ....... U (a,,b,). In this section, we derived the
probability density function of the random variable X, after multiple double
truncations, g( X;) the observations of X; to (a;, b;). truncation, that is:
deleting some values of the domain of the random variable.

Let (ay,b,) = (—,b) U (a, by) U ... .. U (a,,), then the probability
density function of a multi-double truncated continuous distribution is:

_1(_ fe) for) .4 TG
8n(Xr) = n (]F(bl)—]F(al) + F(bz)-F(az) o IF(bn)‘[F(an))

— {l n f(xT)
n <=1 F(b)-F(a;)

when a; <xp < b; (1)

Since that £( X7) is a probability density function over (—o0,0) , —00 <
xy < oo, n,F(b;) —F(a;) >0, then g,(X;) >0 for allx; € (—o0,0).And
f_moo g,(Xr) dxr =1. And the cumulative distribution of multi-double-
truncated is:

_ _n FOer) =Xy F(aj)+3]- F(bj1)

Ga(Xp)= P(X < 0)=31, (OOl @)

2.1 Other Characteristics of the Multi-Double Truncated Distribution

. . _ 4 1o (FOD-Xjo; F(a)+Zjos F(bj-1)

The survival function S, (Xr)=1 —i=1 ( Fop—F(ap) 3)
R (c.0)
n&i=1E(p ) —F(a,

Hazard function H,,( X;) = Bn(X1) _ F(by)-Fap 4)

Sn(Xr) 4 n (]F(XT)_Z?=1]F(‘1})+E?=1 F(bj-1)
1= qdi=1 F(b;)-F(a;)
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1¢n f(x)

R = x) n4i=1F(b;)-F(a;)
R hazard function I, (X) = 222 = P A% 5
everse hazard function n( ) Gn(X) o IF(XT)—E}LlIF(aj)+Z?=1IF(bj_1) Q)
n&i=1 F(by)-F(a))

The '™ moment about zero is;
b b
[ xTE(xr) doxr fazz x"f(xT) dx

1 b; 1[Ja
E(X;") = =1 fai x" 8 (xr) dxr =_( -

n F(by)-F(ay) F(bz)—-F(az)
f:: e der) 1 b;"F(b;)— a;"F(a;)-r f,fii x" F(xr) dxr
F(bp)-F(an) | i=1 F(b;)-F(a;)
The r'™ moment about the mean is;
E(Xp = )" = [ (Xp = 1)@ rr) doer=3_o(— 1" (7) (W~ 1 dity

. . b Fb)- (@) Fap—j [Pier) Fer) dap
=Y (=1 (" r—jyn i
Z]=0( 1) (}) (:u) Zl:l ( n(]F(bi)—]F(ai)) ) (7)

(6)

n

2.2 Order Statistics, Moment Generating, and Characteristic Functions for
Multi-Double Truncated
Let Xr,, Xr,,.., X1, be the independent and identical distribution of
random samples with a probability of density function and cumulative
distribution function. Then XT[l] S Xppy s s XT[ mp be the order statistic,
where Xjj) are the X arranged in order of increasing magnitude. If the random

variable Xt has multi- double truncated probability function as equation (1),
then

G (Xg) = m! n _ f&X7) (l n lF(xT)—Z}LlF(aj)+zl§1=1]};(bj_1))j—1
Enil AT = S XL Rl -Fap \n 1=t OREen
| Ly FODN F) 2 Flbya)) ™ ®)
n 1=t F(b))~F(ay)
—yn _ miGr) (., len F(xr)-Xjq F(ay)+XjL, lF(b]-_l))m_J
gn[l](XT) I TGO (1 n <=1 F(bj)—F(aj) )
The moment generating and characteristics functions are:
b;
Mo (®) = [ 557 gy () ditr
—1yn e Vit F(bp-— et F(ai)—tf;)iietXT F(xT) dxT
=i F(bp—Fa)
® _1on o bt ]I-‘(b]')_cbélj'c [F(aj)—tf:jj ®(x1) F(x) dxT 0
() = ;Zizl F(bj)-F(a;j) (10)

3. Two-Double Truncated Weibull Distribution
Weibull distribution is one of the most essential distributions because it is
usually used in reliability theory, such as in manufacturing and electrical
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engineering, in the study distribution of lifetime[8]. The probability and
cumulative functions of Weibull distribution are:

X X

FOX) = % o1 o) Lo eoy(x), F(X) = 1— e‘(z)a, x>0 8,0>0(12)

3.1 Two Double Truncated Probability Function of Weibull distribution

The probability function of two intervals truncation of Weibull
distribution double type truncated is;

%xTJ—l e_(%)s %XT(S—I e—()%)a %ng_l - ,%)6
8s(xr) =7 + + (13)
o ((—)(—)) ((—)(—)) ((—)(—))

—0 < xp < by, a, <xp < by, a; < xp < oo, respectively.

(a) That is, the intervals (by,a;), (by, as), are deleted from the original
interval for distribution. Two intervals (b;, a,) = (2,2.5 ) and (3, 4), (5, 5.5)
respectively, are truncated for different values of parameters &,w, when
drawing the curves of PDF, which are presented in Figure 1 and Figure 2.

two interval truncated two interval truncated

N\

POF truncated

Figure 1 Figure 2
Two intervals truncated of PDF Two intervals truncated of PDF
Weibull Weibull

3.2 Two Double Truncated Distribution Function of Weibull distribution

The cumulative distribution function for two intervals truncation of

Weibull distribution double type truncated is;
8 8
() (@)
Gs(xr) = ;| —F—5 |+

3 PN b 3 a8 b
() ) _(3)

a8 x1\O a1\ b1\8 az\d b
1 e_(al) —e_(UT) +e_(az) —e_(Ul) +e_(33) —e_(ﬁz)
+3 — s (14)

) _(B)

The cumulative function for two double truncated Weibull distribution for
different values of the parameter is shown in Figure 3. Such that (a;,b;) =

(0,5) (a,by) =(10,15), (ag, bs) = (20,25).
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3.3 Survival Function of Two Double Truncated Weibull Distribution
Ss(x1) =

() et o )

2

Ja® _pm _@® 01 g8 b
_ e(m) —e (m) +e (m) _ae E;(D) +e (u)) —e (m) (15)
3({(33))

We note in this section, that two intervals from the original survival
function of the Weibull distribution were deleted. The two deleted intervals are
(1,5), and (7,9) as shown in Figure 4.

two interval truncated two interval truncated

DF truncaled

10 15
X-axis

Figure 3 Figure 4
CDF Two double truncated Weibull = Two intervals truncated of survival
Weibull

4. Conclusion

When studying many phenomena, some data was unclear, lost during the
study, or deleted under certain circumstances for different intervals. In this case,
we need to find a model to describe this problem. The subject of truncation is
beneficial for representing natural phenomena, which cannot be followed up
with all intervals of their growth or development, or that data cut off. Therefore
this paper studies a formula to find the multiple deletions that describe multiple
cuts. The probability function and cumulative function for multiple truncations,
of type double truncated, have been constructed, and some of its statistical
properties. Double truncated Weibull distribution with two intervals has been
utilized and it is statistical properties.
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