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Abstract

In this paper, we discuss a new generated class of continuous distribution, named
Truncated [0,1] Half logistic- Truncated logistic distribution ([0,1] THL-TLD). Some of
properties of our distribution will be presented. Such as the r™ moment function, the
function of reliability, the function of hazard rate, the function of stress strength and the
function of Shannon entropy.

Keywords: Half logistic distribution, Truncated Logistic Distribution, the r'™ moment, the
function of Shannon entropy, stress& strength models, the function of reliability and hazard

function.
Introduction

Here, we proposed a distribution with the hope it will attract wider applicability in
other fields. "The generalization which is motivated by the work of Boshi °! M.A.(2019)".
"Will be our guide defined two ways to generate probability distributions by composition
some generalized distributions, which are generalized gamma distribution, exponentiated
Weibull distribution, generalized inverse Weibull distribution, and generalized Gompertz
distribution”. "In (2018) Abdulrazak ! introduced a new generated family named,

[0,1] truncated Fréchet-G generator of distributions based on replacing the Beta distribution
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in beta-G family”, " by( Eugene et al, (2002)) ! defined the beta normal (BN) distribution
by taking G(x) to be the cdf of the normal distribution and derived some of its first
moments"”. "General expressions for the moments of the BN distribution were derived
(Gupta and Nadarajah, 2004 B)". "An extensive review of scientific literature on this
subject is available in Abid and Hassan (2015) "

"The Half-logistic distribution ( H-L) is introduced and studied by de Kank et al,®® “A
random variable X has H-L distribution if the pdf and cdf. With two positive parameter

(u, o) given respectively by,

—(x=p)
2e O

TR , xzp a>0 1)
0<1+e o )

fOou,o)y_y =

and CDF of the distribution can be written as [,

—(x—p1)
1-e 91

FOouwo)y-1 = =g~ , xzp 0>0 (2)
1+e 91

Truncated[0,1] L-GD

This search, Generated new category of continuous distributions based on time
period[0,1] truncated cumulative distribution function L-G, named truncated [0,1] L-G

(symbolized by [ 0,1] TL-G distributions, have been discussed..

Suppose that G(x)and g(x) are any continuous and pdf of random variable x,
assume that L(.) and I(.) represents, the cdf and pdf of any continuous distribution on the
interval [0, o). The suggested general formula of cdf for this class depends composing L
with G is™,

L[G(x)]-L[0] 3)

FOIm-0 = ~riog

Now, let L[0] = 0 Then cdf in (3) can be rewritten as,

LIG()]
F(X)rp-¢ = = (4)
L[1]

And its associated pdf, f(x) % [F(x)] will be,

247



Al Kut Journal of Economics and Administrative Sciences /ISSN: 1999 -558X /ISSN Online 2707-4560/ Vol (14) Issue: 44-2022
(September)

_L[6)]gx)
f)r—¢ = O (5)

3. Truncated [0,1] Half Logistic- GD

We introduce here a new generated family of truncated [0,1] based on Half logistic (HLD)

Let L(.) and I(.) that mentioned in (4) and (5), be the cdf and pdf of (HL) distribution [”
recall (1) and (2) with tow positive parameters (u = 0, > 0).We have L(0)=0 So,

—GX) -1

1— g l-eo

LIG()] = —=5 , L[1] ===
1+e o 14e o

—-G(x)
o

And 1[G(x)] = a(fj—m)

Then according to (4) and (5), the cdf and associated pdf for new family of distribution
called [0,1] truncated HL- G ( named [0,1] THL- GD) will be,

—-G(x) -1
l1-e o ><1+e U)

F(x)THL—G = —-G(x) -1 , O > 0; X 2 O (6)
<1+e o )(1—(37)

and,

—-G(x) -1
2e o <1+e c )q(x)
[ rHL-6 = o0 ,0>0 x=20 )

o145 )2(1_;71)

Before addressing some cases belonging to this family, it should be noted that we need

to find the general expanded formula to F(x)ryi—¢ and f(x)rui—¢ Which is important for

obtaining the basic statistical properties when dealing with some cases.

By using the following Formula ™),
et = B Ul ®)

i!

the equation (6) can be rewritten as,
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1+e_71> (1 Zf°o( 1) - (6 )))
F(X)rh1-¢ = -1 [y : 9)
(1—e o ) (1+Zl‘?§0 = (6) )
And,
1\ —-G(x)
2| 1+e 7)6 a g(x)
fO)rHL-0 = EpT. (20)
(1 ea >o<1+eT>
<1+e U) —G(x) -2 —G(x)
(1+e 7 ) e o g(x)
iE
And by using the Formula [
(@+w) =32, a (11)

f(xX)rHL-¢ Can be rewritten as ,

-1
2 <1+e a ) -kGx) -Gx)

f(x)THL—G=mZIOCO=OCI:2€ s e o glx)

1+ed —(1+0)G ()

= Mzzzo CGe” o g()

<1_e%1)g

Accorded (8 ) f (x) rp1—¢ Will be,

[ rHL-¢ =

2(14+eo x X 1 i 1 K6 i
( )ZZ( ) (( +G) (x)) 9
(1 —eo ) O k=0i=

= << _1>>Zk 0 Xi= OTC‘Z o~ (1 + k)G ()] g (x) (12)
4. Truncated [0,1] Half Logistic- Truncated Logistic Distribution

Assume that (x) and g(x) , the Truncated logistic distribution with tow positive

parameter A and B, cdf and pdf as(®"
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A
<1+eﬁ> . .
G(x; A,B) = 2 [ —o—n Al (13)
eh 1+e B 1+ebB
A
<1+e?) —(9;;—1)
90 L,B) = ~— — (14)
& \ofw ) )

According to (9), the cdf of new distribution named truncated [0,1] Half logistic-
Truncated logistic (named [0,1] THL-TLD ) will be,

i
2
-1 _1i B
( 1) 1+
<1+e0> 1-32, ol | A @
el3<1+e B >
F(X)ryp-11L = i (49
2

o (-1)E 1+eP

-1
(1_”> Wiito oy | 27 &=
eB<1+e B )

|~

o
RN

|~

o
RN

The pdf [0,1] THL-TLD can be obtained, according to (12) as,

(2 <1+e_71> (—l)i . \
Y YR o 2o (1 + k)

-1 =0

fO)rhL-TL = 1 x i(1+e%> —(x=2) ( (16)
1-e B e
o)) Z —(x-M\?2
1+e P Beh <1+e B )
\ J
R —(x=1)
1-e e P
Let, I = lml and Il = -2
1+e B <1+e B )
_x \*
1—e B
I'=\—7—==
1+e B

i

_X

<1+e ﬁ)
- —-M\!
<1+e B )
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_x\i G\ 7
=(1—e 5’) <1+e B )
By using the following Formula[1],
(1 -w’ = ZZo (-1 Fu; (17)

and (11) will be,

- R =)
1=z(—1)nc;e 7 Ec;n‘e 5
n=0 m=0
Now,
—(x=2)
e B

—(x=2) —(x=)\ 2
=e B <1+e B )

According (11) will be,

—(x=2) & —jx-2)
II=e B ZC]Ze B
j=0

= ~(+D(x-A)
Il = Z C]TZe B
j=0
Substitutes 1 and Il in (16) we get,

r 2 <1+€_71) (_1)i . . )
—Zlo(ozozoo _CI:ZO-_(I-H)(]- + k)l

-1 =0

f(x)THL_TL = -nx —m(x—-21) <1+e_%> ¢ (18)
Yieo(-D"Che P Yoo Crie £
o 5 -(+1)(x-4)
\ ijo C] e B )

The function of the reliability [0,1]THL-TLD can be obtained as,
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R(X)rur-r, =1 = F(X)ryL-711

x i
_1 7 -
—— (-1t 1-e
<1+e U’) 1—21920 ol < —(x—A))
1+e B

R(X)ryp—r, =1 — — (19)
(o) s (228)
1+e B
The hazard function of [0,1]THL-TLD as,
f Q) rHL-T1L
H(x _ = —
() rhL-TL RGO rmir1
-1
2<1+e7> ; .
— ZZZOZ‘{‘;O(_;) (2o~ O+D (14k)!
(1—97) :
_4
-nx —m(x—l)<1+e B)
YheoChe B ¥R _oChle B — L
5 ) W
RoCile
H(X)ryp-r1, = J[O L - i\ (20)
<1+e_71> 1-3° (—_1)i< 1-¢ B > |
1=0 g5ij) —(x=1)
1 k 1+e B }

5. properties of the [0,1] THL-TL distribution are given respectively as,

r-" Moment:

The rth moment of [0,1]THL-TLD, can be obtained from [~ x"f(x)rup—rdx.
According to (17). The r-™ moment of [0,1] THL-TLD can be obtained as follows,

(2 <1+e_?1> ! . i )
ﬁz;‘io Xizo T C;:ZO'_(lﬂ)(l + k)

l1-eo
EX")ryp-11 = fooxr< -2\ »dx
0 . oonx ome-n (1ve F
Ynco(=D"Che B Yr-oChe # 5
o 5 =+ (x-2)
\ Zj:o Ci“e A J
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( 2<1+e_61> )
Z Z _C—Z —(1+l)(1 + k)
-1 k=0 4i=0

i) P

E(Xr)THL_TL = fOOO xr< -nx mA -mx (1+€_%> (
Yo (=D"Che B Y2 _ CrlePe B
o g UTDA (DX
\ Zj:() Cj e B e B )
By using the formula [ x®~'e™A*dx = "2, the rth moment of the THL-TLD, is
given by,
(2 <1+e_01> )
( —1) k=0 iz TC_Z o~ (D1 +k)
l-eo :
2
EX")ruL-11 = § - <1+6_E> ’ (21)
Z§=O(_1)n(}1 Z;ﬁ:o C;{ ek T
G+1a r+1
© =2 r(r+1)p
. j=oCi7e ? (+n+m+1)r+1 J

Depending on the particularE (x") ryp—p; (v = 1,2,3,4), another properties of this

distribution such as, (meanpu = E(x)),variance (var(x) =02 =E(? — (E(x))z)

—1)3 2)_ 2 2
coefficient skewness <SK =E(Xo3“ 2 - EC)sublx) o ) And coefficient of kurtosis
[o2]2

—)4 4)_ 3 25(y2)_2,3
(KT _ E(X 4;1) _ E(x*)-4pE(x ):6;1 E(x?)-3u )
o o

Can be obtained, where,

(2 1+e_<fl )
( —1>Zk 0 Xi= 0-_.C_2 _(1+l)(1+k)
(1 . U) il

EX) rup-11 = 3 mi <1+e_%>

oo (—1)"Ch im0 Gt € F ~——

~~

+1)A
0 CTZe(HBI) __r@B%
\ J=0%) (+n+m+1)2 J
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( ) Yimo ZiZo— CGlo™ MO (1 + k)
l-eo
2 A
E(X*)rup-r1 = A (1+e ﬁ) (
Tiio(—1)"Ch Zino Gl € 7 ~—
(+va 3
) r(3)p
\ LjzoCje (j+n+m+1)3 J

(2 (He‘i) )
TV Dke0 Mim i—C‘Z o~ (1 + )’

(=)

1
EX*)rhp—rL = mi <1+e7> (
S o(~1)"Ch B Gl e~
(J+1)2 4
0 -2 F(‘l')ﬁ
\ Zf:o Cjre (+n+m+1)4 J

(2 <1+e_al> )
=TV X0 Lie l.—c-2 o~+D(1 + k)’
[ R
E(X4)THL—TL = 9 mi <1+e_%>

oo (—1D)"Ch Zmeo Gt € 7 ~——

v~

(+1DA

r(5)B5

0 -2
. . e —
\ J=0 CJ (j+n+m+1)5 J

ii- Characteristic Function:

The function of the characteristic of the THL-TLD can be obtained from,

E(e™) = ¥ 0 Y EX™) prry.

r!

Therefore, the characteristic function of the THL-TLD is given by,
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2 (1+e%1> (-1)! ; i\
= Xkeo Z?ZO—CEZG‘““)(l + k)

=

o @7 A
Ox (O raL-TL = Xreo lr! )\ i <1+e7> r o (22)
3o (~1)"Ch Do Gl 0 F A
g+ua r+1
0 -2 [‘(T+1)ﬁ
\ 2j=° Cj e f (j+n+m+1)r+1 J

Shannon Entropy:

The Shannon entropy of the THL-TLD can be obtained from,

- fom In(f ) rur—r) f () raL—11 dX

By using the natural logarithm of the pdf in (10), and according (13) and (14), we get.

-1\ -QXx)
2 <1+e g )e o q(x)
In(f () rhr-rL) = In

-1 -Q)\?
(1—e0>0<1+e o )

In(f ()LL) = {In : (He%)

—Q\ 2
e )

( 2 <1+e_71> (1—e%> )

In = |~ =)
"(1_3 ") o<1+e B )
= r

< [ 2 —(x-1) ] QN 2

B B —Qlx
+ln|1+§ = e = ln(1+e v )
\ [ o\ (”e ’ ) j )

-1 —x

2 (1+e?> (1—e B ) <1+e%>
In — | — ——o~ tIn| —
0(1_‘3?) 0<1+e B > eP

)
B

In(f ) rur-r1) =

—x-2) -
—ln(ﬁ)—Zln<1+e B > —Zln<1+e o >
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By using the following Formula[1],
i-1
In(u) = ¥ % 0<u<?2 willbe, (23)
( <1+e?1) <1_e%") )
-1 —(x=2)
<1 e”) (1+e B )
= B
In(f () rur-rL) = +In <1+e ) (- ’1)_[ B) (
=\ 1 —oGn k-1
(—1)"<e B (—1)’<<e < )>
(24)
—x 00N k1
(1—e7> (—1)"<e Z )>
Now |et, I = m , I = ZZIO::O P and Il =
1+e B
e N
AP
2XiZo

i+1

(1_e%> -x (=) 1
I=——(xl) (1—€ﬁ)(1+€ B )
d<1+e B >
According (17) and (11) we get (1),

—cx —b(x—)l)

——Zc o(=DCce #F XpLoGle F

—(c+b)x

b
1w o =
=;Zc=0(—1)CC%Zb=oeﬁcble B

According (8) will be,

1 voo 0 - ﬂ 0 (_1)f ctb 4
I= 2220 (-D T Gl e T - (57) */

B
_ k-1
( 1)k( Q,,(x)) 1y 0
0 oo —1)"e 4
N=23 0 = 28— —

According (8) will be,
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1 D (k-1)"
I_ZZI(O( )Zno( i)

= e CIC (25)

Now, according (13) we get,

(GO = ( 1'£;>n = (1_;72)

_ n
1+e B <1+e B )

According (17) and (11) (Q(x))™will be,

—-ZX —s(x—2)

GO = T2 0(—1)7 e ? 320 Cle 7

According (1.12) will be,

=™
Zz 0( 1) CZ Zm 0 m'[?:l x

B o (l)tt t
Yoo GG el ¥y gt X

(GO)" = (26)

Substitute (26) in (25) we get,

(-1)k DM k-D"
2 i o g 2D G

nlom
Ir= =nmzm = (—1)tst
Now,
) (-1 -2
(-1) (e B > &
= 2%z, i+1 =22i= i+1

According (8) will be,

i (-1)A

o (1!
[=2)Z05re

I ( 1)/ (-1 1)/ j
Z Jj! ﬁ] X

Substitute (1), (11) and (I11) in (24) we get,
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( 2<1+e_?1> " ba )
In (7)) L3 (— 1) CE T Gl e ?
gll-eo
f f _A
Py 0(f1|) (C;b) xf+ln(1+e ﬁ) b A)—l B)
l 1) =3 i .
n(f(x)THL TL) _22 1)1 @ Bl))l 200 (_1)] (i—l)] j (
i= ° i+1 =0T e X
(-1)k EDME-D" oo
2 k=0 Pre] Yn=o nlgn 2:Z-O(_l)ZCZ1
( 1)mzm oo (- 1)t ¢
\ Zm 0 migm mzs 0Cs eﬁz t!ﬁt ——xt )

The function of the Shannon entropy ,THL-TLD can be obtained as:

SHryp-11, =
( 2<1+e_71> 1 ba )
n| —-0—= |- ;2%:0@21?:0@133
a(l—ed)
Zfo — (C+b) f+ln(1+e ﬁ)—E-l‘E—ln(ﬁ)
—fo $ oy - )L (i- 1)/1200 1 m1y e f () rhp—r dx
=0 j4q J=0ji BJ TR
1) =DM (k-1)" 9]
s
\ Zm 0 mu,gri ZS OCS ef 2 tlﬁt m J

Therefore, the function of the Shannon entropy , THL-HLD in (10) will be,

-1

f [1+7)
2(1+e bA
_ 11 130 -1_,7 yo ﬂ c+b f
" of1-¢7 ) * LG G el Z0 ()
2
o - 1 poo0 A
Jo % FCmun-rudx = (14 €78) 3 [ xf () pudx = 5+ In(B)
SHryp—r1, = 3 i (-1
o (1! ] (1)J 1)J
+2%2, ¢’ I T (lﬁ,) f Jf () rrp—ridx +
(-1)k ( D (k-1 (—1)mzm
Zk O k+ Zn 0 nlgn Zz 0( 1)chzm 0 migm
© - 2 o (D'st coo
. Ys=o G5 el XNiZo tggts fo XM () rhL-rLdx
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-1
( 2 <1+e?> bA )
1 00 c oo -1 .

—In ﬁ + ;Zc=0(—1) CeXhooCpleh
oll—-eo

z}zoﬂ (ﬂ)f EX) —In (1 + e_%) + 1E(X) - % + In(B)

f! B
B B T
250 e B - 1):.(;‘5” Sy (—~DC
B0 T 5 G e B T By
Where,

E(X) EX"),E(X’),andE(X™*%) asin L) with (r = 1,f,j,m + t)
Stress Strength reliability model

Let Y and X be the Stress- Strength model random variables that independent of each
other follows respectively [0,1] THL-TL with different Parameters, the Stress- Strength

model can be obtained by,

SSthL-n = P(Y < X) = fooo fxC)rup—r B (x)dx
where,
(1+e;_i> (1—2?20(0_111'): <71—_e(:f_;1)> >
Fy(x) = tte 5 27)

X

1—e_EI
Let J = <T/11)>
1+e FA1

- (1- e—;—l)i (

-1
(1—e01) 1432,

i

(1)

1
1-¢ P1
1t —(x=21)
1

+e B1

—(x=Apy "¢
1+e A )

According (17) and (11) we get (J),
—k(x /11)
J = Z( D/Ge ﬁich SR
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According (8) will be,

EO™MK+N™  p

Tl!ﬁln (28)

kll .
/= Z?:o(—l)]c} eF1 Yizo ' Xn=o

Substitute (28) in (27) we get F, (x) ,

(-1t o D" kN
1+eff1 (1 -2 2] o(— 1)Jc1e 51 Yo Cr Pty 2D L) ,n )

aqlit nip "

F,(x) =

kA1
effl <1+Zoo (-1t Z;oo( 1)](:16 Bl el ocklzoo (= 1)n(k+1)n )

oqlil nip"
<1+e

1) LZEY COre) ) !
<1 e61> <1+Z T Zio(= Dicje PR G o—njxn>

nipy
-1
<1+e‘71>

(=)

D[4

2

kA1 .
%) ( 1) %) i B, \00 —i o0 (D)™ (k+ )"
[ (1 +XiZo oLl j=0(_1)jcjl' e Y=o Ci' Zn:o—n] x") -

n!'fy

According (11) E, (x) will be,

F,(x) =
(o 14e01 )
2<1+ea1) ( 1) (_1)n(k+]-)n m
( ) Ym=0Cm ( i o ZOO o(— 1)]C1851 Y=o Cx Z?lozon,ﬁ—n) xmn>
1—ef%1 P1
9 1 \

(29)

Therefore, based on (29), the stress- strength model of the [0,1] THL-TLD can be obtained

as,
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ZiLo(—1) G e Pt Xito G oo
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fo x" e O rHL-HL —
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niB,"

\

/)

-1
(2<1+e”_1>

o (-1}
i=0

Lk .
Lo(-1)/Cefr X3 G Easo

(Z;‘,Lo G (

0'1"1:!

m
(~D"(k+))" )
nipy"

\

(1_65—i> ) |
s
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Where, E(X™) as in (21) with (r = nm).

Simulated Data:

A random variable X has the THL-TLD can be simulated by solving numerically the

following nonlinear equation,

U(l—e%l> /1+w(_1)i 1+e% —i\‘\
—<1+e_71)/ o (— 1) L +eb _l\

k1 - -
oti!
i=0

Where U has the standard uniform distribution.

A simulation study was carried out to compare the performance of different estimates
from [ 0,1 ] THL-TLD. We create random variable from [0,1] THL-TLD for different
sample sizes and different parameter values. The simulation study is repeated ( 1000 N)
times each with sample size (n = 20,50,150) and the selected parameter values. The
estimators of (o,4,8) . Mean square errors.. Through the R program, we obtained the

results shown in the tables (1), we can conclude the following:
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Table 1. Empirical MSE for the parameters estimation of THL — TLD.

Default values of parameters | Sample size Empirical MSE
o A B n G A J4

20 0.001335 | 0.000937 | 0.001357
0.5 50 0.001289 | 0.000652 | 0.001572
150 0.001122 | 0.000279 | 0.001404

0.5
20 0.001446 | 0.001112 | 0.002321
1.2 50 0.001393 | 0.000814 0.1768
150 0.001242 | 0.000332 | 0.001514

0.5

20 0.001256 | 0.001004 0.2308
0.5 50 0.001328 | 0.000814 | 0.001879
150 0.001252 | 0.000476 | 0.001734

1.2
20 0.001653 | 0.001115 | 0.002354
1.2 50 0.001386 | 0.000913 | 0.001968
150 0.001259 | 0.000447 |0.001813
20 0.001518 | 0.001207 | 0.002356
0.5 50 0.001443 | 0.000942 | 0.001986
150 0.001355 | 0.000613 | 0.001798

0.5
1.2 20 0.001664 | 0.001308 | 0.002483
1.2 50 0.001539 | 0.001168 | 0.002138
150 0.001473 | 0.000823 | 0.001793
1.2 0.5 20 0.001775 | 0.001353 | 0.002565
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50 0.001613 | 0.001063 | 0.002086
150 0.001573 | 0.000874 | 0.001829
20 0.001877 | 0.001511 | 0.002643
1.2 50 0.001789 | 0.001284 | 0.002286
150 0.001634 | 0.000845 | 0.001975

from this table, we observe that:

The MSE's will be decrease as a sample size increases for all cases. This result is
compatible with statistical theory.

the increase in scale parameters give us increase for MSE of estimated parameters , for all

sample sizes .

the increase in location parameters given us decrease for MSE of estimated parameters, for

all sample sizes .
7 - Conclusion

We created a new family of distributions with random variable of continues type,

named truncated [0,1] HL-TLD, is discussed as special case.

We provide form the function of the characteristic, the r'™  moment, the function of
reliability , hazard function, the function of the Shannon entropy and stress- strength

model.
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