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Generalized Truncated Distributions with N Intervals Deleted:
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Abstract. The distributions obtained by N intervals truncations are characterized by its high sensitivity
for stochastic volatility data. In stable intervals, we use this method to delete some certain range of data
values from a domain of the random variable. A comprehensive treatment of the statistical properties of
this distribution is presented. We assume Normal and Log-Lindley distributions to apply the obtained
results.

1. Introduction

The truncation method is an important methodology to delete some certain range of values from a
domain of the random variable Y. In other words, the truncation happens when we need to delete a
dataset which have values that are outside of a usual range. For instance, in some probability distributions
you might restrict your y-values between two values a and b. There are three known kinds of truncated
distributions: (a) Truncated from above, high values of y are cut off so your range is from negative infinity
to some maximum value of y {—00, Yy}, (b) Truncated from below, low values of y are cut off so your
range is from some minimum value of y to positive infinity {y,,;», o}; and (c) Double truncation, both the
low values and y values are cut off {uin, Ymax}. Ali and Nadarajah [14] introduced a truncated version of
the Pareto distribution. They derived the explicit expressions for the moments for the truncated version.
Nadarajah [19] introduced truncated versions of five of the most commonly known log-tailed distributions
which possess finite moments of all orders and could therefore be better models. Zaninetti and Ferraro [10]
presented a comparison between the Pareto and truncated Pareto distributions. In [6],[11],[17],[20] and [22]
some details about truncated distribution have been discussed.

What should we do to delete some values in some intervals for some probability distributions such as stock
price distribution (Wiener process range distribution which has been studied by Feller [21], Withers and
Nadarajah [3] and Teamah et al. [1])?. In this paper, we give the answer for this question by presenting
a new definition for the N intervals truncated distribution, which generalizes existing double truncation
distribution to truncation on multiple intervals.

This paper is organized as follows: in Section 2, we provide the definition of N intervals truncated distri-
bution and discuss some of its statistical properties. The method of order statistics is derived in Section 3
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for some characterization of N intervals truncated distribution. In section 4, we apply the results which
obtained in sections 2 and 3 on Normal and Log-Lindley distributions with a real dataset. Section 5 ends
the paper with some concluding remarks and future works.

2. N intervals truncated distribution

Let Y be a random variable has a probability density function (PDF) gy(y) and cumulative distribution
function (CDF) Gy(y). We need to delete some certain range of values from its domain at some intervals.
We are interested in the distribution of N intervals truncated random variable at the intervals (a;, ;) where
a1 <1 <ay < P2 <..<an < pn and defined by:

Definition 2.1. Let Y be a random variable with known probability density function gy(y), define X as a correspond-
ing N intervals truncated version of the random variable Y with PDF fx(x). Then, the probability density function
of N intervals truncated of Y is given by:

f =] TEET ey * e a) UBya) U a) U UGBy-a,an) UGB, o),
0, Otherwise,
M

where an < 1 < ap < Pp < ... <an < pnand By = —c0.

The idea of the above definition has been drawn from the idea of left, right and double truncation, which
studied in [10], [14], [19]. In our definition, we distribute the probability of the truncated parts (i.e., the
parts which we need to delete from the domain of X) on the remaining parts (i.e., the undeleted parts from
the domain of X) with equal proportions.

2.1. Special cases
For this new definition we get some special cases as follows:

Casel If welet N =1 and (a1, $1) = (-0, a), f—1 = —oo then we have,

fx(x) = gx0) = gx() = 9x) a<x<oo
1-Gy(a) + [Gy(=20) = Gy(B-1)] 1 -Gy(@) +[Gy(-0) = Gy(-o0)]  1-Gy(@)’ '
()
which is a definition of the left truncated distribution which have been studied before by Zaninetti
[11].
Case 2 If (a1, $1) = (B, o0) then we have,
fe) = gx(x) _ gx(¥) _ 9xW) . —w<x<f
1= Gy(0) +[Gy(B) = Gy(B-1)] 1 —Gy(o0) +[Gy(B) = Gy(=)]  Gy(B)
)
that is a definition of the right truncated distribution.
Case 3 If welet N = 2 and (a1, f1) = (-0, a), (a2, B2) = (B, 00) then we have,
9x) —o<x < —oxn) —co<x<a
(x) = 1—Gv(°°)+[GY(—°°)—GY(§5—1)]+[Gv(ﬁ)—GY(a)]’ 7 _ ) G(B)-Gy(@)’ ’
fX gx(x <x <00 _9x) < x < o0
1=-Gy(e0)+[Gy (=00) =Gy (B-1)]+[Gy (B)-Gy(w)]” p ’ Gy(B)-Gy()’ p ’
4)

where the complement of fx(x) gives the PDF of the double-truncated distribution where the random
variable will become situated between a and  (i.e., @ < x < ) which have been studied before by Johnson
etal. [17].
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2.2. Distribution, Survival, Hazard and Reversed Hazard functions

3411

The distribution function of the N intervals truncated random variable is given by:

Fx(x) =

Gx(x) , —00 < Xx < &1,
1—Gy(ﬁN)+Z§\i1 [Gy(aj)—Gy(ﬁj—l)]
Gy(a1)+Gx(x)=Gy(B1) Br<x<a

1—GY(}3N)+Z;\L1 [GY(“j)_GY(ﬁ/'*l)]
Gy(a1)+Gy(a2)—Gy(B1)+Gx (x)—-Gy(B2)

1—Gy(ﬁN)+Z§i1 [Gy(aj)—Gy(ﬁj—l)]

Gy(a1)+Gy(a2)=Gy(B1 )+~~+GY(‘;I\‘171)_GY(}SN72)+GX (0)=Gy(Bn-1)

1—Gy(ﬂN)+Z§V:1 [GY(“j)_GY(ﬁffl)]
Gy (a1)+Gy(a2)—Gy (B1)+...+Gy (an) -Gy (Bn-1)+Gx ()~ Gy (Bn)

1—Gy(/3N)+):§il [GY(aj)—GY(ﬁ/—l)]

4

Also, its survival function is given by:

Fx(x) =

.

1-

1- [ Gx(x) ]
1—GY(ﬁN)+Z;\i1 [GY(“/)_GY(Igffl):I

. _[ 2y (@1)~Gy(B)+Gx () ]
1-Gy B+ [Grtan-Grn] |
1— [SGy(al)—ZGy(ﬁl)+2Gy(az)—GY(/32)+Gx(x)}
1-Gy(Bn)+L [Gym,)—cy(ﬁfﬂ)] ’

1*GY(ﬁN)+Z$\i1 [GY(a/)*GY(ﬁj—l)]

(N+1)Gy(a1)-NGy (B1)+NGy (2)—(N-1)Gy (B2)+ (N=1) Gy (a3)—... +2Gy (an) =Gy (Bn) +Gx (x)

[NGV(Utl)—(N—l)CY(ﬁl)+(N—1)Gy(az)—(N—Z)GY(ﬂ2)+-~+2GY((XN1)—Gv(ﬁN1)+Gx (%)

ﬁ2<x<a3,

, Bn-1 < x < an,

PN <x < oo,

—00 < Xx < (1,

‘81 <Xx<ay,

B2 <x<as,

(6)

], Bn-1 < x <ap,

1-Gy(B+L Y, [Gy(D(;)*GY(ﬁj—l)]

], BN < x < 00,

The hazard function is a very useful function in life time analysis, see Marshall and Olkin [16]. For the
truncation distribution, the hazard rate function is given by:

Ox(x) =

gx ()
1-Gy ()2, Gy (a)-Gy (1]

1_[ ) ] ’
=Gy ()2, Gy (a)-Gy (1]
gx ()
=Gy ()21, Gy (a)-Gy (5-1)]

_[ 26y (@1)-Gy (b1)+Gx ) ] !
pcy(ﬁmm?’:lmym -Gy (i1l
Ix()
ch(ﬂN)m/ﬁi 1[Gy @)-Gy(Bj1)]

1— [ 3Gy (@1)=2Gy (B1)+2Gy (ap)=Gy (f2)+Gx (x) ] !
1-Gy BN I+EY Gy (2))-Gy (Bj1)]

Ix ()
1’GY(5N)+Z]<:1 [Cy(@j)~Cy(Bj-1]

1_[ NGy (a7)~(N-1)Gy (B )+(N-1)Gy (ap)~(N-2)Gy (B2) +...+2Gy (any_1) -Gy (Byy_1)+G x (¥) ] 4
1-Gy (Y. Gy (a))-Gy (Bj1)]
gx(x)
1-Gy (Y. Gy (a))-Gy (6j1)]

]7[ (N+)Gy (g )*NCy(ﬁ1)+NGy(az)f(N4)Gy(ﬁz)+(N—1)Gy(a3)—...+zcy(a,\,)—cy(ﬁN)mX(x)] ’
1-Gy (N LY, Gy (a))-Gy (Bj1)]

—00 < x < (1,

1 <x<ay,

‘82<x<0(3,

Bn-1 <x <an,

BN < x < 00,
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Now, we need to obtain the reverse hazard rate function. This function is useful in the analysis of data in
the presence of left censored observations and it is used to discuss the lifetime distribution with reversed
time scale. The reverse hazard rate is natural if the time scale is reversed. Also, this rate is important in
the study of systems because it has an affinity for series systems and it is more appropriate for studying
parallel systems. Thus, by using our definition the reverse hazard rate function will become:

gx(x)

Cx(’ —00 < Xx < 1,
gx(x) <x<
Gr(@)-Gy(B+Cx™” pr <x<a,
gx\x
Ox(x) = Gy (@ +GCr(@2) -Gy (B1)-Cr (B2)+Cx (D) pr<x<as ®)
gx(x)
Gy(a1)+Gy(a2)=Gy(B1)+...+Gy(an-1)-Gy(Bn-2) =Gy (Bn-1)+Gx(x) / ﬁN—l <x<an,

gxx

G (@D +Gy(@2)—Gy (B +- Gy (@n)—G (B 1)—Gr () +Cx () Pn <x <o,

2.3. Kth moment

Moments are used to study some of the most important features of the distribution. One of these
features is the first four moments which can used to describe some characteristics of a distribution such as
the skewness and kurtosis. The Kth moment of the N intervals truncated random variable is given by:

‘2} xF fxe(x)dx + fgz XK fx(x)dx + fﬁjS XK fx(x)dx + ... + fﬂ‘: x* fx(x)dx.
1-Gy(Bn) + L%, [Gr(a)) = Gy(Bi-1)]

Using the integration by parts, one can get:

ob =

t

aiFx(en) = [ ke Fx(x)dx + aFx(aa) = BiFx(B) = [ ke Fx()dx + . +0 = ByFx(B) + [ kot Fx(x)dx
1-Gy(pn) + L [Gyla)) - Gy(Bj-1)]
~BRFx(Br) + B [k F@)) — B Fe(Byon)] - K £ [ ¥ P — [ 2 (e + [ PN k= 1Fx(x)dx]
1-Gy(Bn) + LY, [Gy<a,-> - Gy(Bi)]

(k) _
Q7 =

©)

2.4. Moment generating and characteristic functions
The moment generating function of the N intervals truncated random variable is given by:

Joo e e+ [ e f(adx + [ e () + .+ [ fr(@)dx

MY () =
1-Gy(Bn) + Z]':1 [GY(aj) - GY(ﬁj—l)]

after integration by parts:
Mx(b) — e Fx(Bn) + LI [et"‘/ Fx(a;) — e Fx(Bj-1) ] - t[ f e Ex(n)dx + [T e Ex(x)dx — [ P fxpx(x)dx]
1= Gy(Bn) + L1 [Gr(e) = Gy(Bi-0)]

M) =

(10)
Similarly, one can obtain the characteristic function of the N intervals truncated random variable by:
Dx(t) — e Fx(Bn) + TN, [ it Fy(a;) — e Fx(B; )] t[Z a”l e Fy(x)dx + fal e Fy(x)dx — fﬁN e™F (x)dx]
j=1 j-1 X o€ Ex € X

1-Gy(B) + I, [Gy«x,-) - GY(ﬁj—l)]

@5y =
Oy (1) =

(11)
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2.5. Likelihood function

The likelihood function is one of the most commonly used method to estimate the parameter 0 of the
distribution. Let x1, x2, ..., x;; be a random sample of size h from N intervals truncated distribution with PDF
(1), then the likelihood of this distribution can be derived as:

Iy ha
L(6lx) = H fx(xi; 0) H fx(xi; 0)
i1 1= Gy(Bn; 0) + LI [Gr(@j; 0) = Gy(Bj1;0)] iciv1 1= Gy(B; 0) + Ly [Gr(a; 6) — Gy(Bi-1; 0)]
ﬁ fx(xi; 0)
i1 1= Gr(Bn; 0) + L [Gr(@;; 0) = Gy(Bi1; 0)]
[Ty fx(xi; 6)

-
(1 - Gy(Bn; 0) + sz\il [GY((X]‘; 0) — Gy(Bj-1; 9)])
(12)

Then, the log-likelihood function is given by:

h N
log L(0lx) = Y " log fx(x; 0) — hlog (1 ~ Gy(Bni0)+ Y [Gy(@;; 0) - Gy(Bj-1; e)]).
i=1

j=1
To get the estimated value 0 of the parameter 0, we solve the following equation:

QogLOK) _ [, oo e o N oo ous ol o
T-%[; 08 Sxi 0= Og( ~GrlpniO)+ ) [Ortayi0) = Grlpy )J)L_@_ |

=1 =

3. Characterization using order statistics

Kendall-Stuart [8] and Johnson-Kotz [7] studied the characterizations of statistical distributions by
collecting and describing various characterization theorems for each distribution. Kagan et al. [9] used
probabilistic and statistical methods and properties which leads to characterizations, including a form
of characteristic functions, behaviour of linear statistics, independence, sufficiency, regression properties,
etc. In addition, some authors studied the characterizations of statistical distributions from a purely
mathematical point of view such as Lukacs [12], [13].

Let X;,X>, ..., Xi» be an independent identically distributed sequence of random variables with PDF fx(x)
and CDF Fx(x) then Xi.,, < Xo.y < ... £ Xy be the order statistics with PDF:

Frnl®) = T XN L - B @A), 1<r<m, (13)

and the joint PDF of the rth and sth order statistics where 1 < r <'s < m is given by:

m!

T — i =9 [Fx()I ' [F2(2) - Fx(F " [1=Fz@I" ™ fx(¥) fz(2),  1<r<s<m,

(14)

fr,s:m (xr Z) =

(see Arnold et al. [2]). To characterize the N intervals truncated distribution based on this order statistics,
we shall prove the following theorem as in Mohie El-Din et al. [15].
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Theorem 3.1. The random variable X has N intervals truncated distribution with PDF (1) if and only if:

il “zk—l[l-zﬁ‘l[zézl [Grtac - Gpen]] + AL

G E(XE,,, 1 Xem =x) = Fr—————
( ' ) [1 - Gx(x)] 1-Gy(Bn) + sz\il [GY((X;‘) - GY(ﬁj—l)]
(15)
211 - Gx(@)] Dx(x) - 2x[1 = Gx(v)] Wx(x) - W2
G Var(s o =) = [1-Gx@)]  Ox(x) -2 z(f_(j)] x() X(x), .
[1 - Gx(x)]
where N .
] z m—r
Dx(x) = foo z[l - L [ZC=1 [GY(ac_ll\), _ GY(ﬁé_Z)” i fﬁf—l f(t)dt] dz;
x 1-Gy(pn) + L% [Gy(a)) - Gy(Bj-1)]
e - fm [1 I [ZL[Gv(@c) = Gy(ea)]] + f<t>dt]m—rdz;
x 1-Gy(n) + L% [Grl(a)) = Gr(Bi-1)]
Proof. (i) Firstly, if X has N intervals truncated distribution and X’: o = % then we have,
f"o Zkfr,r+1:m(x/ Z)dZ m-r 0 m—r-1
E(X5, 1l X = x) = = = 1-G@)| 9@z
( E ) frm(x) [1 - Gx(X)] fx [ ]

As in Mohie El-Din et al. [15]:

k « 1
E( X = ) = 2 4 —— k—l[1_
(X x) =+ [1-Gx@)] fx z 1- Gy(By) + LI [Grla)) - Gy(Bj0)]

[f f(t)dt + Gx(al) + ] f(t)dt + Gx(al) + Gx(afz) - GX(,Bl) + ‘fﬁv f(t)di’

+Gx(a1) + Gx(az) — Gx(B1) + ... + Gx(an-1) — Gx(fn-2) + fﬁ f(tdt + ...

+Gx(af1) + Gx(az) - GX(ﬁl) +..+ Gx(aN) - GX(ﬁN—l) + L f(i’)di’“ dz

=X

S S f ” Zk—l[l _ L [ Il [Grlac) - Grped)]] + [ £ (t)dt]m—rdz;
[1- x| s 1-Gy(B) + ZX, [Gr(a) - Gy(11)]

Now, we need to prove that if (15) holds then X has N intervals truncated distribution (sufficient condition).
Let,

(m _ 7') ~ k[ B ]m—r—l . K
——— | #1-G)| g@dz=rr ———
[1-Gx()] f ’ [1-Gx)]

o 1 IL[EL [rtacn) - Grige]] + [y fat
Xf Zk1 |1 - = j
' 1=Gy(Bn) + Ljm [GY(“J') - Gy(ﬁ;;l)]

dz;

m-r
] dz.
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By multiplying both sides with [1 - Gx(x)]m_r, we get

m-—r

(m—r) foo zk[l — Gz(z)]mirilgz(z)dz = xk[l - Gx(x)]

s kf“’ zkl[l B L [Zézl [Gy(ac—l) - Gy(ﬁc_z)]] + fﬁ; f(t)dt]dz
' 1= Gy(pw) + Lk [Gr(@)) = Gy (B

Differentiating both sides with respect to x, and using the rule %( fﬂ ! fX(x)dx) = —f(a) then we get,

m-r

—m =11 - x| gx) = k1= Gx@)|" = m =1 = 6] gx)
L) [ 2 [Green) - GrBea]] + f(t)dt]m—r
1-Gy(pn) + 2N [Gr()) - Gy(Bj) '

- kxk_l[l -

This leads to,

[1 - GX(X):Im_r _ [1 B Z?il [Zézl [GY(DCC—l) - Gy(ﬁg_z)]] + fﬁj_l f(t)dt}m—r
1= Gy(By) + £l [Gr(a)) — G(Bj-1)]

Comparing both sides, we get

S [l [Grlacy) = GyBen)]] + [, ftydt

GX(x) = N
1- Gy(,BN) + Z.j:l [GY(aj) - GY(ﬁ]’—l)]

This complete the prove of (i),(ii). Since

Var(XHl:ler:m = x) = E(X2 |Xr:m = X) - (E(Xr+1:m|Xr:m = x))z

r+1m
[1-Gx()] [1-Gx@)]
20x(x)  aWx(x) V@)

m=r 2(m-r)

e [-ae]” o)

) 21 - Gx()|" ®x(x) ~ 241 - Gx (@] Wx(x) - P2(x)

2(m-r)

[1 - Gx(x)]

This gives the necessary conditions.

To prove the sufficient condition of (ii), we let (16) satisfied and by the same method which used in
Mohie El-Din et al. [15] (Theorem 3.4 p. 26-28). Then we can easily get that X has N intervals truncated
distribution. [

4. Applications

In this section, we apply the above Definition 2.1 on some distributions such as Normal and Log-Lindley
distributions.
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4.1. One and two intervals truncated Normal distribution

For general reliability analysis, we used a normal distribution. It is also commonly used in times-to-
failure of simple electronic and mechanical components, equipment or systems. Here, we apply the above
results to this distribution in one and two intervals truncated cases. Firstly, we use Maple 13 program
to show the original curves of the PDF, distribution and survival functions of the normal distribution to
compare them with the curves of one and two intervals truncated.
Let Y has a normal distribution with mean y and variance o2. Thus, its PDF is given by:

!]Y(]/}M/G) = exp[_(y _ZH)2:|/ —0 <Y, U <0,0> 0. (17)
V210 20
Also, its corresponding CDF is given by:
Gy(y; u,0) = [1 + erf( )] —oo <Y, u<oo,0>0. (18)
g V2
In addition, the Survival function is given by:
Gy(y;y,a)zl—Gy(y;y,o)z —[ —erf( \/_)] —0o <y, 1 <o00,0>0. (19)
o

Now, we will apply the N intervals truncated method on (17) as follows.

4.1.1. One interval truncated Normal distribution
From Definition 2.1, the PDF of one interval truncated Normal distribution (i.e., N = 1) at the interval

(o, p) is given by:
exp[ —(x— p) ]

+ I 2”(1—5[erf(57%)—erf(j:/%)])l - <x<a,
fx(x) = e
exp[ 202 ] ﬁ<x<oo‘

o 271(171[@”4'(#3 u) erf(“ “)]),

If we let, (a, B) = (60, 80), then f;(x) is represented in Figure 1(a). Also, the PDF gy(y; u, 0) (17) in Figure 1(b)
is merged with f;(x) as in Figure 1(c) to show the effect of the new Definition 2.1 (one interval truncation)
of the area under the PDF original curve. This effectiveness resulted from the redistribute the probability
of the truncated area on the non truncated area. And, the one interval truncated CDF is given by:

%[1+erf(§%/%)]
o et )-er(=2)])
FX(x) B %[1+erf("7y)+€7f( = )_erf(f/:;g)]
(1o ) r(5)])

Figure 2(b) represent the CDF Fj(x) at the interval (a, ) = (60,80). The area under the curve is affected
after the truncation process. That is clear after the mergers between original CDF (18) (Figure 2(a)) and one
interval truncated distribution CDF (Figure 2(b) in Figure 2(c)).

For the one interval truncated distribution, the survival function is given by:

o et
R B GO C))
" e ) b Y e )
(il ) (5)])

—c0 < x < q,

p<x<oo.

—0 < x < q,

B <x<oo.



M_.A. El-Hadidy / Filomat 33:11 (2019), 3409-3424 3417

Original distribution Orignal & One internal truncated distribution
""" p=750=20 — — p=70,6=17 ¢ p=6S0=16 ¢ p=750=20 <© p=70,06=17
— — p=65,6=16 — — p=65,0=16 """ p=75,0=20 — — pu=70,0=17

0020 Y 0.04
g, 0013 [
Y po1o J/
0.005 & N
e 0.03
020406020100 140 120

C) ’
a *
fr
One internal truncated distribution
p=fsc=16 - p=T750=20
p=70,=17
0.04
003
fr 002 04
0.01

001 4

20 40 60 80100 160 200 (©

x
()

Figure 1: (a) The original PDF; (b) One interval truncated PDF and (c) Mergers between original and one interval truncated PDF of X
for different values of u and ¢.

At (a,p) = (60,80), we get F: % (x) in Figure 3(b), but for the original distribution Figure 3(a) represents its
survival function. The dlfference between the survival functions of the original and one interval truncated
distribution is represented in Figure 3(c).

4.2. Two intervals truncated Normal distribution

At (aq,B1) = (20,40) and (a2, B2) = (90,100), we use Definition 2.1 to get the PDF of two intervals
truncated Normal distribution (i.e., N = 2) as follows:

(5 )52 )-err(22) )
exp[ ~(— #)2]

o‘/ZTT(l—%[erf(%)ﬂrf(ﬁl }) erf(“z\ry) erf(tl‘}:)])/
o] 227]

A A

and it is represented in Figure 4(a), where the original distribution was represented in Figure 3(a). Here, the
effectiveness is differs from the effectiveness in the case of one interval truncated distribution (see Figure
4(b)).

—00 < Xx < 1,

EEE e

x () =

f1 <x<a,

P2 < x < oo,
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Orignal distribution Orignal & One internal truncated distribution
""" W=T5,0=20 == p=70,0517 ¢ p=T5e=18 ¢ p=Me=17 ¢ p=650=16
: L N p=75,0=20 — - — p=T0,0=17 — — p=65,0=16
o 1=
08 /7.
06 2
GY 1.
04 :
02 Vs :
0 )
0 20 40 60 30 100120140160130
¥y 06
@ .
r
04-
Omne internal truncated distribution
p=750=18 ¥ p=70,0=17
p=65,0=16
1 02
08
+ 06
£ 04 0
02 0
X
20 40 60 20100 160 200 (c)
®)

Figure 2: (a) The original CDF; (b) One interval truncated CDF and (c) Mergers between original and one interval truncated CDF of
X for different values of u and o.

Osiginal distribution Original & One internal truncated distribution
e ﬁfig?gg e o u=1256=30 © p=l150=20 °© p=1350=25
i - I | s | p=125,6=30 — — p=135,06=25
TRE
02 \-.\ 1 -—-—-‘_
A
0.6 ey
7 .44 LR
N i
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Figure 3: (a) The original distribution of the survival function; (b) One interval truncated distribution of the survival function and (c)
Mergers between original and one interval truncated distribution of the survival function of X for different values of i and o.
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Figure 4: (a) The original PDF and (b) Mergers between original and two intervals truncated PDF of X for different values of ;1 and o.
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Figure 5: (a) The original CDF and (b) Mergers between original and two intervals truncated CDF of X for different values of i and o.

Also, the two intervals truncated CDF is given by:

%[Herf( \f)] Cocr<a
(1= ers (8 )t (222 o (32)]) ’
F;(x) — %[1+erf((;rz}) ( \F) ( )] ﬁl <x<am,
I Y E ey B e )
Lol oGl
B o o e v ) '

(see Figure 5(a)). The Mergers of the two CDFs (for original and two intervals truncated distribution) are
showed in Figure 5(b).
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Figure 6: (a) The original survival function and (b) Mergers between original and two intervals truncated survival of X for different
values of p and o.

The survival function is given by:

()]
(14 e 28 e (8 J-ers( 22 )-err( 222 ) ])
veers( 25 )4 enr(55)-en(
(14 2t e (8 e (22 )-err( 22 ])
e () Jrers(252 )-ers( S err(52 ) -err(22)|
(14 e 2 e (g J-err (22 )-rr(22)])

(see Figure 6(a)). The difference between the original and two intervals truncated survival functions showed
in Figure 6(b). Definition (2.1) is more interesting to get more effective and applicable life time models after
deleting the data from stable time intervals. Of course, because from the above figures (1) to (6), we found
that, the redistribution of probabilities from the truncated parts to the remaining parts affects slightly on
the shape of the curves with maintaining the original shape of the curves.

—00 < Xx <,

Fy(x) =

ﬁ1<x<a2,

P2 <x < oo,

4.3. Remarks
To distribute the probability of truncated parts on the remaining parts with unequal proportions one
can use the following definition:

Definition 4.1. Let Y bearandom variable with known probability density function gy(y), define X as a corresponding
N intervals truncated of the random variable Y with PDF fx(x). And, if n;,j = 1,2,...,N are the values of the
proportions that used to redistribute the probabilities of the truncated parts on the remaining parts such that n; # 1y,
Vj # k. Then, the probability density function of N intervals truncated of Y is given by:

mgx(x)

- <x<
1fcy<ﬁw>+2§il[G(vga/)fcyw;_l)]' o <x<a,
M2gx (X
<x<
1—GY(ﬁN)+ZI;J:1 [G(y()a]v)_GY(ﬁj_l)] 7 ‘81 X a,
M3gx(x
<x<
Ox(x) = { 1-CrBN+LIIG @) -Gyl pr <x<as,
UN—l‘?';(X)
1<x<
1-Gy B+ [Gy(@))~Gy (Bi-1)) BN-1 < X < ay,
INgx ()

BN <x < o0,

1-Gy(Bn)+ L [Gy(a) -Gy (Bj1)]”
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Figure 7: Two intervals truncated probability density function of X for different values of i and o and 3 = 0.03,12 = 0.1, 13 = 0.87.
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Figure 8: Two intervals truncated distribution function of X for different values of y and ¢ and 7y = 0.03,172 = 0.1,13 = 0.87.

where By = —oo and Z;\il n =1

But this definition will make a complete change in the original shape of the known curve for the density
function. For example, if we use the same values of u and ¢ which used in Figure 4 and 1; = 0.03,1, =
0.1,13 = 0.87, we will get the unclear Figure 7. Also, the curve of distribution and survival functions are
unclear, see Figures 8 and 9. This show that the Definition 2.1 is more suitable and optimal for N intervals
truncated distribution.

4.4. One interval truncated Log-Lindley distribution

LogLindley distribution is one of the famous distribution which has a nice application in insurance and
inventory management. Gomez-Deniz et al. [4] introduced this distribution as a transformation of the
generalized Lindey distribution (see Zakerzadeh and Dolati [5]). The LogLindley distribution depends on
two parameters and Shanker et al. [18] studied this distribution for modelling waiting time and survival
times data. Sometimes, we need to delete some real data set for cost effectiveness of risk management
practice.
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Figure 9: Two intervals truncated survival function of X for different values of y and o and 11 = 0.03,72 = 0.1, 73 = 0.87.

The PDF of the LogLindley distribution is given by,

hiy(y; A,0) = 1= (A - log y)y° ", (20)

where 0 < x <1, A > 0 and ¢ > 0. Using Definition 2.1 the PDF of one interval truncated LogLindley
distribution is given by:

o%(A-log x)x°~ 0<x<a

. _ ) TiAcpiroti—log flra[Tro(Ai—log )]’ ,
fX(x/ /\/ 0) - { oF JUZ(/\Sigol;x)Jff"l ’ B 1 (21)

THio—p [I+o(A-Tog p)l+a° [1+o(A—log )]’ p<x<l,

where the deleting interval (a, ) = (0.3,0.5). Using Mathematica7, we can show the difference between the
original PDF and the one interval truncated PDF of LogLindley distribution as in Figure [10].
The distribution function of the LogLindley distribution is given by,

Fiy(y; A, 0) = HEE B0 (22)

And, the CDF of one interval truncated LogLindley distribution is given by:

x°[1+0(A-log x)]

O<x<a
T Ao [Lro(A-T Tro(A-Tog ]’ ,

Fx(x;A,0) = av[1+0?Aflof;CE)]tgﬁ(ﬂ[1+%g(/l€1]1+c)[§é)]i(;(“[n?f%fﬂlogx)] 1 (23)
T+ Ao—po[1+o(A—Tog p)l+as [1+o(A-Tog a)] , p<x<l,

Figure 11 presents the difference between the original CDF and the one interval truncated CDF of LogLindley
distribution.
Furthermore, the survival function of the LogLindley distribution is given by:

ﬁy(y; Ao)=1- %ﬁogy)l .

And, the survival function of the one interval truncated LogLindley distribution is given by:

1- x?[1+0(A-log x)] O<x<a

= TrAo—p[lro(1—Tog p)l+a°[L+o(A—log )]’ ,
Fx(x;A,0) = 1 2aﬂ[1+(;rm(ilfg [)z)-ff/(iu[1E§{A)1ng%)Tfag"[lfg(i)—]logx)] 1 (25)

- T+Ao—p°[1+o(A—log p)l+a’ [1+o(A—Tog a)] , p<x<l

Their exist a difference between the original and one interval truncated LogLindley distribution, see Figure
(12).
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Figure 12: Original and one interval truncated LogLindley distribution survival functions for different values of A and o.
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5. Concluding Remarks

In this paper, we introduced a new truncation definition for the probability distributions; that is; N

intervals truncated. The new distribution has a high sensitivity of stochastic volatility data. It used to
delete some certain range of data values from a domain of random variable (case of stable intervals).
We provided a distribution, survival, hazard, reversed hazard, moment generating, characteristic and
likelihood functions. Beside obtaining the Kth moment of the new distribution, the Characterization using
order statistics has been done. When we distribute the probability of truncated parts on the remaining parts
with unequal proportions, the natural shape of the known curve for the density function will be changed.
As an application for the new definition, we consider two of the famous distributions; that is; a normal and
Log-Lindley distributions and applied the obtained results on it. We hope that this new definition may
attract a wide application in lifetime modeling.
In the case of two intervals truncated normal distribution, we notice that the shapes of the PDF, CDF and
survival curves are construed to the original curve shapes of the normal distribution, see Figures (4),(5)
and (6). This will lead us to study the optimal number of truncation intervals in the future. In addition,
in future research one can introduce a new type of double-out and N intervals truncated for the lifetime
distribution.
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