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A New-Two Parameter Sujatha Distribution

with Properties and Applications

Yeni Iki Parametreli Sujatha Dagilim,
Ozellikleri ve Uygulamalar

ABSTRACT In this paper we propose a new two-parameter Sujatha distribution (NTPSD), which
includes one parameter Akash distribution and Sujatha distribution as particular cases. The sha-
pes of probability density function for varying values of parameters have been studied. Its statis-
tical properties including coefficient of variation, skewness, kurtosis, index of dispersion, hazard
rate function, mean residual life function, stochastic ordering, mean deviations, Bonferroni and
Lorenz curves, and stress-strength reliability have been discussed. The estimation of parameters
has been discussed using the method of moments and the method maximum likelihood. Appli-
cations of the distribution have been discussed with two real lifetime data and the goodness of fit
found quite satisfactory over one parameter exponential, Lindley and Sujatha distributions and
two- parameter Sujatha distribution.

Keywords: Sujatha distribution; Akash distribution; moments; statistical properties;
estimation of parameters; applications

OZET Bu makalede 6zel durumlarda bir parametreli Akash dagilimi ve Sujatha dagilimini igeren
iki parametreli Sujatha dagilimi (NTPSD) nerilmistir. Parametrelerin farkli degerleri igin olasi-
ik yogunluk fonksiyonunun sekilleri aragtirilmistir. Degisim katsayisi, ¢arpiklik, basiklik, dagi-
lim indeksi, 6lim hiz1 fonksiyonu, ortalama artik yasam fonksiyonu, stokastik siralama, ortalama
sapmalar, Bonferroni ve Lorenz egrileri ve stress-dayaniklilik giivenirliligini iceren, dagilimin is-
tatistiksel 6zellikleri ele alinmigtir. Moment ve en gok olabilirlik yéntemini kullanarak parametre
tahminleri tartigtlmistir. Tki gergek yasam verisi ile dagilimin uygulamasi ele alinmis ve uyum
iyiligi bir parametreli iistel, Lindley ve Sujatha dagilimi ve iki parametreli Sujatha dagilimina gore
oldukga tatmin edici bulunmugtur.

Anahtar Kelimeler: Sujatha dagilimi; Akash dagilimi; momentler; parametre tahminleri;
uygulamalar

hanker (2016a) proposed a one parameter lifetime distribution named
Sujatha defined by its probability density function (pdf) and cumula-
tive distribution function (cdf)!
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where @ is a scale parameter. Shanker (2016a) has introduced this distribution as a convex combination
of exponential &, a gamma (2,6) and a gamma (3,6) distributions for modeling of lifetime data.' It has
been found that Sujatha distribution gives better fit than exponential distribution and Lindley distribution
proposed by Lindley (1958).?

The first four moments about origin and central moments of Sujatha distribution obtained by Shanker
(2016a) are!
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Shanker (2016a) has discussed its important statistical properties including shapes of density function for
varying values of parameters, hazard rate function, mean residual life function, stochastic ordering, mean
deviations, Bonferroni and Lorenz curves, and stress-strength reliability.! Shanker (2016a) has discussed
the maximum likelihood estimation of parameter and showed the applications of Sujatha distribution
to model lifetime data from biomedical science and engineering.! Shanker (2016b) has introduced Po-
isson- Sujatha distribution (PSD), a Poisson mixture of Sujatha distribution, and studied its properties,
estimation of parameter and applications to model count data.® Shanker and Hagos (2015) have discussed
zero-truncated Poisson- Sujatha distribution (ZTPSD) and applications for modeling count data excluding
zero counts.* Shanker and Hagos (2016) have also studied size-biased Poisson- Sujatha distribution and its
applications for count data excluding zero counts.’

Shanker (2015) introduced Akash distribution having parameter 6 and defined by its pdf®

3
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Akash distribution is a convex combination of exponential () and a gamma (3, @) distributions. Shanker
(2015) has discussed its statistical properties including shapes of pdf shapes of pdf, coefficient of variation,
skewness, kurtosis, index of dispersion, hazard rate function, mean residual function, stress-strength reli-
ability, distribution of order statistics, mean deviations, stochastic ordering, and Boneferroni and Lorenz
curves , some among others. The estimation of parameter using maximum likelihood has been discussed
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by Shanker (2015).° Shanker (2015) has also discussed the applications of Akash distribution for modeling
lifetime data from engineering and biomedical science and established its superiority over exponential and
Lindley distribution.®

Recently, Mussie and Shanker (2018) proposed a two-parameter Sujatha distribution (TPSD) defined by
is pdf”’

3
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Mussie and Shanker (2018) have discussed various statistical properties, estimation of parameters and
application of TPSD.

In this paper, a new two-parameter Sujatha distribution (NTPSD), which includes Akash distribution and
Sujatha distribution as special cases, has been proposed. Itsmoments and moments based measures have
been discussed. Statistical properties including skewness, kurtosis, index of dispersion, hazard rate fun-
ction, mean residual life function, stochastic ordering, mean deviations, Bonferroni and Lorenz curves,
stress-strength reliability have been discussed. The estimation of the parameters has been discussed using
methods of moments and method of maximum likelihood. Two numerical examples have been presented
to test the goodness of fit of NTPSD over one parameter exponential, Lindley and Sujatha distributions
and TPSD.

I ANEW TWO-PARAMETER SUJATHA DISTRIBUTION

A new two-parameter Sujatha distribution (NTPSD) having parameters € and ¢ can be defined by its
pdf.

3
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where @ is a scale parameter and ¢r is a shape parameter. It reduces to Sujatha distribution (1.1) and
Akash distribution (1.3) for = 1 and o= 0 respectively. Like Sujatha distribution (1.1) and TPSD (1.4),
NTPSD (2.1) is also a convex combination of exponential ( @), gamma (2, ) and gamma (3, @) distribu-
tions as follow

fi(x0.0)=p, g (x:0)+p, & (x:60,2)+(1-p,—p,) & (x:6,3) (2.2)
where
p1:92+i9+2’ pz:92+0;f9+2’ 8 (x0)=6e": x>0,6>0

6’ , 6’
gz(x;9,2)=me’9*x24;x>0, 0>0, g,(x:6,3)= o) ey x>0,0>0.
The cdf of NTPSD (2.1) can be expressed as
Fz(x,é?,a):l—{1+ex(?x+a0+2)}e‘gx;x>0,0>0,a>0 (23)
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Behaviors of the pdf and the cdf of NTPSD for various combination of parameters § and ¢ are shown in

figures 1 and 2 respectively.
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FIGURE 1: Behavior of the pdf of NTPSD for various combination of parameters ¢ and .
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FIGURE 2: Behavior of the cdf of NTPSD for various combination of parameters & and o
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I STATISTICAL CONSTANTS AND RELATED MEASURES
The r th moment about origin of NTPSD can be expressed as

, @ +(r+1)ab+(r+1)(r+2)}
o ¢ (6" +6+2)

yr=1,2,3,... (3.1)

The first four moments about origin of NTPSD are obtained as
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The relationship between moments about the mean and moments about the origin gives the moments
about mean of NTPSD as
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The coefficients of variation (C.V), skewness ( / B, ) kurtosis ( B, ) and index of dispersion (7/) of NTPSD
are thus obtained as
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It can be easily verified that these statistical constants of NTPSD reduce to the corresponding statistical
constants of Sujatha distribution and Akash at ¢ =1 and o =0 respectively.

The behaviors of C.V., \/,Bl , ﬂz and ¥, for various combination of parameters 6 and & have been
shown numerically in tables 1, 2, 3, and 4

For a given value of &, C.V increases as the value of @ increases. Similarly for value 0<6<0.5 C.V
increases as the value of ¢y increases .But for values 1 <@ <5, C.V decreases as the value of & increases.

Since /4 >0, NTPSD is always positively skewed, and this means that NTPSD is a suitable model for

positively skewed lifetime data.

TABLE 1: C.V. of NTPSD for various combination of parameters & and ¢ .

a (4 0.2 0.5 1 2 3 4 5
0.2 0.592108 0.646393 0.767777 0.942081 1.007743 1.025809 1.028072
05 0.596998 0.653155 0.765466 0.920447 0.983663 1.005900 1.012842
1 0.604466 0.662392 0.761739 0.892143 095119 0977525 0.989835
2 0.617257 0.675561 0.755148 0.853461 0.904948 0.934118 0.95194
3 0.627771 0.68427 0.749753 0.828221 0.873548 0.902632 0.922559
4 0.636530 0.690291 0.745356 0.810435 0.850803 0.878801 0.899315
5 0.643909 0.694600 0.741736 0.797217 0.833556 0.860148 0.880533

TABLE 2: Coefficient of skewness (\/Fl ) of NTPSD for various combination of parameters @ and ¢.

o 0 0.2 05 1 2 3 4 5
02 1.135896 1.007674 1.186213 1.592857 1.872351 2007995 2.064315
05 1.138983 1.116957 1.21277 1567307 1.810817 1.938183 1.999736
1 1.145006 1.145839 1.247611 1.535588 1.733747 1.848046 1.912879
2 1.158918 1.192975 1.204584 1.496069 1,635857 1.728229 1.790774
3 1173717 1.229048 1.324052 1.473222 1577689 1.653369 1.710061
4 1.188372 1.257088 1.343787 1.458796 1540048 1.603006 1.653482
5 1.202394 1.279255 1.357664 1.449096 1514195 1.612083 1.612083

TABLE 3: Coefficient of kurtosis ( ﬁz) of NTPSD for various combination of parameters € and c.

o o 0.2 0.5 1 2 3 4 5
02 4.953644 4.81737 4915277 6.342026 7.840435 8.778639 9.257092
05 4.96005 4.865924 5.022933 6.283795 7.545203 8.3676 8.832468
1 4.973635 4.944566 5170213 6.21499 7.193906 7.868405 8.297711
2 5.008243 5.087074 5.380592 6.135306 6.779046 7.260076 7.61302
3 5.048363 5207486 5.520332 6.092757 6.550496 6.912737 7.202118
4 5.090687 5.307836 5.617728 6.067446 6.410449 6.693844 6.933765
5 5.133284 5.391435 5.688264 6.051201 6.318161 6.546286 6.747854
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TABLE 4: Index of dispersion ( 5).of NTPSD for various combination of parameters & and cr.
o (4 0.2 0.5 1 2 3 4 5
02 5157743 2.203584 1363176 0.748843 0472754 0.330238 0.249134
05 5.196202 2303704 1339286 0.72619 0.464444 0328846 0.250377
1 5.252329 2313480 1305556 0696429 0452381 0.325758 0.251067
2 5.340332 2317016 1.254545 0.655556 0433551 0318826 0.249815
3 5.403901 2309910 1217949 0628788 0419697 0312319 0247229
4 5.449819 2.208422 1190476 060989 0409142 0.306645 0.244351
5 5482783 2.285380 1169118 0595833 0400855 0.301783 0.241548

Since f3, >3, NTPSD is always leptokurtic, which means that NTPSD is more peaked than the normal
curve. Thus NTPSD is suitable for lifetime data which are leptokurtic.

As long as 0<@<landO<a <5, the nature of NTPSD is over dispersed (O‘ 2> ,ul') and for
1<@<5and0< <35, the nature of TPSD is over dispersed (o‘2 < Iul’) .

The behavior of C.V., \/ 5, , B, and 7, for selected values of parameters & and ¢ are shown in figure3.

I RELIABILITY PROPERTIES
HAZARD RATE FUNCTION AND MEAN RESIDUAL LIFE FUNCTION

Let X be a continuous random variable with pdf f (x) and cdf F (x).The hazard rate function (also
known as failure rate function), h( x) and the mean residual function, m(x) of X are respectively de-
fined as
X<x+Ax|X>x X
h(x)=lim P | ): /(%)
Ax—0 Ax 1-F (x)

andm(x)=E[X —x|X >x]=T1()C)I:[1—F(t)] dt

The corresponding, h( x) and m(x) of NTPSD (2.1) are thus obtained as

W) 63(1+0{x+x2)
* _92(1+0(x+x2)+26x+0{0+2
g m(x)= 6> +af+2 N L o6rrad+2) |,
an =
[(92+0{9+2)+9x(9x+0{9+2)}e‘6" x 0> +af+2

| O+ 0(a0+4) x+ (6" +200+6)
B 0[6’2x2 +0(a6+2) x+(6° +0a9+2)}
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The expression for h(x) and m(x) of NTPSD reduce to the corresponding A(x) and m(x) of Sujatha
distribution at & =1. Behaviors of h(x) and m(x) of NTPSD (2.1) for various combination of parame-
ters are shown in figures 4 and 5 respectively.
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FIGURE 5: Behavior of m ( x) of NTPSD for various combinations of parameters 6 and .

It is obvious that /(x) is monotonically increasing function of x,6and & where as m(x) is monotonical-
ly decreasing function of x,fand «.
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STOCHASTIC ORDERING

A random variable X is said to be smaller than a random variable Y in the
(i) stochastic order ( X<, Y) if F (x) > Fy (x) for all x

(ii) hazard rate order (X <, Y) if p (x) > hy (x) for all x

(iii) mean residual life order (X < Y) if m (x) < m, (x) forall x
£.(3)
£, (%)

The following results due to Shaked and Shanthikumar (1994) are well known for establishing stochastic

decreases in X

(iv) likelihood ratio order (X <), Y) if

ordering of distributions®
X<, Y= X<, Y= X< Y

XS5ty

The NTPSD (2.1) is ordered with respect to the strongest “likelihood ratio” ordering as expressed in the
following theorem:

Theorem: Suppose X ~NTPSD(6,,¢;) and Y ~ NTPSD(6,,,). 1f 6,>6, and &, =, (or
6,=6,and o, 2, )then X <, Y andbence X <, ¥V, X<, YandX < Y.
Proof: We have

fX ('x;el’al) _ 613 (622 +a262 +2)(1+alx+ _x2 Je_(gl_gz)x'

fy(u6.0) 6, (67 +a6,+2) \ 1+ opx+x°

: 6’ (0, +,6,+2 2
In Jx (X,el,al) —In 13( 22 20 ) N n(1+0(1x+x2j_(61_92)x
fy(X;ez,az) 92> (91 +0[191+2) 1+0!2x+x

d fi(x6a) (g-o)-(4-a)r
This gives —In = (6 -6,).
BEYE i f (n6,,) (1+ax+x7)(1+ ox+x7) (6-6,)

iln fy (x:6.0)

<0.
dx  f, (x;l92,0(2)

Thus, for (191 > 92 ElrldO!1 2052) or (0{1 >, and 91 :(92)

This means that X <, Y andbence X <, Y, X < Y and X < Y. This shows the flexibility of NT-
PSD over Sujatha distribution and Akash distribution.

STRESS-STRENGTH RELIABILITY

Stress-strength reliability of a component shows the life of the component. When the stress of the com-
ponent applied to it exceeds the strength X of the component, the component fails immediately and the
component will function satisfactorily till X >Y . Thus, R = P(Y < X ) is a measure of the component
reliability and is known as stress-strength reliability. It has applications including medical science, engine-
ering, demography, economics, etc.
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Suppose X and Y be independent strength and stress random variables having NTPSD (2.1) with parameters
(6’] , O ) and (6’2 NA ) , respectively. Then, the stress-strength reliability R of NTPSD (2.1) can be obtained as

R=P(Y<X)=]:P(Y<X|X=x)fx(x)dx
T x 0, o, (36;192!0(2 )dx

(60 +(aq+0, +46,+1)6 +(aqa, +30,6,+ 40,6, + 66, + 204, +36, +8) 6;
+(3040,6,+30,6; +60,6; +46, +40,6,+36; +180, + 201, +226, +12) 6,
+(30,0,0] + 046} + 40,6, + 6, +20,6] +6° +260,6, + 40,6, + 226, +126, +52)6;

+(0,0,0} + 0,8, +100,6, + 20,6, +106] +32) 6,6, +2(6 + 4,6, +2)6;
=1-—=L E
(607 + 2,6, +2)(6; + 2,0, +2)(6,+6,)

It can be easily verified that the stress-strength reliability of Sujatha distribution is a special case of
stress-strength reliability of NTPSD at ¢, = ¢, =1.

I STATISTICAL PROPERTIES
MEAN DEVIATIONS

The mean deviation about the mean and the mean deviation about the median are defined as
6 (X)= J.:|x—,u|f(x)dx and J,(X) _[ |x—M|f (x)dx, respectively.

where (/= E(X) and M = Median(X ). The measures & (X ) and J,(X) can be calculated using
the following relationships

8, (X )=2uF (u)=2[" xf (x)dx (5.1.1)
and
52(X)=,u—2IOfo(x)dx (5.1.2)

Using the pdf and expression for the mean of NTPSD, we get

[93 (,113 +oyl’ +,u)+492 (3/12 +20{y+1)+2¢9(3y+0{)+6]e“9"

(5.1.3)
6(6" +a6+2)

[(xfi(x0,0)dr=pu-

[63(M3+aM2+M)+02(3M2+20{M +1)+29(3M+0()+6]e‘9M
6(6° +ab+2)

J.Ofo4(x;0,0{)dx:,Lt— (5.1.4)

Using expressions from (5.1.1), (5.1.2), (5.1.3) and (5.1.4) and after some tedious algebraic simplifica-
tions, &, (X) and 8, (X) of NTPSD are expressed as
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2[92 (27 +a,u+1)+20(2,u+a)+6]e‘9”

(5.1.5)
9(92 +a9+2)

g (X)=

2[ 6 (M>+aM* + M )+6° (3M° +2aM +1)+260(3M +a)+6 |
5, (X)= : — U (5.1.6)
0(6° +ab +2)
BONFERRONI AND LORENZ CURVES AND INDICES

The Bonferroni and Lorenz curves and Bonferroni and Gini indices given by Bonferroni (1930) have app-
lications almost every fields of knowledge including economics to study income and poverty, reliability,
demography and medical science (Bonferroni CE. Elementi di Statistica Generale. Firenze: Seeber; 1930).

The Bonferroni and Lorenz curves can be expressed as

17 1|7 I 1 T
B(p)=—-|xf(x)dx=—"1||xf(x)dx—|xf(x)dx |=—| u—|xf(x)dx 521
(P)=— s Wh(){()}pﬂ{gm} 520
1% 1|7 T 1 T
and L(p):—jxf(x)dxz— J‘xf(x)dx—jxf(x)dx =— ,u—_[xf(x)dx (5.2.2)
My M| 4 H 4
Also these can be expressed as
B(p)—LTF“(x)dx (5.2.3)
PH -
1r
and L(p)=—J.F (X) dx (5.2.4)
M
respectively, where ﬂ:E(X) and g = F! (p)
The Bonferroni and Gini indices are expressed as
1
B=1-B(p) dp (5.2.5)
0
1
and G=1-2[L(p) dp (5.2.6)
0
respectively.
Using pdf of NTPSD (2.1), we get
> 6 (¢ +aq*+q)+6* (3¢ +2aq+1)+20(3g+a)+6; e
Ixﬂ(x;ﬁ,a)dx={ ( Jrol - J+26( ) } (5.2.7)
g 6(6° +2a6+6)
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Using equations (5.2.7), (5.2.1) and (5.2.2), we get

[ {06 v +a)+0° (3 + 2aq +1)+20(3 + ) 6]
B(P)—; 1= 6> +200+6

(5.2.8)

{6 (4" +aq’ +q)+6 (34" +20q+1)+20(3g+ @) +6}

and
L(p)=1-
(p) 0 +200+6

(5.2.9)

Using equations (5.2.8) and (5.2.9) in (5.2.5) and (5.2.6), the Bonferroni and Gini indices of NTPSD (2.1)
are obtained as

{93 (¢’ +aq’ +49)+6 (3¢ +2aq+1)+2(9(3q+0()+6} e
0’ +206+6

B=1- (5.2.10)

2067 (¢ +aq* +q) +6* (3¢* +29+1)+20(3¢ + @) + 6]
0> +2000+6
I ESTIMATION OF PARAMETERS

In this section, the estimations of parameters of NTPSD using method of moments and method of maxi-
mum likelihood have been discussed.

METHOD OF MOMENT ESTIMATES (MOME)

Equating the population mean to the sample mean, we have

G=-1+ (5.2.11)

6> +200+6 0> +0b+2 . o+ 4

T (0 vab+2) 6(67+ab+2) 6(6"+ab+2)
1. af+4
XY=t
6 60(6°+ab+2)
o+4
(6" +ab+2)= Z;l (6.1.1)

Again equating the second population moment with the corresponding sample moment, we have

, 2(6°+3060+12) 2(6°+a0+2)  4(a0+5)
T (0 ran+2) 6 (0 +ab+2) @ (6 +ab+2)

r 2 + 4(a9+5)
0 6°(6°+ab+2)
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X 4(a6+5)
@ +af+2=—""—" (6.1.2)
m, 6> -2

Equations (6.1.1) and (6.1.2) give the following cubic equation in & as
am2’¢93+4(m2’—a7c)¢92—2(1oz—a)9+12=o (6.13)

Solving equation (6.1.3) using any iterative method such as Newton-Raphson method, Regula-Falsi met-
hod or Bisection method, method of moment estimation (MOME) @ of @ can be obtained and substitu-
ting the value of @ in equation (6.1.1), MOME ¢ of ¢ can be obtained as

%(0) ~2x-6)6+6

- (6.1.4)
0Ox-2)

a=

MAXIMUM LIKELIHOOD ESTIMATES (MLE’S)

Suppose (xl 2 Xy, X5, ...xn) be random sample from NTPSD (2.1). The log likelihood function is thus obta-
ined as

InL=n[3In6-In(¢’ +a’6’+2)]+i1n(1+0{xi +x7)-nox

i=1

The maximum likelihood estimate (MLE’s) (é, &) of (6,) are then the solutions of the following
non-linear equations

dnL _3n_n(20+a) o

nx =0
6 6 6 +ub+2 (6.2.1)
dlnL n@ & X,
= — ! =0
oo 6 +ab+2 ;Haxi +x (6.2.2)

These two log likelihood equations cannot be expressed in closed forms and hence seems difficult to solve
directly. The (MLE’s) (é, &) of (6,0) can be computed directly by solving the log likelihood equation
using Newton-Raphson iteration available in R-software till suﬂjciently close values of é and @ are obta-
ined. The initial values of parameters 6 and o are the MOME (€, &) of the parameters (6, ).

DATA ANALYSIS

In this section the applications of NTPSD have been discussed using maximum likelihood estimates of
parameters with two real lifetime datasets. The first dataset is the waiting time (in minutes) of customers
before service in a bank and the second dataset is the relief time (in minutes) of patients receiving anal-
gesic. The main purpose of considering these two datasets are that previously one parameter exponenti-
al, Lindley and Sujatha distributions and two-parameter Sujatha distribution (TPSD) have been used to
model these datasets. Since exponential, Lindley, Sujatha and TPSD are related to NTPSD, it is expected
that NTPSD will provide a better fit for these datasets over the considered distributions. Although the
suitability of NTPSD has been tested with several lifetime datasets, but only two examples are provided.
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Data set 1: This data set is used by Ghitany et al (2008) for fitting the Lindley (1958) distribution®’

0.8, 0.8, 1.3, 1.5, 1.8, 1.9, 1.9, 2.1, 2.6, 2.7, 2.9, 3.1, 3.2,
3.3, 35, 3.6, 4.0, 4.1, 4.2, 4.2, 4.3, 4.3, 4.4, 4.4, 4.6, 4.7,
47, 48, 4.9, 49, 5.0, 5.3, 5.5, 5.7, 5.7, 6.1, 6.2, 6.2, 6.2,
6.3, 6.7, 6.9, 7.1, 7.1, 7.1, 7.1, 7.4, 7.6, 7.7, 8.0, 8.2, 8.6,
8.6, 8.6, 8.8, 8.8, 8.9, 8.9, 9.5, 9.6, 9.7, 9.8, 10.7, 109, 11.0,
11.0, 11.1, 11.2, 11.2, 115, 119, 124, 125, 129, 13.0, 13.1, 133, 13.6,
13.7, 139, 14.1, 154, 154, 173, 17.3, 181, 182, 18.4, 189, 19.0, 19.9,
20.6, 213, 214, 219, 230, 270, 31.6, 331, 385

Data set 2: This data set is available in Gross and Clark (1975, P. 105).1°

1.1 1.4 1.3 1.7 1.9 1.8 1.6 2.2 1.7 2.7 4.1 1.8 1.5
1.2 1.4 3 1.7 2.3 1.6

The values of —21In L,AIC (Akaike Information Criterion) and K-S Statistic ( Kolmogorov-Smirnov Sta-
tistic) for the above data sets have been computed for the considered distributions. The formulae for

computing AIC and K-S Statistics are
AIC=-2InL+2k, BIC=-2InL+kInn and K-S=Sup

. E, (x) —F (x)| , where k = the number of
parameters, 1 = the sample size, and the F, (x) = empirical distribution function. The best distribution
corresponds to lower values of —21n L, AIC, and K-S statistic. The MLE (9, a ) along with their standard
errors, S.E (é, o ) ,—21In L, AIC, K-S Statistic and p-value of the fitted distributions are presented in the
Table 5.

Since the —21In L, AIC and K-S are minimum for NTPSD, it is obvious that NTPSD is the best among the
considered distributions.

TABLE5: MLE’s, S.E (49, 07) ,—2In L, AIC, and K-S Statistics and P-value of the fitted distributions of the given
datasets.
Data set Distribution MLE’s S.E —2InL AlC K-S P-value
6=0.2242 0.0285
NTPSD iy g 634.86 638.86 0.0465 0.9822
6=0.2794 0.0200
1 TPSD i1 0647 23691 639.29 643.29 0.0795 0.5525
Sujatha 6=0.2846 0.0163 639.64 641.64 0.0884 0.4147
Lindley 6=0.1866 0.0133 638.07 640.07 0.0677 0.7494
Exponential 6=0.1012 0.0101 658.04 660.04 0.1730 0.0050
6=1.0590 0.1647
NTPSD 4 49,4700 69,7644 52.74 56.74 0.3243 0.0298
6=0.5880 0.1404
) TPSD e 108,480 e 66.50 70.50 0.4477 0.0007
Sujatha 6=1.1367 0.1498 57.50 59.50 0.3590 0.0116
Lindley 6=0.8161 0.1361 60.50 62.50 0.3911 0.0044
Exponential 6=05263 0.1177 65.67 67.67 0.4395 0.0009
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I CONCLUDING REMARKS

A new two-parameter Sujatha distribution (NTPSD) has been introduced which includes Akash dist-
ribution and Sujatha distribution as particular cases. Raw moments and central moments of NTPSD
have been derived. The behaviors of coefficient of variation, coefficient of skewness, coefficient of
kurtosis and index of dispersion of NTPSD have been studied with various combinations of parame-
ters. Behaviors of hazard rate function and mean residual life function of NTPSD have been studied
with varying values of the parameters. The stochastic ordering, mean deviations, Bonferroni and
Lorenz curves, and stress-strength reliability of NTPSD have also been discussed. The estimation
of parameters have been discussed with two well-known methods namely method of moment and
the method of maximum. Two examples of real lifetime datasets have been presented to show the
applications and goodness of fit of NTPSD over one parameter exponential, Lindley and Sujatha dist-
ributions and TPSD. The values of -2InZ, AIC, K-S and p-values of the distributions shows that NT-
PSD gives much better fit. Therefore, NTPSD can be thought of an essential two-parameter lifetime
distribution for modeling real lifetime data.
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