EUROPEAN JOURNAL OF PURE AND APPLIED MATHEMATICS
Vol. 15, No. 3, 2022, 1280-1300
ISSN  1307-5543 — ejpam.com
Published by New York Business Global

A New Sushila Distribution: Properties and
Applications

Somchit Boonthiem?!, Adisak Moumeesri?, Watcharin Klongdee?,
Weenakorn Ieosanurak?*
L Mathematics and Statistics Program, Sakon Nakhon Rajabhat University, Sakon Nakhon,

Thailand
2 Department of Mathematics, Faculty of Science, Khon Kaen University, Thailand

Abstract. In this paper, we introduce a new continuous distribution mixing exponential and
gamma distributions, called new Sushila distribution. We derive some properties of the distribution
include: probability density function, cumulative distribution function, expected value, moments
about the origin, coefficient of variation (C.V.), coefficient of skewness, coefficient of kurtosis,
moment generating function, and reliability measures. The distribution includes, a special cases,
the Sushila distribution as a particular case p = % (0 = 1). The hazard rate function exhibits
increasing. The parameter estimations as the moment estimation (ME), the maximum likelihood
estimation (MLE), nonlinear least squares methods, and genetic algorithm (GA) are proposed.
The application is presented to show that model to fit for waiting time and survival time data.
Numerical results compare ME, MLE, weighted least squares (WLS), unweighted least squares
(UWLS), and GA. The results conclude that GA method is better performance than the others for
iterative methods. Although, ME is not the best estimate, ME is a fast estimate, because it is not
an iterative method. Moreover, The proposed distribution has been compared with Lindley and
Sushila distributions to a waiting time data set. The result shows that the proposed distribution
is performing better than Lindley and Sushila distribution.
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1. Introduction

Finite mixture models are a widespread tool to heterogeneous data analytic for across a
broad number of fields including agriculture, botany, bioinformatics, cell biology, genetics,
genomics, genealogy, paleontology, zoology, fisheries research, economics, machine learn-
ing, medicine, psychology, insurance, physics, engineering and chemistry, among many

*Corresponding author.

DOI: https://doi.org/10.29020/nybg.ejpam.v15i3.4420

Email addresses: somchit math@snru.ac.th (S. Boonthiem), adisak.m@kkumail.com (A. Moumeesri),
kwatch@kku.ac.th (W. Klongdee), weenie@kku.ac.th (W. Ieosanurak)

https://www.ejpam.com 1280 © 2022 EJPAM All rights reserved.



W. Ieosanurak et al. / Eur. J. Pure Appl. Math, 15 (3) (2022), 1280-1300 1281

others. Because of their flexibility, finite mixture models can be used to cluster data,
classify data, estimate densities, and increasingly.

An enormous number of research have presented some approaches into finite mixture
models and many methods to fitting lifetime data for improve performance of parameters
are used. The Bayesian approach is used into [17-20, 22, 23, 25]. The Maximum Likelihood
Estimation approach is used into [7, 8, 10, 21, 23-25]. The Least Square Estimator and
Weighted Least Square Estimator are used into [7, 10, 21]. The Lagrangian multiplier
approach is used into [5] and the ARMA approach is used into [9]. There are focus on the
parameter estimation which is important to bring into the next step on application.

A continuous random variable X which is called to have an exponential distribution
with one parameter A > 0, often called rate parameter, denoted by X ~ Exp(\). The
probability density function (PDF) of the distribution is given by

flzA) =Xxe™™, z>0,
and the cumulative distribution function (CDF), has been obtained as
F(z)=1— e, z>0.

A continuous random variable X is called to have a gamma distribution with two
parameters a > 0, often called shape parameter, and A > 0, often called rate parameter,
denoted by X ~ Gamma(a, A). The PDF of the distribution is given by

)\aa:aflef)\x

flzso, ) = W’

x>0,
where I'(«) is gamma function. We can see that Gamma(1,\) = Exp()\). Its CDF is given
by

F(z)= F(la)y(oz, Az), x>0.

where (o, Ax) is the lower incomplete gamma function.

There are studies that have used exponential, Lindley and gamma distributions to
be used for modeling lifetime data. A two-parameter Lindley distribution is proposed
by modifying the mixing weight of exponential and gamma [6, 11-16]. They proposed a
two-parameter distribution by modifying the mixing weight of Exp(g) and Gamma(2, %)

A continuous random variable X is called to have Sushila distribution (SD) [16] with
two parameters § > 0 and « > 0, denoted by X ~ SD(a, 6). The PDF of the distribution
is given by

2

f(z;0,0) =

Its CDF is given by
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The PDF of Sushila distribution can be shown as a mixture of Exp(g) and Gamma(2, g)

as follows:

f(xvaﬂg) :pfl(x) + (1 —p)f2($),

2
Hil,fl(:r:) = ge_gm, and fo(z) = %me‘gm.

In this paper, we focus on the Sushila distribution. The distribution is mixed by
exponential and gamma distributions. Sushila distribution therefore pays attention to the
weight value for exponential distribution. Notice that the gamma distribution has two
parameters that provide a flexible model to fit the reliability data. For this reason, we pay
attention to the weight value for gamma distribution. The main aim of this paper is to

study a two-parameter (6 > 0 and o > 0) continuous distribution is introduced as follows:

f(@,a,0) = (1= p)fi(z) + pfa(z).

where p =

Its CDF, expected value, first four moments, and some of the related measures have been
proposed.

The paper is organized as follows. We define new Sushila distribution and its properties
in Section 2. The moments, generating function, and related measures are derived in
Section 3. The reliability measures, like survival function, hazard function, and mean
residual life function for new Sushila distribution in Section 4. Five methods of estimation
are discussed in Section 5. The numerical simulation and comparison are given to the
proposed methods in Section 6. Conclusion is discussed in Section 7.

2. Definition and Properties of the new Sushila Distribution

In this section, we introduce a continuous distribution with two parameters o and 6,
called new Sushila distribution. The PDF of new Sushila distribution can be shown as a
mixture of Exp (£) and Gamma(2, £) distributions as follows:

fla;0,0) = (1 = p)fi(x) + pfa(), (1)

0

2
fi(z) = ge—%{ and fo(z) = (Z) S

where p = ey

Definition 1. A continuous random variable X is said to be a new Sushila distribution
random variable with two parameters o and 0, its PDF is given by

0(a+ 92x)67§x

f(x;aae): a2(9+1) s

forall x>0,a>0,0>0. (2)

Probability plots of new Sushila distribution are given in Figure 1 for particular values
of @ and 0. From Figure 1, we can see that new Sushila distribution is a light-tailed
distribution and the tail approaches to zero at a faster rate for lower values of . It is
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Figure 1: Plots of the PDF of new Sushila distribution for various parameter values.

evident from the density plots of new Sushila distribution that the distribution is most
likely to appropriately model those data sets where the observations of lower magnitude
appear more frequently than that of the higher magnitude values. Such data sets are
waiting time, claim and lifetime.

The first derivative of Equation (2) with respect to x is obtained as

d 0%(af) — o — 9233)6_396
= . 0) = . 3
Now, based on Equation (3), we obtain,
0—1 6 —
1. f'(z) = 0 gives z = 04(02) as the critical point. For 8 > 1,x¢ = o 02 ) is the

unique critical point at which f(x) is maximum.
2. for < 1, f'(z) <0ie. f(z) is decreasing in z.
Therefore, the mode of the distribution (2) is given by

ad —1)

Mode = 62
0 otherwise.

if g >1,

Next, we obtain the cumulative distribution function of new Sushila distribution as follows.

Theorem 1. The cumulative distribution function (CDF) of new Sushila distribution is
given by

(af + a+ 921‘)6_%z

Flo)=1- al0+1) ’

x>0,0>0,a>0. (4)
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Proof. For all x > 0, > 0 and 6 > 0,
consider

F(z)=P(X <)

=1-P(X >x)
) 20\, — 2t
_1_/ 0o+ 6%t)e it
- a?(0+1)
(@b + o+ 02.%')6_%90
—1—
a(@+1)

The CDF plots of new Sushila distribution are given in Figure 2 for particular values
of a and 6.
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Figure 2: Plots of the CDF of new Sushila distribution for various parameter values.

3. Moments, Generating function and Related Measures
In this section, we derive the r** moment about origin, moment generating function,
the coefficient of variation, coefficient of skewness, and coefficient of kurtosis.

Theorem 2. The r* moment about the origin of new Sushila distribution is defined by,
1AT
,  rla”[(r+1)8 + 1]
= =1,2,3,....
IU’T er(e + 1) ) r ) b b
Proof. By definition, for r = 1,2, ..., the moment about origin, y.. is obtained as,

©  Oa+ 92$)e—§r
!/ :EXT — T d
o= Bl = [T
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0 o r —94 3 Oorl—gl‘
:a2(9+1)[/0 aweadw—l-ﬁ/o $+ead$}

0 20\ faNT _o, s [0\ raN o,
e () G et [T ()7 (5) et
1 O/H_l ar—l—l
_ T(r+1)+ S T(r+2
a(9+1)< U R TR ))

o't 7! 1
= a0+ D) (m =10 1)!>
rla”[(r +1)0 4 1]
RS

The first four moments about origin of new Sushila distribution can be obtained as:

,a2041)  ,  2a%30+1) , 6a340+1) ,  24a*(50+1)
Bo+1) M e+

M= %0+ "7 2o+ BT
In particular, the 15* moment about origin take the form,

B a(204+1)
uw=E[X]= 05D

Using the relationship between moments about mean and the moments about the origin,
we have the moment about mean as the following theorem.

Theorem 3. The first four moments about mean of new Sushila distribution is defined
by,

a?(20% + 460 + 1)

W= e
203(26°% + 66% + 60 + 1)
3 = FBO+1) ;
3at(80* + 32602 + 4462 + 246 + 3)
pa = 030+ 1) '

Proof. For x > 0, > 0 and 6 > 0.
Consider

p2 = B|(X — p)?
= BIX?] -y
C22230+1)  [a(204+1)\?
o200+ 1) ( 0(0+1) )
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_ a?(20% 4+ 40+ 1)
20 +1)2

ps = BIX°] = 3uB[X?] + 24°
20230 +1)  _a(20+1) [2042(39—1— 1)] [a(%?—i- 1)]3
020+1) " 00+1) | 02(0+1) 0(0 +1)
_20°(26° + 662 + 66 + 1)
B 03(0 +1)3 ’

pa = E[(X — p)’]
= E[X*Y] — 4uE[X?] + 62 E[X?] — 3u*
_ Aa(B0+1) <a<26+ 1)) <6a3<4e+ 1)>

040 +1) 0(60+1) 630+ 1)

a(20+1)\? (202(30 + 1) a(20 +1)\*
+ 6 -3 -

00+ 1) 6%2(60 +1) 060+ 1)
_ 3at(86" + 3267 + 4467 + 240 + 3)
N 640+ 1)4 '

In particular, the 2°¢ moment about the mean is variance that is,
5 a?(20% + 40 + 1)
o= H2= 2 2
02(0+ 1)

The coefficient of variation (C.V.), coefficient of skewness (1/f1), and coefficient of
kurtosis (f82) of new Sushila are given by

o V20% + 40 + 1

CV= =
PR T 050+ 1)5120(0 + 2) + 1372
8 3(80* + 3203 + 4462 + 240 + 3)
2 =

(202 + 460 + 1)?

Now, we derive the moment generating function (MGF) of new Sushila distribution as
the following.

Theorem 4. The moment generating function Mx(t) of new Sushila distribution is de-
fined by

o 2_
Mx(t) = Ele"] = é&i;g 022, g > t.
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Proof.
0 & 0
_ tX] 2 (t=g)z
Mx (t) = E[e*?] a2(9+1)/0 (a+0z)e dx
2 3 b
_ 0 lim ala’t+al +af(@(xt —1)—1))+6 (—x)e(tfg)w
a?2(0+1) b—oo (0 — at)?

O(at + 0% — 0) 0
0+1)(0—at)?2 «

> .

4. Reliability Measures

In this section, we derive expressions for the reliability measures, like survival function,
hazard function, and mean residual life function for new Sushila distribution.

Theorem 5. Forx > 0,0 > 0,a > 0. The survival function S(z), the hazard rate function
h(z), and mean residual life function m(x) of new Sushila distribution is defined by,

~ (af+a+ 0%)67%’” _ O(a+6%)
S) = a@+1) ’ Mz) = alal + a+ 0%x)’
and
2 2
m(z) = af(0+1)(200 + a+ 6 :U)

o + o+ 0%z

Proof. By definition of the survival function, we have

S(x)=1—F(x)
0 02 7gx
_ (a +5(;+13;)6 ., 2>0,0>0,a>0.

By definition of the hazard rate function, we have

h(z) = lim P(X <z+ Az|X > x)
Az—0 Az
f(x)
1— F(z)
_ O(a+ %)
~ alaf + a+6%z)

By definition of the mean residual life function, we have

m(x) = E[X — z|X > x|
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1 oo
_I—F(x)/x (1— F(t))dt
(0 +1)(200 + a + 0%x)
B ab + a+ 6%z

gf_az = f(0) and m(0) = p}. The derivative
@

h'(z) > 0 for all z, so h(z) is an increasing function of x,« and 6, whereas m(z) is a
decreasing function of x, «a and 0.

It can be easily verified that h(0) =

5. Estimation of Parameters

In this section, we proposed five methods for estimating parameters. The first two
methods are the moment estimation (ME), the maximum likelihood estimates (MLE).
These methods are widely used for estimation because they are simple. The next two
methods are the weighted and unweighted least squares methods via the CDF. These
methods are more complicated than the first two methods, but the least squares are
better than in some situations. The last method is the genetic algorithm which is a
heuristic search that mimics the process of natural evolution. This method is an efficient
and effective technique.

5.1. The Moment Estimation (ME)

The new Sushila distribution has two parameters to be estimated. Using the first
moment about origin, we have

a(204+1)
BlX]= 660 +1)°
E[X]=X
We obtain,
o a(20+1)
X = 0(60 + 1)
So
.00+ 1)X
T )

Using the second moment about mean, we have

2(20% + 46+ 1)
— FIX? — 2:04(
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and

SO

1 < _ 20202 + 40 + 1
Lot xe = LA
n = 020 +1)

Iem 5 oo [(00+1)X\? (20 +40+1)
*in_X - 2 2
n 20+ 1) 02(0 + 1)

Solving this equation for 8, we get

B 1 n _ B 1 n
<2X2—nzx§> + | X2 <X2—2TLZ:L‘Z2>
=1 =

i=1

n

. 9 _
6 — ;=Y ap—3X2 0,
n
=1

2 — .
= af - 3x?
nizl

1289

where d,é are the estimators of the parameter 6 and «, respectively. This method will be

referred to as Method 1.

5.2. The Maximum Likelihood Estimates (MLE)

Let x1,29,...,x, be a random sample of size n from new Sushila distribution and let
fx be the observed frequency in the sample corresponding to X =z (x = 1,2, ..., k) such
that 22:1 fz = n, where k is the largest observed value having non-zero frequency. The

likelihood function, L of new Sushila distribution is given by

n k
_ 0 2 \fo _—0(ng)
L_<a2(0+1)) [T (+6%z) e :

=1

and so the log likelihood function is obtained as

nlT

k
log L = nlogf — 2nlog o — nlog(6 + 1) +folog(a+92x) -
a

=1
By differentiating Equation (5) with respect to € and «, is obtained by:

EﬂogL_O dlogL

00 ’ Ox 0-
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The equation (6) do not seem to be solved directly. However, the Fisher’s scoring method
can be applied to solve these equations. The following equations for # and & can be solved

0?logL  0%logL ) Olog L
962 900a | |00 90
?logL 0*logL| |& — oy Olog L
0af 0o Oa

where 0y and «q are the initial values of § and « respectively. These equations are solved
iteratively till sufficiently close estimates of # and & are obtained. This method will be
referred to as Method 2.

5.3. The Unweighted Least Squares (UWLS) Method via the CDF

Let X1, Xo,..., X, be n independent random variables having the new Sushila distri-
bution with parameters a and 6. Without loss of generality, suppose that X; < Xs <
-+ < X, are the order statistics and by taking the natural logarithm on the both sides of
Equation (4), we obtain that

log(F(gv))zlog<1—((Jée—'—OH_e%)e ), z,a,0 >0

a@+1)
0%z

= log ((Q—I— 1)—(0+1+ a)g‘if) —log(6 +1).

Let 0 < 1 < 29 < -+ < x, be n orders observations, then

02.’E7;

(0%

Ox;

)ea) —log(0+1), z,a,0>0.

log(F(x;)) = log ((0 +1)—(0+1+

Let the empirical distribution function of X be denoted by F,(x), By reference [4], the
estimator of F'(z;) can be considered

t—d

Fn i) = ;
(i) = 57T

i=1,2,...,n, (7)

for some real number d, 0 < d < 1. So, we choose four popular expressions (see also [1])
that are often used as estimators of F'(x;)

7 _
T k=1
i—0.3 _
n+0.4° k=2

Uik =

1—0.375 _
n+0.25 " k=3
i k=4,
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i=1,2,3,...,n and for some real number r € (0, 1).
We estimate o« and 6 by the unweighted least squares method, by using minimizing function

n

Bp(a,0) = <log(uik) — log <(9 +1) = (

i=1

92”")66?) +log(6 + 1)>2’ ®)

k=1,2,3,4. By solving

R -
Do k(a7 9)
0
B —
90 k(a79) 0
k=1,234.
We denoted by
bz; 9%1
Az, a,0) = xi(a+ 0 xl)log( T ( )+9+1>,
e
Bk(xi, a, (9) = :EZ'(Oé + 92561) (uzk)
C(zi, a,0) = a(6 + 1)(67 —1) — 6%,
z; 923;‘1
ziflog(uir) +log(6 + 1) — log(—e™ "o ( )+0+1)]

Dk($i7a7‘9) = Oz, a ’
O+ D[a@+1)(ea —1)— 02,

where & is the estimator of the parameter o with this method. Using some algebraic
manipulations, 6 satisfies the following equation:

n A($iaa79) Bk(xlaa 0)
2 Gy 8) 2 Clan o)
n Ti(a+ 0%x;)

izt C(x,a,0)

é:eXp —1,

and

n

Z 1)02%2; Dy (x4, o, 0)
Dk(acz, a, ) ’

=1
for k = 1,2,3,4. These four UWLS methods via u;;, k& = 1,2, 3,4, will be referred to as
Methods 3 through 6, respectively.
5.4. The Weighted Least Squares (WLS) Method via the CDF

Using the same weight for all datum can be erroneous [2], therefore, we weigh the
values in Equation (8) via a weighting factor. To find one of these factors we may use a
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variance stabilizing transformation. This approach, proposed by Bickel and Doksum [3]
relates the variance of log(u;), denoted by Var(log(uix)), to the uncertainty of u;; and
that we denote by Var(u;x). We obtain that

dlog(ui) \
Var(log(ui)) = (81%) Var(u),
which gives
1
Oug

)2 Var(u).

Therefore, we use w;;, as a weighting factor, denoted by w;r = u?k and minimizing function

Var(log(u) = (

921'1‘

(07

Ox;

)e‘a) + log(0 + 1)>2 ,

Eir(a,0) = Zwik <log(uik) —log <(9 +1)—-(O0+1+
i=1

k=1,2,3,4. By solving

0
0

k=1,2,3,4.
We denoted by

bz; 92.’£i

Az, 0,0) = zi(a + 6’2xi) log (—ea(
o

+O0+1)+0+ 1> ,
Bk(xi, (e (9) = xi(oz + 92%1’) log(uik),

C(I‘i, 04,9) - 04(0 + 1)(6% — ].) — 02331'7
bz; 92.1‘1'

zillog(uix) + log(d + 1) — log(—e™ = ( +0+4+1)+6+1)]
Dk (xia «, ‘9) - &

Ox;
O+ 1Da@+1)(ea —1)— 0%
where & is the estimator of the parameter o with this method. Using some algebraic
manipulations, 6 satisfies the following equation:

)

n A('xiaa,‘g) n Bk(xhaag)
é — ex Ei:l Wik Ck (:Uia Q, 0) Zi:l ik C(xh a, 0) -1
B p n a:i(oz + 921‘1) ’
Z, A S

i=1 Wik C(ajza «, 0)

and

I

. - (9 + 1)92xiwika(xi, a, 9)
‘= ; wika(xi,oe,Q)

for k = 1,2,3,4. These four WLS methods via u;,, k = 1,2,3,4 and weighting factors
w;k, will be referred to as Methods 7 through 10 respectively.
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5.5.

Genetic algorithm

In the genetic algorithm process is as follows:

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

Determine the number of chromosomes, generation, and mutation rate and crossover
rate value. The number of chromosomes is 2 (« and 6), the number of generations
is 10000, and the mutation rate is 0.3.

Generate chromosome-chromosome number of the population, and the initialization
value of the genes chromosome-chromosome with a random value

Process steps 4-7 until the number of generations is met

Evaluation of fitness value of chromosomes by calculating objective function. The
fitness values is defined by:

where ¢ is current chromosomes.

Chromosomes selection. We used the roulette wheel selection. The probability of
choosing individual 7 is equal to

fi
Zi]\i1 fz

where f; is the fitness value of ¢ and N is the size of the current generation.

pi =

Crossover. A point on both parents’ chromosomes is picked by chromosome 2.

Mutation. The chromosome i for ¢ = 1,2 are mutated as follows: we random
u; € (0,1), if u; < Mutation rate, then we mutated the chromosome i.

Solution (Best Chromosomes)

This method will be referred to as Method 11.

6. A simulated Study

In this section. We use two data sets to find the good parameter estimation. The data
are waiting time (in minutes) of 100 bank customers [16] as Table 1, and (in days) of 72
guinea pigs infected with virulent tubercle bacilli [14] as Table 2. The comparison of new
Sushila distribution with Lindley and Sushila distribution is proposed in Table 5.

It can be observed from Table 3 that the estimates obtained via UWLS (Method
3-6) are very same, also the estimates obtained via WLS (Method 7-10), although the
estimates obtained via ME (Method 1) is not the best estimates, this method is good
estimate, directly calculate. Moreover, it is not an iterative method like the others. The
best estimate can be obtained using GA (Method 11).



Table 1: Waiting time (in minutes) of 100 bank customers.
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Waiting time (minutes) | Observed frequency
0-4.9 30
5-9.9 32
10 - 14.9 19
15-19.9 10
20 - 24.9 )
25-29.9 1
30 - 34.9 2
35-39.9 1
Total 100

Table 2: Data of survival time (in days) of 72 guinea pigs infected with virulent tubercle bacilli.

Survival time (days) | Observed frequency

0-79 8
80 - 159 30
160 - 239 18
240 - 319 8
320 - 399 4
400 - 479 3
480 - 559 1

Total 72

1294

It can be observed from Table 4 that the estimates obtained via UWLS (Method 3-6)
and WLS (Method 7-10) are very same, although the estimates obtained via ME (Method
1) have the largest y?2, this estimates is directly calculated and it is not an iterative
method like the others. MLE can not calculate the parameters. The best performance
can be obtained using GA (Method 11).

Table 5 shows comparison parameter estimation for the waiting time data set. The
estimator of the Lindley distribution has been obtained by the moment estimation (ME).
The estimators of the Sushila distribution have been obtained by the moment estimation
(ME) and the maximum likelihood estimates (MLE). The estimator of new Sushila dis-
tribution has been obtained by the genetic algorithm (GA). The results show that new
Sushila distribution gives better performance than the Lindley and Sushila distributions
for waiting time data set.

The survival time data set in Table 2, the estimator of the Sushila distribution is
obtained by the moment estimation (ME). We found that the parameter 0 < 0, the 0 does
not satisfy the definition of Sushila distribution. Therefore we can not find the estimators
for Sushila distribution. However, the new Sushila distibution can find the estimators for
this data as the following Table 4.
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Table 3: ME, MLE, UWLS, WLS, and GA estimators of o and 6 for waiting time

Method « 0 X2
1 28.099565 5.366360 2.317336
2 0.000398  0.000032 10.140794
3 2.977747  0.408350  7.017687
4 5.230973 0.772538  4.996613
5 3.334206 0.437684  6.528164
6 5.470875 0.796321 4.878338
7 4.055956  0.644292  7.033345
8 10.583034 1.606832  3.627089
9 2.576107 0.303251  7.314763
10 1.670607  0.187810  7.806489
11 22 4 2.083757

Table 4: ME, MLE, UWLS, WLS, and GA estimators of « and 6 for survival time

Method « 0 x°
1 389.388353  0.267269 27.842259
2 - i, .
3 319.472049  3.114969 14.267841
4 322.349246  3.125277 14.271553
5 321.338306  3.121736  14.269368
6 318.985074  3.113425 14.267277
7 318.245084  3.110803 14.267468
8 316.905403 3.106044 14.268873
9 315.503637  3.101055 14.271810
10 318.441567  3.111500 14.267377
11 9438.901726 103 7.936444

7. Conclusion

A two-parameter continuous distribution, called new Sushila distribution has been
presented. Some properties of the distribution such as CDF, expected value, the 7
moment, and estimation of parameters by nonlinear least squares methods, the maximum
likelihood estimation (MLE), the moment estimation (ME), and genetic algorithm (GA)
have been discussed. We found that the distribution contains the Sushila distribution as
a particular case p = 1 (6 = 1).

Finally, the two popular methods to estimate the parameters of a probability distri-
bution are maximum likelihood (MLE) and the method of moments (ME), and the other
method of least squares (UWLS and WLS) with various u;; and genetic algorithm (GA).
We compare the 11 methods to estimate the parameters of the new Sushila distribution. In
experiment, we observed that the best parameter estimation is obtained via GA. Besides,
if we want a fast method to estimate the parameters, we introduce ME for estimating
parameters; moreover, we present an application of new Sushila distribution for fitting the
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Table 5: Comparing the estimation for waiting time
Waiting time  Observed Lindley Sushila Sushila New Sushila

(minutes)  frequency (ME) (ME) (MLE) (GA)
0-4.9 30 29.8841 29.8295 32.3716 29.7298
5-9.9 32 30.2563 30.3055 21.7393 29.2572
10-14.9 19 18.8852 18.9084 14.5916 18.7491
15-19.9 10 10.0637 10.0653 9.7891 10.3586
20-24.9 5 4.9523 4.9468 6.5642 5.3034
25-29.9 1 2.3226 2.3168 4.3997 2.5920
30-34.9 2 1.0547 1.0506 2.9477 1.2277
35-39.9 1 0.4680 0.4655 1.9740 0.5685
Total 100 97.8870 97.8884 94.3772 97.7864

Paramters 0 =0.1907 0 =17.9493 6 =0.1863 =4
a=213.1197 & =0.9758 a =22

% 2.3074 2.3173 10.1382 2.0813

waiting time data and survival time. Furthermore, We compare new Sushila distribution
with Lindley and Sushila distributions for the waiting time data. The results show that
new Sushila gives better fit than both the Lindley and Suhila distribution. Besides, the
Sushila distribution cannot find the estimator for the survival time data.

In future work, we will adjust the genetic algorithm for estimating parameter. On
the other hand as there are other well established meta-heuristics, such as Bee and Ant
Colony. We can use them for a better estimation.
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Appendix

The structure of genetic algorithm is presented, where the notation is used:
Nc is the number of generation,
Np is the number of population,
M is the mutation rate,
C'r is crossover rate,
Gen is a number of the population,
[ag), bg)] is the ¢ current chromosomes and £ is the current generation,
f(X) is the objective function,
S* is the best chromosomes,

Py, (m,:) is the m*" row of matrix P,

Initial the parameter (N¢, Np, Mr,Cr,Gen) and Set k = 1;
While k£ < Gen do:

Generate a random number of chromosomes X ,gi) = [ag) bg) f (ag)7 bg))] and

calculate f(X,gi)) for each i = 1,2,..., Np and defined P, at k iteration as follows:
Po=[xM x® . x® X,QN’”)};Vpxg
Calculate i* = arg; min{f(a,(j), b,(j))}.

Set g* = f(af b)) and P* = [af) 407 p(af 50| .

Calculate the fitness value f() = % for each population i =1,2,..., Np.
Calculate the roulette wheel selection p; = 0 fori=1,2,...,Np.

Z;V:pl £
if (Fla . 5) < ")
g = F@P o) b=k +1;
end
while j < Np/2
% Selection
forl=1:2
generate a random number, u; € (0, 1).
if (O pi <w < Zgﬁlpz) form=1,2,...,Np
Parent(l,:) = Px(m,:)
end
end
%Crossover
of fspring(1,:) = [Parent(1,1) Parent(2,2)]
of fspring(2,:) = [Parent(2,1) Parent(1,2)]
end
Pos1(25 = 1,5) = [of fspring(L,2)  f(of fspring(1,:))
Peu(2),9) = [of fspring(2,2)  f(of fspring(2 )]
%Mutation
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while ¢ < Np do:
Perform mutation operation on Py with Mr.

Replaced the bad population with the best population X ,gi*)

end
end

in Pk+1.



