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Abstract: In this paper, we proposed a new distribution based on Garima distribution called as Alpha Power Transformed 
Garima distribution by using a technique developed by Mahdavi and Kundu. Some of the reliability and statistical properties 
of the distribution are obtained such as reliability function, hazard function, order statistics, Bonferroni and Lorenz curve. 
Model parameters are estimated by maximum likelihood and the least square method. Finally, the real-life data sets are 
investigated to know the performance and flexibility of this distribution. 

Keywords: Alpha Power Transformation, Garima Distribution, Moments, Maximum Likelihood Estimation, Stress- 
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1 Introduction 

In recent years, researchers proposed different methods of 
generating new continuous distributions in life-time data 
analysis to increase the ability to fit several lifetime data 
which have a high degree of skewness and kurtosis. These 
extensions to distributions provide better flexibility in 
modelling certain applications and data in practice. A detailed 
survey of methods for generating distributions has been 
studied by Lee [1] et al. and Jones [2]. Most of these 
distributions are special cases of the T-X class studied by 
Alzaatreh [3] et al. This class of distributions extends some 
recent families such as the beta-G pioneered by Eugene [4] et 
al., the gamma-G defined by Zografos and Balakrishnan [5], 
the Kw-G family proposed by Cordeiro and Castro [6] and 
the Weibull-G introduced by Bourguignon [7] et al. and so 
on. 
Kus [8] introduced the two-parameter lifetime distribution 
with decreasing failure rate. The parameters of the 
distribution were obtained by EM algorithm using maximum 
likelihood estimate and the asymptotic variances and 
covariance of these estimates. 

Some authors have discussed the situations where the data 
shows decreasing failure rate the upside-down bathtub 
(UBT) shape hazard rate. For example Proschan [9] found 
that the air-conditioning systems of planes follow decreasing 
failure rate. Efron [10] analyzed the data set related to head 
and neck cancer, in which the hazard rate initially increased, 
attain maximum and then decreased before it stabilized 
owing to a therapy. Bennette [11] analyzed lung cancer trial 
data which showed that failure rates were uni-modal in 

nature. Langlands [12] et al. have studied the breast 
carcinoma data and found that the mortality reached a peak 
after some finite period, and then declined gradually. It is 
interesting to know that the hazard rates of inverse versions 
of the probability distributions show the UBT shapes.  

Dey [13] et al. discussed Alpha Power Lindley distribution 
its properties and application with earthquake data.  Nassar 
et al. [14] also discussed the Alpha Power Weibull 
distribution, its properties and application to real-life data. 
Elbatal Ahmad [15] et al. discussed the newly Alpha Power 
transformed family of distribution, its properties and 
applications to the Weibull model. Alpha power 
Transformed Frechet Distribution was introduced by 
Suleman et al. [16] for modelling real-life data sets. The 
authors discussed   some of the statistical properties of the 
distribution such as quantile function, moments, mean 
residual life, generating function, entropy, stochastic 
ordering, etc. The method of maximum likelihood estimation 
is used for estimating the parameters of the distribution. Dey 
[17] discuss the Alpha Power extended exponential 
distribution with application to ozone data. Ceren and Selen 
et al. [18] obtained the Alpha Power inverted Exponential 
distribution, its properties and application to real-life data. 

Garima Distribution was introduced by Shankar [19] as a 
new one parameter lifetime model for behavioural and 
emotional science.  Its usefulness and importance of life time 
model were better as compared to Lindley and exponential 
distribution. Shanker [20] obtained the discrete Poisson-
Garima distribution. Shenbagaraja, Rather and Subramanian 
[21] obtained the length biased Garima distribution with 
properties and applications.  
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Let F(x) be the cumulative distribution function (CDF) of 
random variable	X, then the APT of CDF is defined as  

        (1) 

and the corresponding Probability density function (PDF) is 
defined as: 

     (2)         

The APT survival function and ) are 
given by  

 

 

The purpose of this article is to obtain a new distribution 
from the Garima distribution by α-power transformation as 
proposed by Mahdavi and Kundu [22]. The distribution is 
referred to as Alpha Power Transformed Garima (APTG) 
distribution. The additional parameter in the model can 
provide various properties and more flexibility in the form 
of the hazard and density functions.  

In this paper, we will obtain the Alpha Power Transformed 
version of Garima distribution and discuss its various 
properties. Finally, the two lifetime data sets have been 
analysed, the results are compared to other distributions. 

We are motivated to introduce the APTG distribution 
because:- 
(i) it has an ability for modelling decreasing and upside-

down bathtub shaped hazard rates. 
(ii) it is the appropriate model for fitting the skewed data 

which may not be properly fitted by other common 
distributions and can also be used in a multiplicity of 

problems in various fields  such as earthquake analysis, 
failure rate times, survival times of patients; 

(iii)  two real data applications show that it compares well 
with other competing lifetime distributions in 
modelling survival times of data. 

 
Let 𝑋 be a random variable with parameter, 	𝜃 > 0. The 
PDF of one parameter Garima distribution is defined as 
follow 

      (5)   
 

and its corresponding CDF of Garima distribution is given by  
 

 

 
2 Alpha Power Transformed Garima 
Distribution  
 
By using APT Model, The probability density function 
(PDF) of the Alpha Power Transformed Garima (APTG) 
distribution with parameters	θ	 > 0,	α > 0 is given as 
 

 

Where, 𝜃,		𝛼 are  the scale and shape parameters. 

and the CDF of the Alpha Power Transformed Garima 
distribution. 
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Fig. 1: cdf plot of APTGD distribution. 

 
 

Fig. 2: cdf plot of APTG distribution. 
 
3 Reliability Analysis 

In this section we will discuss the Survival, hazard rate functions are 

respectively, given by 

3.1 Survival Function 

 

 

              Fig. 3: Survival plot of APTG distribution. 

         3.2   Hazard Function 

 

Hazard Plot

                 
Fig. 4a: hazard plot of APTG distribution. 
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Fig. 4b: hazard plot of APTG distribution. 

 

Fig.4c: hazard plot of APTG distribution. 

Fig. 4d: hazard plot of APTG distribution. 

4 Statistical Properties 

4.1   Moments 

Let 𝑋 denotes the random variable of Alpha Power 
Transformed Garima (APTG) distribution then the 𝑟/0order 
moment 𝐸(𝑋2) of APTG distribution can be obtained as 

  

   

 

 By using the power series expansion to above equation, 

  

  

  

Using binomial series expansion (I) and (II) to equation (11), we 
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Putting 𝑟 = 1, 2, 3, …	,	so on in equation (12),  

we obtain the moments of APTG distribution. 
 

 

 

 

 

4.2   Moment Generating Function 

Let 𝑋 have APTG distribution, the MGF of 𝑋 is obtained as 

 

Using Taylor’s series 

 

 

Similarly, characteristic function of APTG distribution  

is given by 
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4.3 Stress Strength Reliability 

Let 𝑋 be the strength of the system which is subjected to a 
stress 	𝑌, and if 𝑋 ~ APTG (𝛼;	, 𝜃;)		and 𝑌 ~	APTG 
(𝛼<	, 𝜃<),provided 𝑋 and 𝑌 are statistically independent 
random variables, then	R = P(Y < X). 

 

 

 

 

Using the power series expansion (I) and (II) to equation (13) 
as follows 
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On simplification we get, 

 

 Similarly, we can do for 𝐼<  and we will get, 

 

 4.4 Mean Waiting Time and Mean Residual Time 

4.4.1    Mean waiting time 
The mean waiting time represents the waiting time elapsed 
since the failure on an object on condition that this failure 
have occurred in the interval [0, t]. The mean waiting time 
of 	𝑋	, say𝝁C(𝒕) 

 

 

By using power series representation, to  

equation, (14), 

                                                                                                         

 

( )
( )( ) ( )

( )( )

dxe

xx
s
q

q
p

pm
l

l
k

k

I

qxxl

sm
sq

s

m

m
q

p

q

k p

pl

m

l
k

l

k

21 )1(

11
02

2

0

2
1

11

1
1

1

0

0 0

2

00

1

1

1
2

121
log1

!
)(log)1(

!
)(log

qq

qq
q
q

aqa
aq

aa

-+-

¥
+

=

+

+

=

¥

=

¥

===

++÷÷
ø

ö
çç
è

æ
+÷÷

ø

ö
çç
è

æ

÷
÷
ø

ö
ç
ç
è

æ

-+-
-÷÷

ø

ö
çç
è

æ

÷
÷

ø

ö

ç
ç

è

æ
÷÷
ø

ö
çç
è

æ
-÷÷

ø

ö
çç
è

æ

=

òå

å

å ååå

( )
( )( ) ( )

( )( ) dxexx
s
q

q
p

pm
l

l
k

k
I

qxxlsm
q

s

q

m

m
q

p

q

k p

pl

m

l
k

l

k

21 )1(
11

002

2

2
1

11

1
1

1

0

0 0

2

00

1
1

1
2

121
log1

!
)(log)1(

!
)(log

qqqq
q
q

aqa
aq

aa

-+-
¥

+

=

+

+

=

¥

=

¥

===

++÷÷
ø

ö
çç
è

æ
÷÷
ø

ö
çç
è

æ
+

÷
÷
ø

ö
ç
ç
è

æ

-+-
-÷÷

ø

ö
çç
è

æ

÷
÷

ø

ö

ç
ç

è

æ
÷÷
ø

ö
çç
è

æ
-÷÷

ø

ö
çç
è

æ
=

òå

å

å ååå

( )
( )( ) ( )

( )( ) ( )( )

( )( ) ÷÷
÷
÷
÷
÷
÷

ø

ö

çç
ç
ç
ç
ç
ç

è

æ

-+

++G
+

-+

++G
+

-+

++G

÷÷
ø

ö
çç
è

æ
÷÷
ø

ö
çç
è

æ
+

÷
÷
ø

ö
ç
ç
è

æ

-+-
-÷÷

ø

ö
çç
è

æ

÷
÷
ø

ö
ç
ç
è

æ
÷÷
ø

ö
çç
è

æ
-÷÷

ø

ö
çç
è

æ
=

++

++++

=

+

+

=

¥

=

¥

===

å

å

å ååå

2
21

1

1
21

1
1

21

02

2

2
1

11

1
1

1

0

0 0

2

00

1
1

1
2

1
1

1
1

2

121
log

1

!
)(log

)1(
!
)(log

sm

smsm

q

s

q

m

m
q

pr

q

k p

pl

m

l
k

l

k

ql
sm

ql
sm

ql
sm

s
q

q
p

pm
l

l
k

k
I

qq
q

qq
q

qq

q
q

aqa
aq

aa

( ) ( )

( )
( )( )

( )
( )( )

( )
( )( )

÷÷
ø

ö
çç
è

æ
-

÷
÷
ø

ö
ç
ç
è

æ

+
+G

+
+
+G

+
+
+G

÷÷
ø

ö
çç
è

æ
+÷÷

ø

ö
çç
è

æ
÷÷
ø

ö
çç
è

æ
-=

+++

+¥

= = =
ååå

1
log

1
2

1
1

1
1

2!
log1

1

1

2
1

1
1

1

1
1

1

1

1

1

0 0

1

0
2

a
a

q
q

q
q

q

q
qa

sss

z

i

i

j

ij

z

j

j
s

j
s

j
s

z
j

j
i

i
I

ò-=
t

APT dxxxf
tF

tt
0

),;(
)(

1)( aqµ

( )

dxe

xx
tF

tt

x
ex

t

x

qq
q q

a

qq
q
q

a
aµ

-÷÷
ø

ö
çç
è

æ
÷
ø

ö
ç
è

æ
+

+- -

++÷
ø

ö
ç
è

æ
+

÷
ø

ö
ç
è

æ
-

-= ò

2
11

0

1
21

log
)(

1)(

( )

)14(

1

21
log

)(
1)(

2
11

0
÷÷
÷
÷
÷
÷
÷
÷
÷

ø

ö

çç
ç
ç
ç
ç
ç
ç
ç

è

æ

++

÷
ø

ö
ç
è

æ
+

÷
ø

ö
ç
è

æ
-

-=

-÷÷
ø

ö
çç
è

æ
÷÷
ø

ö
çç
è

æ
+

+- -

ò dxexx

tF
tt

x
e

xt x
qq

q q

aqq

q
q

a
a

µ

( ) )(
!

log

0

Iz
k

k

k

k
z å

¥

=

=
a

a

( )

( )

dx

exx

x
i

tF
tt

i

x

t

i

i

÷÷
÷
÷
÷
÷
÷
÷
÷

ø

ö

çç
ç
ç
ç
ç
ç
ç
ç

è

æ

÷÷
ø

ö
çç
è

æ
÷
ø

ö
ç
è

æ
+

+-++

÷
ø

ö
ç
è

æ
+

÷
ø

ö
ç
è

æ
-

-=

-

¥

=
òå

q
q
qqq

q
q

a
aa

µ

2
111

21
log

!
log

)(
1)(

00



 584                                                                                                                              M. Mohiuddin et al.: A New generalization of Garima … 
 

 
 
© 2021 NSP 
Natural Sciences Publishing Cor. 
 

(15)                                                              

By using series expansion to (15), 

                  (II)                                            

On simplification, we get 

 

Put 𝑥𝜃(𝑗 + 1) = 𝑧, 𝜃(𝑗 + 1)𝑑𝑧 = 𝑑𝑥, 𝑑𝑥 = JK
L(MN;)

  

as 𝑥 → 0	,			𝑧 → 0;  as 			𝑥 → 𝑡,						𝑧 → 𝜃𝑡(𝑗 + 1) 

 

Substituting equation (3) into equation (15) we get, 

 

4.4.2 Mean Residual Life 

Assuming that 𝑋 is a continuous random variable with 
survival function (6).then the mean residual life is the 
expected additional lifetime that the component has 
survived after a fixed time point t. the mean residual life 
function is given by   

                        

Where, 

(17) 

Substituting the equation (10), equation (17) and equation 
(8) in equation (16) we get, 
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5 Entropies 
 
The concept of Entropy is used to measure the randomness 
of systems and is widely used in areas like physics, 
molecular imaging of tumours and sparse kernel density 
estimation.  

5.1 Renyi Entropy 

Renyi entropy was introduced by Alfred Renyi [23]. Some 
recent applications of Renyi entropy have been considered 
such as sparse kernel density estimations, high-resolution 
scalar quantization, estimation of the number of components 
of multi-component non-stationary signal. Renyi entropy is 
given by 

 

Using the power series expansion (I) and (II) to  

equation (18), 
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5.2   Tsallis Entropy: 

A generalization of Boltzmann-Gibbs a statistical 
mechanics initiated by Tsallis has focused a great deal of 
attention. This generalization of B-G statistics was proposed 
firstly by introducing the mathematical expression of Tsallis 
entropy [24] for a continuous random variable is defined as 
follows 

 

 

 

Using the power series expansion to (I) & (II) to 

 equation (19), 

 

 

     

 

6 Bonferroni And Lorenz Curve 

The Bonferroni [25] and Lorenz [26] curve have applications not only 
in economics to study income and poverty, but also in other fields such 
as reliability, demography, insurance, and medicine. The Bonferroni 
and Lorenz curves are defined as 

 

 and  

   

 

(20) 

Using the power series expansion to equation (20),    

 

                  (21) 

By using series expansion, to equation (21), 

 

÷÷
ø

ö
çç
è

æ
-

-
= ò

¥

0

)(1
1
1)( dxxfS l

l
l

÷
÷
÷
÷
÷
÷
÷

ø

ö

ç
ç
ç
ç
ç
ç
ç

è

æ

÷÷
÷
÷
÷
÷
÷

ø

ö

çç
ç
ç
ç
ç
ç

è

æ

++

÷
ø
ö

ç
è
æ

+-
-

-
= ò

¥

-÷÷
ø

ö
çç
è

æ
÷÷
ø

ö
çç
è

æ
+

+- -0
2

11
)1(

21
log

1
1
1)(

l

qq
q q

aqq

q
aq

a
a

l
l

x
e

x

ex

S
x

)19(

)1(

21
log

1
1
1)(

2
11

0

dx

ex

S

x
ex x

÷÷
÷
÷
÷
÷
÷
÷
÷
÷

ø

ö

çç
ç
ç
ç
ç
ç
ç
ç
ç

è

æ

÷
÷
÷
÷
÷
÷
÷
÷
÷

ø

ö

ç
ç
ç
ç
ç
ç
ç
ç
ç

è

æ

++

÷
ø

ö
ç
è

æ
+

÷
ø

ö
ç
è

æ
-

-
-

=

-÷÷
ø

ö
çç
è

æ
÷
ø

ö
ç
è

æ
+

+-¥ -

ò lqq
ql

l

ll

q

aqq

q
q

a
a

l
l

( )

dx

eexx

i

S

x
i

x

i

i

÷
÷
÷
÷
÷
÷
÷
÷

ø

ö

ç
ç
ç
ç
ç
ç
ç
ç

è

æ

÷
÷
÷
÷
÷
÷
÷
÷

ø

ö

ç
ç
ç
ç
ç
ç
ç
ç

è

æ

÷
÷
ø

ö
ç
ç
è

æ
÷÷
ø

ö
çç
è

æ
÷
ø

ö
ç
è

æ
+

+-++

÷
ø

ö
ç
è

æ
+

÷
ø

ö
ç
è

æ
-

-
-

=

--
¥

¥

=

ò

å

lqql

ll

q
qlqq

a
q
q

a
a

l
l

2
11)1(

!
log

21
log

1
1
1)(

0

0

( )

dx

ex

x
j
i

i

S

xjx
j

j

j

i

i

÷
÷
÷
÷
÷
÷
÷
÷
÷
÷
÷
÷
÷

ø

ö

ç
ç
ç
ç
ç
ç
ç
ç
ç
ç
ç
ç
ç

è

æ

÷
÷
÷
÷
÷
÷
÷
÷
÷
÷
÷
÷
÷

ø

ö

ç
ç
ç
ç
ç
ç
ç
ç
ç
ç
ç
ç
ç

è

æ

÷
ø

ö
ç
è

æ
+

+

++-÷÷
ø

ö
çç
è

æ

÷
ø

ö
ç
è

æ
+

÷
ø

ö
ç
è

æ
-

-
-

=

--

¥¥

=

¥

=

òå

å

lqq

l

ll

q
q

qq

al
q
q

a
a

l
l

2
1

)1()1(

!
log

21
log

1
1
1)(

00

0

( ) dx

exx

j
i

i
S

xjx
j

k

j

j

i

i

÷÷
÷
÷
÷
÷
÷
÷
÷
÷
÷
÷
÷
÷

ø

ö

çç
ç
ç
ç
ç
ç
ç
ç
ç
ç
ç
ç
ç

è

æ

÷÷
÷
÷
÷
÷
÷
÷
÷
÷
÷
÷
÷
÷

ø

ö

çç
ç
ç
ç
ç
ç
ç
ç
ç
ç
ç
ç
ç

è

æ

÷
ø

ö
ç
è

æ
+

+++

-÷÷
ø

ö
çç
è

æ

÷
ø

ö
ç
è

æ
+

÷
ø

ö
ç
è

æ
+

÷
ø

ö
ç
è

æ
-

-
-

=

--
¥

¥

=

¥

=

ò

åå

lqql

ll

q
qqq

al

q
q

q
q

a
a

l
l

2
1)1(

)1(
!

log

221
log

1
1
1)(

0

00

( )

( )
÷
÷
÷
÷
÷
÷
÷
÷

ø

ö

ç
ç
ç
ç
ç
ç
ç
ç

è

æ

÷
÷
÷
÷
÷
÷
÷
÷

ø

ö

ç
ç
ç
ç
ç
ç
ç
ç

è

æ

÷÷
ø

ö
çç
è

æ
÷÷
ø

ö
çç
è

æ

÷
ø
ö

ç
è
æ

+
-÷÷

ø

ö
çç
è

æ
÷÷
ø

ö
çç
è

æ

+
++G

÷
ø
ö

ç
è
æ

-

-

-
=

ååååå
¥

=

++¥

=

¥

=

¥

=

¥

=

++

0 0 0 0 0

)1(

!
log

2
)1(

))((
1

1
log

1

1
1)(

i

kl

j k l m

i

j
lk

k
j

j
i

i

m
l

lj
lk

S

l

l

al

q
ql

lqa
a

l
l

dxxfx
p

pB
q

APT )(1)(
0
ò¢=

µ

dxxfxpL
q

APT )(1)(
0
ò¢=

µ

( ) dxexx
p

pB x
exq x

qq
q q

aqq
q
q

a
a

µ
-÷÷

ø

ö
çç
è

æ
÷
ø
ö

ç
è
æ

+
+- -

++÷
ø
ö

ç
è
æ

+
÷
ø

ö
ç
è

æ
-¢

= ò 2
11

0

1
21

log1)(

( ) k

k

k
z z

kå
¥

=

=
0 !
logaa

( )

( ) dxeexxx

ip
pB

x
i

x
q

i

i

qq

q
qqq

a
q
q

a
a

µ

--

¥

=

÷÷
ø

ö
çç
è

æ
÷
ø
ö

ç
è
æ

+
+-++

÷
ø
ö

ç
è
æ

+
÷
ø
ö

ç
è
æ

-¢
=

ò

å

2
111

!
log

21
log1)(

0

0

( ) ( ) i

i

in x
i
n

x ÷÷
ø

ö
çç
è

æ -
-=- å

¥

=

- 1
11

0

1



Appl. Math. Inf. Sci. 15, No. 5, 577-592 (2021)/ http://www.naturalspublishing.com/Journals.asp                                                       587 

 
        © 2021 NSP 
         Natural Sciences Publishing Cor. 

 

On simplification we get, 

 

  

 Put   𝑥𝜃(𝑗 + 1) = 𝑧, 𝜃(𝑗 + 1)𝑑𝑥 = 𝑑𝑧, 𝑑𝑥 = JK
L(MN;)

 

as 𝑥 → 0	,			𝑧 → 0;  as 			𝑥 → 𝑞,						𝑧 → 𝜃𝑞(𝑗 + 1) 

 

 

 

 

7 Order Statistics 

Suppose  is a random sample 
from𝑓STU(𝑥; 𝜃, 𝛼).  

Let   be the order statistics of a 

random sample  drawn from the 
continuous population with probability density 
function	𝑓STU(𝑥)		and cumulative density function𝐹STU(𝑥), 
then the PDF of  𝑟/0 order statistics 𝑋(2) is given by 

 

Using the equation (7) and equation (8) in equation (22), 

the probability density function of 𝑟/0 order statistics 

𝑋(2)		of APTG distribution is given by 
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Therefore, the probability density function of higher order 

statistics 
𝑋(X)

can be obtained as 

 

 

and the PDF of first order statistic 𝑋(;)can be obtained 
as 

 

 

8 Parameter Estimation 

8.1 Least Square Estimation 
Suppose that  is a random sample of 
𝑛 size from APTG distribution and let 

 is the corresponding ordered 

sample then Least Square estimators can be obtained by 
minimizing the sum of squares errors 

 

Where is the CDF of APTG Distribution with 

being the Order statistic. 

With respect to unknown parameters. So the LSE [27] of the 
population parameters (α,θ) can be obtained by the 
simultaneous solutions of the normal equations. 

 

 

By using the equations (23) and equation (24), the LSE can 

be obtained as follows, 

 

From the above said equation (25) and equation (26) are 

difficult to obtain the estimators (α, θ), so they can be 

computed by using R software.  

8.2 Maximum Likelihood Estimator 

8.2.1 Complete Data 

Let be a random sample from APTG 
(α,θ), distribution then  
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The log-likelihood function becomes 

(27) 

                                                                                      
Therefore, the maximum likelihood equations are given by 

 

 

The MLEs of α and θ can be obtained by solving (28) and 
(29) equations simultaneously, and they will be denoted 
by		𝛼Z,  𝜃[. 

Because of the complicated form of likelihood equations 
(26) and (27) algebraically it is very difficult to solve the 
system of nonlinear equations. Therefore, we use R and 
wolfram mathematics for estimating the required 
parameters. 

8.2.2   Censored Data 

Consider a data set		𝐷 = (𝑥: 𝑟), where 

the observed failure are times and 
are the censored failure times where 

𝑟 is equal to 1 if a failure is observed and 0 otherwise. 
Suppose that the data are independently and identically 
distributed follows a distribution with probability 
density	𝑓(𝑥, 𝜃) and survival functions	𝑆	(𝑥, 𝜃) respectively. 

 

Survival function: 

 

The likelihood function for the observations is given by  

 

  

 

The log likelihood function in can be maximized numerically 
in order to obtain the ML estimates. 

9 Data Analysis 

In this section, we work with an application based on a real 
data set and found that APTG distribution gives the best fit 
for the considered data. 

9.1 Data Set 1 

Gross and Clark [28] reported a set of data relating relief in 
minutes receiving of 20 patients. 

The data is given below: 
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In order to compare the distributions, we consider the 
criteria like AIC (Akaike Information Criterion), AICC 
(Corrected Akaike Information Criterion) And BIC 
(Bayesian Information Criterion). The better distribution 
corresponds to lesser AIC, AICC and BIC values. 
 

 
 

 
 

 
 

Where, 𝑘 is the number of parameters in the statistical 
model, 𝑛 is the sample size and −2	𝑙𝑜𝑔	𝐿 the maximized 
value of the log-likelihood function and are shown in 
Table1and Table 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

9.2   Data Set 2 
The data set represents the life time of 50 devices from 
Aarset [29] et al. it consists of the following set of 
observations. 
 
 

 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LkAIC log22 -=

LnkBIC log2log -=

1
)1(2

--
+

+=
kn
kkAICAICC

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 3.0 1.7 2.3 1.6 2.0 

 

0.1 0.2 1 1 1 1 1 2 3 6 

7 11 12 18 18 18 18 18 21 32 

36 40 45 46 47 50 55 60 63 63 

67 67 67 67 72 75 79 82 82 83 

84 84 84 85 85 85 85 85 86 86 

 

Table 1: MLE’s and Criteria for Comparison for data set 1. 

 

Distribution 

 

MLE 

 

S.D 

 

-2logL 

 

AIC 

 

BIC 

 

AICC 

PLD 𝜃[=0.34448830 

𝛽g=2.25294202 

𝜃[=0.0996896 

𝛽g=0.3067661 

40.86395 44.86396 46.85543 46.36396 

LBWNQLD 𝛼Z =1.578852 

𝛽g  =8.378050 

𝛼Z=2.038191 

𝛽g=3.355450 

45.77610 49.7761 51.76757 51.2761 

APTGD 𝜃[=2.044349 

𝛼Z = 1.608602 

𝜃[ =1.531384 

𝛼Z= 3.355495 

34.84120 38.84121 40.83267 40.34121 

LBG 𝜃[=1.306236 𝜃[= 0.183792 50.6912 52.6912 53.68693 52.857629 

LBETE 𝛼Z =1.162584 

𝛽g  =1.531495 

𝛼Z=167.86310 

𝛽g	=116.95185 

52.32636 56.32636 58.31782 57.82636 

ODOMA 𝜃[=1.7229491 𝜃[= 0.1326213 62.05256 64.05256 65.0483 65.55256 

GARIMA 𝜃[=0.7395722 𝜃[ = 0.1405294 63.2116 65.21155 66.20728 65.43377 

Exponential 𝜃[=0.5263157 𝜃[=  0.1176873 65.67416 67.67416 68.66989 67.89638 
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It has been observed from Table1 and Table 2 that the APTG 
distribution have the lesser AIC, BIC, AICC values as 
compared to other distributions. Therefore, we conclude that 
the Alpha Power Transformed Garima Distribution leads to 
a better fit than the other distributions. 
 
10 Conclusions 

In this paper, we have introduced a new generalization of 
Garima distribution called Alpha Power Transformed 
Garima Distribution. We have studied various mathematical 
and statistical properties of distribution. The moments, 
survival function, hazard function and the maximum 
likelihood estimates, LSE of the parameters, have been 
investigated. The application of the new distribution has also 
been demonstrated with real-life data over one and two 
parameter Like APTLD, LBETE, LBG, WAD etc. The 
results are compared with APTG distribution, revealed that 
the APTG distribution provides a better fit than other 
distributions. 
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