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Abstract: In this manuscript, we propose a transmuted model of the Generalized Inverse Rayleigh distribution. This article
provides the detailed account of statistical properties of the new distribution. Different properties like reliability analysis,
moment generating function, characteristic function, entropy and order statistics have been derived. The parameters of the
newly proposed model have been estimated using the method of maximum likelihood estimation. Both the simulated as
well as real life data sets are considered for making comparison between the special cases of TGIRD for the best fit.
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1 Introduction

The Generalized Inverse Rayleigh Distribution is a very
useful lifetime model which can be applied for analyzing
the lifetime data. It is widely used in communication
engineering, reliability analysis, applied statistics, operation
research, health and biology. The Inverse Rayleigh
Distribution was introduced by Trayer [1]. Gharraph,
Mukarjee and Maitim [2,3] discussed the characteristic
properties of the Inverse Rayleigh distribution. The
modified version of Inverse Rayleigh distribution was
studied in detail by Khan [4]. However, the generalized
inverted scale family distributions were introduced by
Potdar et. al.[5]. These newly developed models were
formulated by introducing a new shape parameter to the
scale family of distributions. These models provide greater
flexibility in modeling complex data and the results drawn
from them seems quite sound and genuine. Reshi et.al [6]
estimated the scale parameter of GIRD under the different
loss functions. The generalized model of Inverse Rayleigh
distribution was further modified by Bakoban and Abu
Baker [7]. They illustrated the different characterizing
properties of the generalized Inverse Rayleigh distribution.
Further, Bakoban [8] considered the estimation and the
optimal design problem for GIRD under FSS- PALT using
type Il censored data. Also, Kawsar and Ahmad [9]
compared the different informative and non informative
priors for the GIRD under different Loss functions. This
generalized model is appropriate for modeling the data with
different hazard functions because of its flexibility. It

approximates the lifetimes of several experimental units
and also can be used in studying radiations, sounds and
wind speed. Let the random variable X have a GIRD with
parameters « and A, where o is the shape parameter and 1

is the scale parameter of the generalized model, then the
probability density function (pdf) and the cumulative
density function (cdf) of GIRD are respectively given as:

_ La-1
g(x):% (A 2{1—e_w‘) 2} x>0,a,4>0.
AX 11)

_1_h_ -(ax)*]" .

G(x)=1 b e x>0,a,4>0. (1.2)
This article considers an extension of generalized Inverse
Rayleigh distribution using transmutation technique and
checks its flexibility over its different sub models. Various
statistical properties of the model have been illustrated. The
paper is organized as follows: In section 2, the proposed
transmuted model is introduced and obtaining its pdf and
cdf. In Section 3, different special cases of the proposed
model have been discussed. Section 4 and 5 are devoted to
discuss the reliability analysis and various statistical
properties of the proposed model. Moreover, the method of
Random number generation and Renyi entropy of the new
distribution are described in section 6 and 7 respectively.
Further, in the sections 8 and 9, order statistics and method
of maximum likelihood estimation are provided
respectively. Finally, in section 10, both simulated as well
as real life data sets have been considered to examine the
flexibility of the newly developed model over its different

"Corresponding author e-mail: peeruzmal@gmail.com

© 2018 NSP
Natural Sciences Publishing Cor.


mailto:peeruzma1@gmail.com
http://dx.doi.org/10.18576/amisl/050206

i> i ,).

150

U. Jan et al.: Transmuted Generalized Inverse Rayleigh ...

sub models along with the concluding remarks. The paper
ends with a complete bibiliography.

2 The Transmuted Generalized Inverted

Rayleigh Distribution

In the past few years, many authors have generalized the
known parametric models by transforming an appropriate
model into a more general model by adding a shape
parameter to the existing lifetime distributions. The new
quadratic rank transmutation map (QRTM) technique is one
of the methods that were formulated by Shaw and Buckley
[10] to generalize the different theoretical models and to
provide more flexible extension of these models for life
testing and best fit.

Starting from an arbitrary parent cumulative density
function G(x), a random variable Xis said to have a

transmuted distribution if its cdf is given by:
F(X) =1+ 0)G(X) -G, |6]<1. e
Where G(X) is the cdf of the base distribution. It must be
noted that when @ = O, the proposed model reduces to base
distribution.

Differentiating equation (2.1) with respect to X gives the
pdf of the transmuted model as

f(x) = g(X)[A+0) - 20G(x)].(2.2)

Here g(x) is the probability density function of the base

model.

Recently, Aryal and Tsokos [11,12] considered the
transmuted Gumbel distribution to model climate data and
the transmuted Weibull distribution and their applications

to analyze real data sets. Ibrahim Elbatal [13] introduced
the transmuted generalized Inverse Exponential distribution
and examined its various structural properties. Faton
Merovci [14] obtained the transmuted Rayleigh distribution
and discussed its important properties. Further, Afaq et. al.
[15] studied the transmuted inverse Rayleigh distribution
and derived its different characteristic properties. More
recently, Khan et. al. [16] studied the transmuted
Kumaraswamy distribution and presented a comprehensive
account of the mathematical properties of the new
distribution.In the proposed study, we will obtain the
mathematical formulation of the Transmuted Generalized
Inverse Rayleigh distribution and discuss its important
properties.

A random variable X is said to have a Transmuted
Generalized Inverse Rayleigh distribution with parameters

a, A and @ if the cumulative density function is given by:

F(x) = %1— (1— e )a }{” 9(1‘ e )a } 2.3)

The corresponding pdf of the proposed distribution is given
by:

(1) =L e 0 (1—e‘W)’2 )H{Lm 2.9(1—e‘(“)’2 ja}
A (2.4)

for x>0,a,4 >0 and |9|£1.

Where A and ¢ are the scale and shape parameters of the
transmuted generalized Inverse Rayleigh distribution and 6
is the transmuted parameter.

By choosing various values for parameters 4, and @, we
provide the different possible shape for the pdf of the TGIR
distribution as shown in figures as below:
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patt

x
Figl.a The graph of density function

x
Fig1 b The graph of density function
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Figl. ¢ The graph of density function

Fig. 1: The graph of density function
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Figure 1 give us the detailed description of the different
possible shapes of the density function for different values
of the parameters. The graphs display that as the value of
the three parameters is increased; the graphs of the density

06

cdf

04

0.0

Functions are positively skewed and tend to be more
peaked. Similarly, for the various possible values of the
parameters A, cr and @, the graphical plots for the
cumulative distribution function are given as below:
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Fig2.a The graph of distribution function
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Fig2. ¢ The graph of distribution function

Fig. 2: The graph of distribution function

The graphical representation of the distribution function in
figures 2 shows that the cumulative density functions is an
increasing function with the different values of the
parameters.

3Relationships with other Distributions

Some well-known theoretical distributions can be derived
from the proposed TGIR distribution such as:

1) For@ =0, Equation (2.4) reduces to give the two
parameter  generalized  Inverse  Rayleigh
distribution (GIRD) with probability density
function as:

2 -(zx)*{ () T‘l .
f(X)=— 1-¢ x>0,a,4>0
3

2) Forax=1and@ =0, Equation (2.4) reduces to
give the one parameter Inverse Rayleigh
distribution (IRD) with probability density
function as:

2 ().
f(x):—2 3© x>0,4>0.
ASX

3) Fora =1, Equation (2.4) reduces to give the two
parameter  Transmuted Inverse  Rayleigh
distribution (TIRD) with probability density
function as:

-2 -2
f(x):zie’(lx) {1%_2&—(&) } x>0,6,1>0.
2258

4) For A =1, Equation (2.4) reduces to give the two

parameter Transmuted Generalized Standard
Inverse Rayleigh (TGSIR) distribution with
probability density function as:

2a

-2 -2 -2
fx)=—se® {1-e“> } {1+9—2¢%(” } %>0,0,0>0.
X

5) ForA =16 =0, Equation (2.4) reduces to give

the one parameter Generalized Standard Inverse
Rayleigh (GSIR)distribution with probability
density function as:

) 2 a-1
f(x):z—ae‘(x) {1—e‘(x) } x>0, >0.

X3

6) ForA=1a=1, Equation (2.4) reduces to give

the two parameter Transmuted Standard Inverse
Rayleigh (TSIR) distribution with probability
density function as:

-2 -2
f(x):%e-m {1+9-26e-<*’ };x>0,9>0.
X

4 Reliability Analyses

In this section, we shall discuss the reliability function,
hazard rate and reverse hazard rate of the transmuted
Generalized Inverse Rayleigh distribution.
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4.1 Reliability Function

The reliability function is also termed as the survival or
survivor function of the model. It may be defined as the
probability that an item does not fail prior to sometime t. It
is denoted by R (x) Mathematically, the reliability function

can be obtained as:
R(x) =1-F(x)

a

2\¢ -
R(X)=1- 1—(1—e‘(’b‘)2) 1+9(1—e‘(“)2j n

The graphical plotting of reliability of TGIR distribution for
different possible values of the parameters is given as
follows:
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Fig3.a The graph of Reliabilty function

X
Fig3.b The graph of Reliabilty function

X
Fig3.c The graph of Reliabilty function

Fig. 3: The graph of Reliability function

The figures 3 indicate that the reliability function of a
system is a decreasing function with the different possible
values for parameters.

4.2 Hazard function

2
() A%x3

The hazard function of the system is also termed as the
hazard rate, failure rate or force of mortality.
Mathematically, it can be derived as the ratio of the
probability density function and the reliability function. It is
denoted by h(x)and is given as:

-1
e~ (P07 (1— e~ (207 )a 1-0+ 249(1— e~ (07 ja

h(x) = RGO

Figures 4 illustrate that as the value of one parameter is
increased keeping the other two fixed, the graphs become
more peaked. Thus, the hazard rate is unimodal. It increases

1-Jd1- (1— e (207 )a 1+ 0(1— e~ (M) j

(24

(4.2)

at initial stage and later on starts decreasing. It can also be
seen that the hazard rate shows an inverted bathtub shape.
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Hex)

o Eig. 4: The graph of Hazard function

The reverse hazard rate is also an important quantity which ~ Theorem 5.1:1f X ~ TGIR(«, 4, 6) , then the r'"
characterizes life phenomenon. It is given as: moment of a continuous random variable X is given as
2 5 el e | follows:
gt (1—e‘(’b‘) ) 1—9+29(1—e‘(“) j
_f_ 2% ar(l-r/2)| @-0w; 200,

YTEw i =E(X")=
W {1_(1_6—(/1@-2)“”1 +9(1_e-(zx)-2)“ ' TGt () ks @72 [

Proof: Let X is an absolutely continuous non-negative
(4.3) random variable with pdf f (x), then r" moment of X

5 Statistical Properties of the TGIR canbe obtained by:
Distribution

i, =E(X") = J:Ox f (x)dx
From the pdf of the TGIR distribution in (2.4), then shows
that E(X ") can be written as:

This section provides some basic statistical properties of the
transmuted generalized Inverse Rayleigh distribution.

< - a1 N
E(Xr)zfxr%e_(’m 2(1—e‘“x) 2) {1—9+29(1_e—(ﬁx) 2) }dx
0 X

0 ~ N\2a-1
=(1—9)_[x §a3 e () 2(1—e_(’1x) 2) dx+29'fx 2a g€ - (1—e_(/7‘x) 2) dx
0 AX 0 253

. - -2 .
Making the substitution, y = ——— dx dy, so that X = we obtain

22 3 a2

E(xr)=%Tyl_”z_le_y@—e_y)a_ldwZ%Tyl_rlz_le_yﬁ—e_y)Za_ldy 6.)
0

_nJ '
Usmgtheexpansmnof( —e y)a ZLr(a_)e_yj.
ol@-)i
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20 -1 () ra), DKT(2a) _yk
) Z ‘ T(2a—kk!

Expression (5.1) takes the followmg form:

Also, (1— e Y

1-Oa  F 1r/2-1 —v(i 20c

0

After some calculations,

ey adl(-ri2)) @-0)w; Gl
S {(m)(““) +(k+1)(“’2)}'
| (5.2)
(-1)Ir(a)
Where WJ = JZ:OW
_ 3 (0Fra)
And Wy = JZ::O F(Za - k)k! .

We observe that equation (5.2) only exists when r < 1. The
implication is that the second moment and other higher
order moments of the distribution do not exist.

5.2 Harmonic Mean of TGIR Distribution

This sub section deals with the derivation of harmonic
mean of TGIR.

1
H
Expression (5.3) takes the following form:
1

After certain calculations,

1

L@ 2){ A=),

(i +9%

20w,
Tk [

20w, |
k1)@

1
1-O)w,

( )(3/2)

=H

zr(s/z){

:(1—,9)054 (3/2)1- (1 o- ) dy+2<9a/lj'y(3’2” - (1_
0

- Wi J'yl—r/Z—le—y(k+l)dy_
0

Theorem 5.2: Let X follow the TGIR distribution. Then
the harmonic mean of the random variable X denoted by
1-0)w;

(H) is computed as follows:
26w,
= qAl'(3/2) + k1
( 1) (3/2) (k +1) (3/2)
Proof: By the definition of harmonic mean, we have:

1 1) 71
ﬁ = Ety): -([; f(X)dX

1
Making the substitution as y = 5
A2x% a3

dx dy,

So that X = we obtain

ly1/2 ’

e " dy. (5.3)

= (11— )aaw, jy3’2 e yUdy 4 26’a/1WkIy3/2—1 eyl gy,

5.3 Moment Generating Function

In this sub section, we will derive the

5.3 Moment Generating Function of TGIR
Distribution:

Theorem 5.3: Let X have a TGIR distribution. Then

moment generating function of X denoted by M, (t) is
given by:
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o tf - 1-0)w; (i) T
(t)zzt_af(l r12)| @-0w; 2| = ¢X(t):z(r)l [x"t oxx.
! r! AI’ (J+1)(1 ri?2) (k+1)(1—r/2) r=0 ' o
0 (It)r
=dx ()= :
r=0
Proof: By the definition of moment generating function, i aFl r/2) (1_9)Wj n 260
we have: s ar (j+1)(1—r/2) (k+1)(1—r/2) '
(5.6)

My (t) = E(e™) = [ f (x)dx.
0
Using Taylor series

M (t) :T{1+tx+(t;—)|2+Ajf(x)dx.
5 !

- Mx(t)— jx f (x)dx.
r= O 0
tl’
= My =Y —EX").
i:Or!
2t al(1-r12)| A-0)w; 26w,
MX(t)_rzo” I l(j+1)(1r/2)+(k+1)(1r/2) '

(5.5)

This completes the proof.

5.4 Characteristic Function

In this sub section, we will derive the Characteristic
function of TGIR distribution.
Theorem 5.4:Let X have a TGIR distribution. Then

characteristic function of X denoted by ¢y (t) is given

This completes the proof.

6 Quantile Function, Median and Random
Number Generation

This section deals with obtaining the quantile function,
median and generating random numbers of TGIR
distribution.

6.1 Quantile Function and Median
Theorem 5.5:Let the random variable X follow TGIR

distribution. Then, the " quantile Q(u)of the TGIR
distribution is given by:

L
2

-1

1
Q(U)=Z T

(0+1) —40u
20

log 1 0-1)+

Proof: The Quantile function is denoted by Q(u)and can
be mathematically calculated as follows:

by: QW =F*Uu), o<u<l.
o 1- 0w (6.1)
Z " A-r/2) ( )WJ + 200 ... The corresponding quantile function for the proposed
g Fu (j+)®2 k+&"72 | model is given by:
1
i 2
Proof:By definition of characteristic function we have:
(e 0]
#x () = E(e'™) = [e™f (x)dx. -1
| Q) =~ 1
Using Taylor series, | (9 _1)+ (9 + 1)2 —40u | ©
0 . 2 Og 1-—
b (t):j(1+itx+%+/\]f(x)dx. 26
0 : L .
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(6.2)

Where U has the uniform U (0,1) distribution. We obtain
the median of the TGIR distribution by substituting u=0.5
in equation (6.2). Hence, the median of the proposed model
is calculated as:

1

2

1
(0-1)+y0*+1|“

1
Median=F (0.5)==|—log| 1 -
edian ( ) 7 g 20

(6.3)

6.2 Random Number Generation

In order to generate the random numbers from the
transmuted generalized inverted Rayleigh distribution, the
method of inversion is used as follows:

u= %1— (1—e*W>’2 ) HH 9(1—e*<“>’2 ) }

Where u ~ U (0, 1). After simplification this yields

where p>0 and p=1.

- ﬁ
1 -1
X=—
4 b
IOgl_{(e—l)+ (0+1) —49u}
20
L J

(6.4)

One can use equation (6.4) to generate random numbers
when the parameters are known.

7 Renyi Entropy

The entropy of a random variable X with probability
density TGIR (X; 8, a, A) is a measure of the variation of

the uncertainty. The large value of entropy is an indicator
of the greater uncertainty in the data. The Renyi entropy

[17], denoted by I, (p) for X is a measure of variation of
uncertainty and is defined as:

|R(p)=$|ogﬁ f(x)”dx}

—00

(7.1)

Suppose X has TGIRD (X; @, a, 1) , then by substituting equation (2.4) in (7.1) we have:

IR(:D) 1-p

For the convenience, let u(x):I f(x)” dx
0

T[Zajp 1 e*(/lx)’zp h_ ef(/lx)’2 ]p(afl) [1 -6+ 29@_ e~
0

Put (Ax) =t, x=il, dx:_—lsdt :
at2 2]t2

when X=0,t =00 and X=o0,t=0.

u(x)zz(i_f p 1

I

N

-

—e’pt(l—e’t (a_l)[1—¢9+2¢9(1—et)“r ! dt .

L g[j(ifjp Xip g (W [1_ g #” ]"(“1){1 -0+ 2.9(1— e (W )"]p dx] . (12

V)”de.

3
2

2t

T2 ,
=20t et [ et et 1m0+ 20l - ) [t

0

1)7(

o 3
_ 9pt P 231 J' tE(p -
0

j=0

e p)i”c 1-2Y7(20)' L-e

“Fdt.
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5'48

j=0

™M

s

ve,(L-0Y 7 (20) 27 a2 j

0

Il
M 2

Il
o

i

o0

+

k=0

5
| _\ 2 )

 (pa+ ja - plpa+ ja-

x):iijp’la”ﬂ,S

i=0

rc,@—-0)1(20) 27 P 237 1)jt2

rc;(1-6)7(20) 2P-1ap/13(/’—1)jt5

Dot e O et
p-1) oAt (1_ —t )(pa—p)+aj dt
_ptz pa p+aj+l) e‘“‘dt_

(Fpa p+aj+1) K)k!

rc;(1-0)" ‘(20)’29—105%3(/3—1)]#(” ) p{uZak tk}dt.

3p—1
2

)

3p-1 |°

i

(7.3)

(p+k) 2

p—l)(pa+ja—p—2) ..... (pa+ ja—p—k+1)

where A = (_ 1)

and V;="C; (1-0)"7(20)’

k!

Substituting the value of equation (7.3) in (7.2) we get the Renyi entropy of TGIRD as follows:

) 5,
3p-1 +Zak 3p-1
pz T (k) ?

r(3,0 1) F(3p—1j

- 2 e 2

Zv 2 —— Zak ——4 || 4
p 2 T (prk) 2

IR(p)znlog Zv 20t P 240
j=0
IR(p):ﬁloga+3(p—1)|ogi+$log

The f or g-entropy introduced by Havrda and Charvat [18] is denoted by 1, (q) and can be computed as:

o0

11{1—Jf(x)qu

—0

|H(Q):q_

where q>0 and q=#1
Suppose X has TGIRD (x; 0, o, /I) , then by substitu

(7.5)

ting (2.4) in (7.5), we get the S entropy as follows:

0 q _ 5 ale-1) e |
|H(Q)—L[1—j(2—ﬂ Lt [1—e-<“> 2} {1—9+20(1—e‘(“) 2) } dx].
qg-1 \A°) X
[3q—1) r(3q—1)
1| 2 < 2
SIH(q):ﬂ ZV 201 0 23(a-1) T"’Zak el (7.6)
az 7 (@+k)?
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_ (1) (qa+ ja—q)ga+ ja—q-1\qa+ ja—q-2)..(qa + ja—q—k +1)
k! ‘

where a,

and v, =‘c; (1-0)"(20)".

8 Order Statistics

Order statistics finds many applications in statistical theory and modeling. It can be applied in studying the reliability
of a system and life testing. If X, X(y),....., X, denote the order statistics obtained from the random sample

X1 Xy, X, drawn from TGIR distribution (/1,9,05) with cumulative density function and probability density

function given in the equations (2.3) and (2.4) respectively, then the probability density function of the order statistics
is given as below:

f(x)= WM[F(X)]” L= F()"" (%) for 1<r<n (8.1)

Using the equations (2.3) and (2.4), the pdf of the first order statistic X(1) =min (Xl, X2 ,...Xn )is given by:

fl(x)=jf)‘;[1 {1 (1 e )}{1+9(1 e )Hn_le-“*)zﬁ {1 9+29(1 e )}(82)

Similarly, the pdf of the nth order statistic X ) = max(Xl, X, X, ) is given as follows:

2an { (1 oy )le(l—e(’"”z )“}}“euxVﬁ_eWV )( {1 9+20(1 e )}(8 3)

8.1 Joint Dlstrlbutlon function of ith and jth order statistics
The joint density functions of ( i Xj ) for 1<i< j<nisgiven by:

fiin (x,,xj) c[F(x)] l[F (xj)—F (x,) ]J"‘l[l—F(xj)]"‘j f(x) f(xj), (8.4)

(-2 (G -i-2p(n =)

Then the joint distribution function of the ith and jth order statistics of Transmuted Generalized Inverse Rayleigh
distribution is as follows:

£ =C [f-ny e )| {a-ng eon ) --ng fsong )| --[-ng eon ) [

where C =

200 )7y @b o) 20 )y (e) ‘
e b @Y g4 20h, e Ul gragn )
/12X(i )3 (i) ( (i) ) /12X(j)3 (i) ( (i) )
where h( (1 el ) for k=1, j (8.5)

For the special casei=1and j=n, we get the joint distribution of minimum and maximum order statistics as
follows:

fa(X)=n(n=1F(x,) - F(x )" f (x)f(x,)
w0 ffb e~ T b T e

%e‘(%)z(l—e‘(“")z)( )[1 9+29(1 g () )] (8.6)
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9 Maximum Likelihood Estimation

In this section maximum likelihood estimators and

inference for TGIRD (x4,6,a) are discussed.
In order to estimate the unknown parameters of the TGIR
distribution we use the technique of maximum likelihood

L(4,0,a|x)= (i?jn ln %exp(—zn:(ﬂx

i=1 A i=1

(9.1)

)_ZJ :1 (L-exp(2x,)7)

Estimation. The maximum likelihood estimates (MLE’s) of
the parameters that are inherent within the Transmuted
Generalized Inverse Rayleigh distribution function are
obtained as follows:

Let X;,X,,.....X, be the random sample drawn from the

Transmuted Generalized Inverse Rayleigh distribution.
Then the likelihood function is given by:

(0‘ *1) n

11 L— 0+ 29(1— exp(-

%) )a ]

By taking the logarithm of equation (9.1), the Log Likelihood function L(/I, 0, | X)can be obtained as:

Log L(2,6,a | x)=nlog2+nloga —2nlog A + ilog i,a, - i(ﬂxi )? +(a —1)i Iog(l—e*(”"xi)’z )
i=1 X i=1 i=1

+§n; Iog(l— 0+ 29(1—e(“i e )“ )
i=1

(9.2)

Differentiating the Log Likelihood function in equation (9.2) with respect to the unknown parameters

A,0 and o

and equating them to zero, we get the respective normal equations as follows:

dlog L —2n

- DR CEE) W

o)
)2 )“} '

dlogL ¢
T2

(9.4)
i=1 [1— 0+ 201 -

d Iog

n
0!

Sober

(9.5)

The solutions obtained by solving the three normal
equations  simultaneously  represent the maximum
likelihood estimates of unknown parameters (1,60, a) of
the proposed distribution.

Fisher Information Matrix

For the three parameters of TGIR(X;1,0,a)all the

second order derivatives of the log- likelihood function
exist. Thus, the inverse dispersion matrix is given by:

i=1 /13)(2 (1 e ;X) )

(9.3)

Z":bwa(l e"“)(H) e

0+200-e )| X

d a vaa v\axi Vaﬁ
il =nlal, |V, v, v,
i 0 /, NV, V
O o 00 9.6)
Vaa VUM Vaé’
Vi=-ElV, V, V,| ©7
Voo Vor Vo
2 2 2
WhereV(m:aL,M:aL,Vaa:aL and
oado OaoA oaol

S0 on.
By deriving the inverse dispersion matrix, the asymptotic
variances and covariances of the ML estimators for o, A and
6 are obtained.

10 Applications

In this section, we consider both the simulated as well as
real life data sets to compare the flexibility of the proposed
transmuted model of Generalized Inverse Rayleigh
Distribution over its different sub models. For comparing

© 2018 NSP
Natural Sciences Publishing Cor.


http://www.naturalspublishing.com/Journals.asp

160 =B o

U. Jan et al.: Transmuted Generalized Inverse Rayleigh ...

The different models we have used the criteria like AIC
(Akaike Information Criterion) and BIC (Bayesian
Information Criterion). The distribution which provides us
lesser values of AIC and BIC is considered as best. The
values of AIC and BIC can be computed as follows:
AIC=2k-2logL and BIC=klogn-2logL,

Where k is the number of parameters in the statistical
model, n is the sample size and -2logL is the maximized
value of the log-likelihood function under the considered
model. The analysis of both the data sets is performed
through R software. The MLEs of the parameters are
obtained with standard errors shown in parentheses.
Further, the corresponding log-likelihood values, AlC and

BIC are displayed in Table land 2.

10.1 Simulated Data

In the simulation study, three data sets of size 50, 60

and 70 have been generated from R software to
examine the performance of the new model over its
sub models. The values of the parameters are chosen
a=2.0,4=1.5, and transmutation parameter & =0.3
. The data sets are obtained by using the inverse cdf
method as discussed in section 6 and the summary of
results is presented in the table 1 below:

Table 1: MLEs of the model parameters using generated data sets, the resulting SEs in a side and Criteria for

Comparison
n Distribution 0 A s 4| Ac BIC
TGIRD (6;‘111‘;2954) ?6.726;’2283) (%"(‘)22“‘1%‘;) 8200532 | 2258106 | 28.31713
GIRD (;:g;gzg) B (8:3‘2‘233) 11043216 | 24.86432 | 28.68837
IRD ~ B (8:85222) 3683595 | 756719 | 77.58392
s | TIRD ~ (3:22283) (8:ggg(ﬁ) 2279343 | 4958686 | 53.41001
TGSIRD ((1):%3471) (Olgfgfg) _ 20.82228 | 6364455 | 67.4686
GSIRD (ézgiggg) B ~ 4503757 | 9207513 | 93.98716
TSIRD ~ (ggfgfg) ~ 3692314 | 7584627 | 77.75829
TGIRD (;:%ggg) (()(5.717:78?8) (%'f(‘)zzi?é%) 6670248 | 193405 | 2562353
GIRD (g:zgfgg) B (8:3‘21222) 9311974 | 2262395 | 26.81264
IRD _ B (8:8%58) 42.88001 | 87.77801 | 89.87236
60 TIRD _ (é:ggggg) (8:%321) 2570763 | 5541526 | 59.60395
TGSIRD ((1):2%33) (gé’?ggg _ 3355117 | 7110233 | 75.20102
GSIRD (1(59163775892% B _ 5195221 | 1059044 | 107.9988
TSIRD ~ (01607%%07‘; ~ 4310461 | 8820922 | 90.30356
TGIRD (;igggg) (()6.72655272) ( 064022107071) 7367017 | 2073403 | 27.47952
GIRD (gégfig) B (8:?);‘?22) 11012916 | 24.25833 | 28.75532
IRD _ B (82843147182) 4992224 | 1018445 | 104.003
70 TIRD _ (é:ggggg) (8:83288) 2080085 | 63.60171 | 68.0987
TGSIRD é:ggggg) ((}gggfg _ 3898326 | 81.96652 | 86.46351
GSIRD é:ggg?g) B _ 6048912 | 1229782 | 1252267
TSIRD ~ ((}ggggg ~ 5017406 | 102.3481 | 104.5066
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10.2 Real Life Data

Here we consider the two real data sets pertaining to
medical science and engineering field respectively as given
under and the results are presented in the table 2.

Data set |: The first real data set is a subset of the data
reported by Bekker et al. [19], which corresponds to the
survival times (in years) of a group of patients given
chemotherapy treatment alone. The data consisting of
survival times (in years) for 46 patients are: 0.047,0.115,
0.121, 0.132, 0.164, 0.197,0.203, 0.260, 0.282, 0.296,
0.334, 0.395, 0.458, 0.466, 0.501, 0.507, 0.529, 0.534,
0.540, 0.641,0.644, 0.696, 0.841, 0.863, 1.099, 1.219,
1.271, 1.326, 1.447, 1.485, 1553, 1581, 1.589,
2.178,2.343, 2.416, 2.444, 2.825, 2.830, 3.578, 3.658,
3.743, 3.978, 4.003, 4.033.

Data set |1: The second data set is the failure times of 84
Aircraft Windshield. The windshield on a large aircraft is a
complex piece of equipment, comprised basically of several

layers of material, including a very strong outer skin with a

heated layer just beneath it, all laminated under high
temperature and pressure. Failures of these items are not
structural failures. Instead, they typically involve damage
or delamination of the nonstructural outer ply or failure of
the heating system. These failures do not result in damage
to the aircraft but do result in replacement of the
windshield. These data on failure times are reported in the
book “Weibull Models” by Murthy et al. [20]. The failure
times of 84 Aircraft Windshield is

0.040, 1.866, 2.385, 3.443, 0.301, 1.876, 2.481,
0.309, 1.899, 2.610, 3.478, 0.557, 1.911, 2.625,
0.943, 1.912, 2.632, 3.595, 1.070, 1.914, 2.646,
1.124, 1.981, 2.661, 3.779,1.248, 2.010, 2.688,
1.281, 2.038, 2.82,3, 4.035, 1.281, 2.085, 2.890,
1.303, 2.089, 2.902, 4.167, 1.432, 2.097, 2.934,
1.480, 2.135, 2.962, 4.255, 1.505, 2.154, 2.964,
1.506, 2.190, 3.000, 4.305, 1.568, 2.194, 3.103,
1.615, 2.223, 3.114, 4.449, 1.619, 2.224, 3.117,
1.652, 2.229, 3.166, 4.570, 1.652, 2.300, 3.344,
1.757, 2.324, 3.376, 4.663.

3.467,
3.578,
3.699,
3.924,
4.121,
4.240,
4.278,
4.376,
4.485,
4.602,

Table 2: MLEs of the model parameters using real data sets, the resulting SEs in a side and Criteria for Comparison
Data | Distribution | @ 9 A iy 4| Al BIC

TGIRD (Ob?f‘o‘igﬁé) (8%222) ééﬁgg) 67.22199 | 140444 | 145.864

GIRD (%%%54%) _ (71'.11%1(;%) 72.14705 | 148.2941 | 151.9074

IRD B B (‘(‘)%127198% 11150868 | 232.1737 | 233.9803

Data TIRD B (001211353)5 (‘(‘)'35257‘297) 1103.9305 | 211861 | 2154743

TGSIRD (%)gi%i) (0(_)5722%? B 7751399 | 155428 | 1557.893

GSIRD (%)'_%?122) B B 776.6437 | 1555.287 | 1557.094

TSIRD _ (O?izé%%;f B 7751712 | 1552342 | 1554.149

TGIRD (%_%285%% (6%22;’3)4 (%%17%2% 2056284 | 457.2569 | 464.5848

GIRD (%'_%822%%) B (%ég;%%) 248.8307 | 501.6614 | 506.5467
IRD ~ B (gfgggé) 4034537 | 808.9073 | 811.35

Ee";‘tﬁ TIRD B (O'%g;;"g; (%iss%g%) 3551746 | 714.3492 | 719.2345

TGSIRD (%B%%%%) (o%ggggf _ 779.0335 | 1562.067 | 1566.952

GSIRD (g:gggi’% ~ _ 791.8212 | 1585.642 | 1588.085

TSIRD ~ (0%223%9 B 784.8918 | 1571.784 | 1574.226
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11Conclusions

This manuscript deals with the introduction of transmuted
generalized inverse Rayleigh distribution which is the
generalization of many distributions viz GIRD, IRD, TIRD,
TGSIRD, GSIRD and TSIRD. The main aim of the paper is
to study its different statistical properties like moments,
harmonic mean, survival function, hazard rate, Renyi
entropy and maximum likelihood estimation. Further, the
postulated distribution is compared with its different sub
models in terms of fitting. This newly proposed model has
been applied to both the generated as well as the real life
data sets. The results obtained are displayed in table 1 and 2
respectively which show that the proposed distribution has
lesser values of AIC and BIC than its different special
cases. This proves that the newly developed model provides
better fit than its sub models.
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