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Abstract
This paper considers the Bayes estimate of Location parameter o of three parameter Generalized Compound Rayleigh
distribution with a chaotic loss known as General Entropy loss function (GELF). The Lindley approximation is applied
to obtain the Approximate Bayes estimate of Location parameter of Generalized Compound Rayleigh distribution under
the GELF. The obtained results are compared through R-programming.
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1. INTRODUCTION

The pdf Generalized Compound Rayleigh Distribution is given by
1
fOsa,B,y) =7 Frx@ DB + x5 xa By >0(11)
as special case of the three-parameter Burr type XII distribution Dubey(1968)

Distribution Function is given by.

1
F)=1-(1-px") v ; X0, B,y > 0(1.2)
The symmetrical Loss function associates the equal importance to the losses due to overestimation and under estimation

with equal magnitudes however in some estimation problems such an assumption may be inappropriate. Overestimation
may be more serious than underestimation or Vice-versa Ferguson (1967).

. In this case

| D

In many practical situations, it appears to be more realistic to express the loss in terms of the ration
Calabria and Pulcini (1994) points out that a useful asymmetric loss function is the Entropy loss

L(®) a[8” ~plog,(8) —1 ;Where & = 2(1.3)

And whose minimum occurs at & = 6 where p>0, a positive error (8 > 8) causes more serious consequences that a
negative error and vice-versa. For small |p| value the function is almost symmetric, when both 8 and 6 are measured in
a logarithmic scale and approximately.

L(6) = b[§ —log.(8) —1]; b >0; Where 6§ =-(1.4)

| D

Corresponding Author: Prof. Uma Srivastava
1.Department of Mathematics & Statistics, DDU Gorakhpur University, Gorakhpur, UP, 273009 (India)
2.KIPM College of Engineering, GIDA, Gorakhpur, UP, India

Email- umasri.71264@gmail.com

1862
DOI: 10.53555/VV2316/400247



International Journal of Psychosocial Rehabilitation, Vol. 23, Issue 06, 2019
ISSN: 1475-7192

2. TheEstimators

Letx; <xp, < e < x,be the n failures in complete sample case. Thelikelihood function is given by
_a N a-171n _(%J“l)
L(xla,By) = y—nﬁ Y11 % 11 (B + x;a) (2.1)

L(gla, B, y) = (%)n Ue_T/Y(2.2)

Where

a—1
xj

.a
B+x;j

T =¥y log [1 +7-|andu = [T,
from equation(2.1),the log likelihood function is
LogL = nloga + slogﬂ —nlogy + (a — 1) X}, logx; — G + 1) = log(B + xja)(2.3)

The maximum likelihood estimators (MLE) of the parameters namely @z, Buir ad  PuzWhich can be obtain by
differentiating equation(2.3) with respect to «, § and y and solving by Newton Raphson Method.

3.Bayesian Approximation ofunknown Locationparametera (Lindley(1980), Solimon (2001)

The Joint prior density of the parameters «a, 8,y is given by

G(a,B,7) = g1(Wg(B)gs(vIB) (3.1)

where

(@) = c(32)
1 _B

0:(8) = e5(33)

9a1) = 2 p5y 16 T(34)

The Joint posterior combing the likelihood equation(2.2) and joint prior equation(3.1) is

p=Syé*teap|-(5+5)] Ll 35)
I fg fy ﬁ_§}/§+1exp[—(%+§)].L(gla,ﬁ,y)dad[;’dy\ '

h*(a, B ylx) =

The Approximate Bayes Estimator is given by
U () =U(a,p,y) (3.6)

Jo Ip I, V(@BY)G" (@B y)dadpay

Ops=E(U |x) =
ss= E(U1x) Iy Iy §, 6*(@py)aaapay

(3.7)

Approximation Through Lindley
Lindley Approximation Procedure

The Bayes estimators of a function u = u(6,p) of the unknown parameter 6 and p under squared error loss is the
posterior mean

. Il w(0.p)n* (0, p|x)doap
Hps = E(M'E) = I h*(e,p|£)d9dp {3.78)
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The ratio of integrals in equation (3.7a) does not seem to take a closed form so we must consider the Lindley
approximation procedure as

J 1(6).el®+p®) g9
E(u0,p)|x) = T2 (3.70)

Lindley developed approximate procedure for evaluation of posterior expectation ofu(8). (see Sinha(1986),Sinha and
sloan(1988),Soliman(2001)).The posterior expectation of Lindley approximation procedure to evaluate of u(6) in
equation(3.7a and 3.7b) under SELF, where wherep(8) = log g(8) , and g(8) is an arbitrary function of 6 and /() is
the logarithm likelihood function (Lindley (1980)).

The modified form of equation (3.7) is given by

1
E(U (a,ﬁ,y|x) =u (@) + ‘[A(U1 011 tUy 015 +U3 013) + B(U; 031 +U, 035 +U3 033) + P (Ug 034 +U, 03, +
Us 033)] + (Uy a; +U, a, +Us as + a, + as) + 0( )(3 8)Above equation is evaluated at MLE = (&, 8,7)

where
i = P1011 + P01, + P3013 (3.9)
Ay = P1031 + Pr03; + P3033 (3.10)

Az = P1031 + P03, + p3033(3.11)

a, =Uqy 015 +Uq3 013 U3 053 (3.12)

as = %(U11 011 +Uy; 055 +U33 033); (3.13)

And

A = [o11l111 + 2015l51 + 2013031 + 20530531 + 022021 + 03305311(3.14)
B = [041l112 + 20151155 + 2043l135 + 20531535 + 0551555 + 033133,](3.15)
P = (0111415 + 2043li33 + 20151125 + 20231533 + 0951555 + 0331333](3.16)
To apply Lindley approximation on equation (3.8), we first obtain

o = [~ly] ik =123

Likelihood function from equation (3.2) is

,8 [17-1 % T} 1(ﬁ+x] ) D (%, a,,y > 0)

x] logx]
B+x;@

Log L =nloga —nlogy + ;logﬁ + (@ — 1) X7, logx; — G + 1) Yia - @3.17)

Nowl;,.'s are the partial derivatives of a, 8,y respectively of equation(3.17), given as

2n 2n

lin = ; ( + 1) wi33Wherew,; 33 = 3

" 3319
1 (3.19)

x] (ﬁ x] )(10ng) (318) 1222

rre) =52 (% + 1) 813where 83 =

2n _ 6n logp

lygs = — 22
333 ]/3 yt

+5 ® 810 Wheres,, = Ty log (B + x;)(3.20)
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lj, = (%+ 1) Wyp3Wherew, ,; = 7 1X] (B - xj )(1ogx1) (3.21)

(B+x;%)°
and  ly1; = Ly
_2B _ vn  %%Uogx))?
liyz = y2 @122 where W1i22 = Lj= 1([;— (3.22)
1 xi%logx;
1221 = _2 (; + 1) (U113 Where (IJ113 = 7 (;; )] 3)
ly21 = 12
ly23 = #_( )2 §,whered,, = X7 108 % (3.24)
2 x;%logx;
l331 = _ﬁwll Where wll 7 1 (]ﬁ+x a)] (3.25)
l3z1 = l313
9 [ 02 2 (n
bse =5, (575) =75~ 0n) (3.26)
l332 = 33
la31 — % (3.27)
l31 = la13
Lgs = =% (3.28)
lizz = li3;
lygy = 2y MTIBY 2 (399
133 y2 j=1 (B"'xja) y2 11\9-
1 logx
l122 =-2 (; + 1) w113Wherew113 Z] 1 ] (3 30)
2n 1 2
lyzz = a3 Z] 1 — (B 511) (3.31)
The matrix of derivatives is given as
Lir hiz lLas
[_lijk] =—|l21 la2z ly23] (3.32)
331 33z 333
2n 1 1 B
Pl <}/ + 1) w133 ) <; + 1) Wi23 _ﬁwuz
1 2ny n 1
= —2 <_+1> (1)113 ,y—ﬁ3_2< + 1)613 W ]/2 12
-2 -2 /n 2n 6nlogB 6
3 W11 ;W(;_é\n) ,_F_T 4510

DOI: 10.53555/VV2316/400247

1865



International Journal of Psychosocial Rehabilitation, Vol. 23, Issue 06, 2019
ISSN: 1475-7192

Mll M12 M13

[_lijk]z[MZI My, My
Mz, Ms, Mss

Determinant of [_lijk]xD = {My1[M3;Ms3 — May3Msy] — Myp[Myy Msz — M3y Mas] + My3[Myy M, —

M, M33]3(3.33)
[ ]_1 (Ad]omtof[ l”k]
ijk D
i Y s
D D D
o] Yt
Lk D D D
D D D

. 011 012 013

[_lijk] =021 022 023(;(3.34)
031 032 033

Approximate Bayes Estimator
U (a,By) =u
Uap=E(U %)
evaluated from equation number and from joint prior density, we have
G(a,B,y) = g(a)g.(B)gs(v1B)

p =logG =logC —logé — log[¢ + (£ — Dlogy — élogP

Yy, B
- (E +£) (3.35)
logG= constant — &logp + (£ — Dlogy — % _g

)
p1 = i = 0(3.36)

[
po =30 = 7+ 1 —5(33D)

56 B
_%_§1_ 1
3= 2= 70— 1(3.38)

Using equation(3.14) to equation(3.33), we have

A=5[1 (B -G+ 1) oms) + 20 (1) w15 + 2Yis Bwnzs = 2555 = 205, (5 4+ 1) i3 = 5 V55011 [(3.39)

B=1 [( 1) gzt — Mg (24 1) wrra — 2053 (—22) + (Vo +2030) (o = 612) + Vi <__

]/3

2

n

(_

B

o)

Y
(3.40)
1|Y; 2Y; 4Y; 4Y- 2 6nl
) [;—1260)122 - 1}/2_4(1)14 - % + y§3 ( 611) e ( Y282 2 612) + Ya (_y_;l - Ogﬁ T 610)](3 A1)
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Now
Uap=E(U |x)

EW|x) =u+ (uay + uza, + usas + azas)
+ % [A(uy011 + U015 + u3013) + B(uy021 + Up055 + U3023) + P(u1031 + Up03; + U3033)]
1
+0(33)
EUIx) =U+¢,+ ¢, (3.42)
where
@1 = U aq +uya, + usas +a, + ag (3.43)
02 =5 [(Aoyy + Boyy + Po31). Uy + (A0y, + Bog, + P03,). Uy + (Aoys + Boys + Pas)Us(3.44)
evaluated at the MLEU= (&, 8, 7)where
a; = 0.0y, + (§+#—§)Yg—2+ (%—%)%(3.45)
Ay = P1021 + P2022 + P3023
a, = 0.0y, + (%+%—§)%2+ (%—%)%(3.46)
as = 0.0 + (§+#—§)%+ (%—%)%(3.47)
@y = 22Uy, + 22U 5 + 22U,45(3.48)

1
as =75 (Y11U11 + Yo Uyy + Y33Us3) (3.49)

3.Approximate Bayes Estimator under General Entropy loss function(GELF)

ﬁABE = [Eh (%)]_1(3-50)

Where;

_ JoJ 36" @By dadpay
Eu(01) =75 o, @b daapay 0V

The equation(3.50)is evaluated by method of Lindley approximation by replacing@inu (a, 8,v)
Special cases—

Approximate Bayes Estimate of

1
U (avﬂ' y) =U=—

a
1 1
E (; |£) =—+ o1+ (3:52)
a (1 1 0 1 2
U= %(E) = —p H U= £<_?) = 5; U12=Uy3=0
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Uy =Uy1=Up=Up3=0

U3=U3;=U3;=U33=0
1

E(;I&) =U+ ¢+ o,

Q1= _alz [(;-'_B_Z_%)&-I_(s;_l-l_ )Y13]+Y13 Y11(353)

1
P2 = _ﬁ(AJn + Boy, + Po3,)(3.54)

Appp = a[l —a™'A,]7Y; at (&ML'[’SML,?ML) (3.55)

where;

_[(=£ __1)1’1_2 (ﬂ_l)k_& l&(z_"_(l ) Y12( )
bo=|F+E-3) 2+ ()22 [ E -G )os +22(+ ) w +22 50y, -
Yo3 w Y; 2Y Y; Y Y; 1 4Y; 2Y13 w
2128 Yo 3 B 5 ) )
Y22+2Y33 n 1 Y33 Y31 [Y11 B 2Y12 w14 4 Vi3 W31 | 4Y23
<T>-<2ﬁz—y—zau>+;(ys< %))]u ey, - B e iy (5, )

enlogf
r*

taz (ﬁ _ +2 610)](3 56)

Numerical Comparison

Y- Zn
6 ) 133 (
y2 12 v3

The simulations and numerical calculations are done by using R Language programming and results are presented in
form of tables in table (1).

1. The Random variable of Generalized Compound Rayleigh Distribution is generated by R-Language programming by
taking the values of the parameters «,8,y, takenas a = 0.85, 8 = 0.71 and y = 0.95 equation(1.1).

2. Taking the different sizes of samples n=10(10)80 with complete sample, MLE's, the Approximate Bayes estimator
,and their respective MSE's (in parenthesis) are obtained by repeating the steps 500 times, are presented in the table
from (1), and parameters of prior distribution a =3 and b =4.

3. Table (1) also presents the MLE of parameter of y (for known a and ) and Approximate Bayes estimator under
GELF (for a« unknown) and their respective MSE's.

Table (1)
Mean and MSE'S of a

(@ =085, =071landy = 0.95 )

n 10 20 30 40 50 60 70 80
@y, | 07546328 | 0.7589642 | 0.8125469 | 0.8645712 | 0.9451287 | 0.9998756 | 1.3000043 | 1.9000032
[0.152134] | [0.126537] | [0.098745] | [0.007451] | [0.004213] | [0.004154] | [0.000231] | [0.000321]
@upp | 07789877 | 0.8007956 | 0.8123467 | 0.8897454 | 0.9710110 | 0.9978542 | 0.9888757 | 1.0121435
[7.15¢-04] | [8.23e-04] | [8.24e-04] | [0.001415] | [0.001725] | [0.001124] | [0.004221] | [0.004222]
1868
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