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Abstract

This paper is concerned with minimax shrinkage estimator using double stage shrinkage technique for lowering the mean squared error,
intended for estimate the shape parameter (o) of Generalized Rayleigh distribution in a region (R) around available prior knowledge (o)
about the actual value (o) as initial estimate in case when the scale parameter (1) is known .

In situation where the experimentations are time consuming or very costly, a double stage procedure can be used to reduce the expected
sample size needed to obtain the estimator.

The proposed estimator is shown to have smaller mean squared error for certain choice of the shrinkage weight factor y(-) and suitable
region R.

Expressions for Bias, Mean squared error (MSE), Expected sample size [E (n/a, R)], Expected sample size proportion [E(n/a,R)/n],
probability for avoiding the second sample [p((? eR)] and percentage of overall sample saved %p@e R) *100] for the proposed esti-
mator are derived.

Numerical results and conclusions for the expressions mentioned above were displayed when the consider estimator are testimator of
level of significanceA.

Comparisons with the minimax estimator and with the most recent studies were made to shown the effectiveness of the proposed estima-
tor.

Keywords: Generalized Rayleigh Distribution, Maximum Likelihood Estimator, Minimax Estimator, Double Stage Shrinkage Estimator, Mean Squared
Error and Relative Efficiency.

1. Introduction f(X: 0,1 = {ZOLKZX o)’ (1—!3_(}”)()2 )OL_1 for x>0,a,A>0 @)
0 0.W.
Burr [4] introduced different forms of cumulative distribution
functions for modeling lifetime data. Among those distributions, ~ Where, o and A are the shape and scale parameters respectively.
Burr Type X and Burr Type XII are the most popular ones. Sever- A double stage shrinkage estimator procedure has the following
al authors considered different aspects of the Burr Type X and  steps:
Burr Type XII distribution, see for example [12], [14] and [19].  Let xy;; i = 1, 2... ny be a random sample of n, from GR distribu-
Also, Burr Type X has been studied by [3] and [13]. tion and Gy be a "good" estimator of o based on these n, observa-
Two parameters Burr '_I'ype X dls_trlbu_tlor) anq correc_tly named 8 tjon. Construct a preliminary test region R in the parameter space
two parameter Generalized Rayleigh distribution are introduced in based on o and an anoronriate criterion for test statistic
[15] and [16]. They showed that the two parameters Generalized « A o ANe App P . o
Rayleigh distribution can be used quite effectively in modeling ~ !f 61 € R, shrink Gy towards oo by shrinkage weight factor
strength data and also in modeling general life time data. Different 0 < w(&) < 1 and wuse the shrinkage estimator
estimators are considered in [7] and they studied how the estima-
tor of the different unknown parameter behaves for different sam- ] ) o .
ple size. If &1 ¢R, obtain xy; i = 1, 2... n,, an additional sample of size n,
The two parameters Generalized Rayleigh (GR) distribution has  and use a pooled estimator bp of a based on combined samples
the following distribution function:

w(a1)6q + (L—w(Gq))og , for estimate a.

ofsizen=ny+ny ie; dp :M_
. _M_a—(AX) 0
e e I forx>0,0020,2.>0 @) Thus, the double stage shrinkage estimator (DSSE) of o will be:
Thus, the probability density function (p.d.f.) of (GR) distribution @) + (1 Wy (@) i € R
; - { a@,,ifa, € R ©))
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The motivation of this study was provided by the work of [1], [2],
[6], [9] and [18].

The minimax estimation is an upgraded non-classical approach in
the estimated area of statistical inference, which was introduced
by Abraham Wald (1945) from the concept of game theory. It
opens a new dimension in statistical estimation and enriched the
method of point estimations. Von Neumann [1944] introduced the
word minimax in game theory which is the optimum strategy of
the second player in the two person zero game. According to
Abraham Wald, “minimax approach tries to guard against the
worst by requiring that the chosen decision rule should provide
maximum protection against the highest possible risk”. An estima-
tor having this property is called a minimax estimator. The most
important elements in the minimax approach are the specification
of the prior distribution and the loss function used. In this paper,
modified linear exponential (MLINEX) loss functions have been
used to obtain the minimax estimators of the parameter of the
Generalized Rayleigh distribution, [5], [8], [10] and [11].

The aim of this paper is to create the double stage shrinkage esti-
mator (DSSE) @pg defined by (3) during employ the minimax
estimator (Gg; = Quwmy) instead of the classical estimator (MLE)
@, for estimate the shape parameter (o) of two parameters General-
ized Rayleigh (GR) distribution when the scale parameter (1) is
known.

The expressions of Bias, Mean squared error (MSE), Relative
Efficiency [R.Eff(-)], Expected sample size, Expected sample size
proportion, probability for avoiding the second sample and per-
centage of overall sample saved are derived and obtained for the
proposed estimator .

Numerical results and conclusions due mentioned expressions
including some constants are performed and displayed in annexed
tables.

Comparisons between the proposed estimator with the minimax
estimator g, and with some of the last studies are demonstrated.

2. Minimax shrinkage estimator of a

In this section, we obtain the minimax estimators of the parameter
a for the Burr-X distribution. The derivation depends primarily on
a theorem, which is due to Hodge and Lehmann (1950), [5], [8],
[10] and [11], and can be stated as follows:

Lehmann’s Theorem: If T = {F,; a € 0} be a family of distribu-
tion functions and D a class of estimators of a. Suppose that
d* € D is a Bayes estimator against a prior distribution&* (o) on
the parameter space® , and the risk function R(d*, o) constant on
@ ; then d* is a minimax estimator of a.

3. Main results

Theorem: Let Xq1,X»,..,Xpn be n independently and identically
distributed random variables drawn from the density (2), then

1
N WY ONT: Gyt -
d* = aym = [F(n_c)] /3, in(1—e~?*7) " is the minimax

estimator &, of the parameter a for the MLINEX loss function
of the type,

L(a,dy) = u)[(%B)c - cln(%B -1 0w>0,c#0 4)

Where d* is the estimate of o, wand ¢ are two known parameters
the loss function.

Proof: to prove the theorem we have to use Lehmann’s theorem, in
order to prove the theorem it will be sufficient to show that

r'(n) % 1

Tm-0l 50 in(1-e-®x?)
v Of a for the loss function (4). For this, first we have to find
the Bayes estimator d* of a. Then if we can show that the risk of

d* =ag =[ — iS a minimax estimator

d* is constant, then the theorem will be proved. As before, using
the non-informative prior, we get the posterior distribution of a as:

ML, fexi00] g()

glalxy, X, vy Xp) = T foow0] @ da
< g(a|X1,X2, "'Xn) = .
n-1 -1 0 _gyn - —(7"‘i)2 )
T Cliln(1—em®%) 7y e (=) s a5 0,60
0 ()

Now the Bayes estimator of a under the MLINEX loss function
4)is:

d" = Qg = [Ea(a_c)]_%
Where
E(a™) = [, a~g (alx)dax

—q1n _
_ B o el g g

-1 n
_ (E?=1(1—e_0‘xi)z) ) r'(n—c)
= - -1 n-c

r'(n) (2;‘:1(1—e—0"‘i)2) )

_ T'(n-9)

- 2 — c
09 (B (1 - e @)

Using this result we get

_1/
o n- —Ox: -1_© c
¢ = g, = (2 (o, (1 - e 00 ] =
[l"(n—c)]_l/c 1 _ K
a1 g n(imee?) T T
I'(n-c) e b1
Where K:[ =) and T:]nZ{lzl(l — e~ (xp) ) is the com-

plete sufficient statistic for a.
Now the risk function under the MLINEX (4) is given by

Ry(a) = E[L(a, @gpy)]

—cln (%) -1

= W[ E(@*) = cE(n@pyy,) + clna —1]

-on ()

Hence we get,

EGp) = E[(X) ] = K°E[(T)]

And

E(T™) = [t~ h(t)dt

; h(t) is function of gamm distribution

_ a® o gt (n-c)-1
—r(n)fo et dt

_zx”F(n—c) _a”]"(n—c)
T r(marc ~  T'(n)

Using this result we get

1\C
~ ¢y _ K¢ar(n—c) _ rm) \c| a‘rn—c) _ .
E(aBML ) - r(n) - {(F(nfc)) } rm) a

And
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E(In@gy) = Ein ()] = inK —EQnT)
Here,
E(InT) = —f Inte *t"14dt.

r(n)

Using therelationat =y =t = éy
1

s dt = ;dy

We get

T = 2 () ()

_Tlna n 1 n—l
=T fo dY+r(n) “lny e dy
_ lna
T Ty )
—lna+=t )
r(n)

Where I''(n) = f0°° Iny e Yy"1dy is the first derivative of
I'(n) with respect to n.
Using these results we get

r'm

ImK+Ina— :
r(n)

E(lnapy,) =

Now the risk function becomes

cr'(n)
Ry(a) = w[ +clna—clna —clnK + ) 1]
_ _ cr'(n)
—w[an C+_r(n)] (6)

Which is constant w.r.t ¢, as ¢ and n are known and independent
on.

So from Lehmann’s theorem it follows that d* = @ = @y =
[ rn) % 1
r(n-c) Z?:lln(l—e'(’lxi)z)
rameter a of the Generalized Rayleigh distribution under the
MLINEX loss function (4)

As well-known, the maximum likelihood estimator (MLE) for the
shape parameter of two parameter GR (a,A) when A=
1 (A is konwn), is

— is the minimax estimator of the pa-

— U]

pi ln(l—e"‘l )

Amie = —

Note that, if x; ~ GR (a,1), then az InL—e~X') follows Gamma
i=1

distribution with shape parameter (n) and scale parameter 1;

G(n,1).

n? 2

a and var(a?mle) = ma

e E(@me) =

By using (7),

let @ = = Qe =73 T = —aXin(1—e™)~G(n,1), (8)
Then

E(@p) = E@ne) = 55

« Bias(@g) = E(@) — a = e=%n=1)

n-1

2
K 2

N K\? .
Var(@g) = (;) Var(@me) = —(nil)z(niz)a

K2 o+ (Ka—a(n—l))z

~ MSE(@p) = Var(&p) + [Bias(@p)]? = D2 n2) n-1

K+ K*(n—2)a? = 2K(n - D(n - 2)a’ + (n - 2)(n — 1)*a?
- n-1)2n-2)

4. Double stage shrinkage estimator (DSSE) &

In this section, we consider the (DSSE) @pswhich is defined in (3)
using @g defined by (8), when ¥(&,)=h= ? Z =

_[rm
Xz(l_%z”) &k = [ )] such that (0 < h < 1) for estimate the

shape parameter o of GR distribution when A =1

_ (has + (1= Way,if @, €R
Aps = 5 _ nl@p;+n2@p, lf Gni @R (9)
- ’ B1

Where &g, is the minimax estimator of « in the sample (ni);i =
r(ni) % 1
r(ni-c) E?:il ln(l—e_(’l"j)z)

1,2.i.e.dp = [ —, and R is a pretest

region for testing the hypothesis Hy: @ = ayVvs. Hy = a # agwith
level of significance (A) using test statistic function TT = Zkao

@p1

ieiR=la<Z2< b] (10)

Wherea = X2 ;_s 201y @NA b = X2 45015

Avre respectively the lower and upper 100(A/2) percentile point of
chi-square distribution with degree of freedom (2n,).
The expression for Bias of DSSE (&) is defined as below

Bias(psla; R) = E(Gps — @) = [ o [h(@p — ao) +
(ap — a)]f (@p1)f(@pr)d@p dag, +
fasz OfagleR( —a)f(@p1)f (@pr)daAp,dap,

Where R is the complement region of R in real space and
ag;~IG(n, ka) such that:

n+1 _ka
( ka) e g
\agi)

r(n).ka

f@g) = @p; >0 (11)

We conclude,

Bias(dpsla; R) = a{5¢jo(a’,b") =232, (@, b") + (§ = Djo(a’,b) +
() (522 () 2] - () ) - a1 -

1+u. (n1-1) 1+u. (n2-1)
u k—(n2-1)
(E)[ (n2-1) ] ( b)}
b* n-1.-y
Where Jy(a*,b*) = [ y~ ﬁdy,e 01,2 12)
a*
Also
(=2,a" =) a,b' =) ™Mb u="2andy = (k/&m)a (13)
The Bias ratio [B (-)] of DSSE (&ps) is defined as:
B(&Ds) _ Bias(@psla;R) (14)

a

The expression of Mean squared error [MSE(-)] of &pg derived as
below:-
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o

MSE(@psla; R) = E(@ps — ) = [ _,
((Zoo = )’ f(@p1)f (@pz)ddp, ddp, +
fagzzo faBleﬁ(&p = a)*f(@p1)f (@pz)dap d@p,

faglER[h(&Bl —a) +

And by simple computations, one can get:

MSE (@psla; R) =
@ fE80ab) — 2503 (@, b7) + 544, @, b) + 2506 -
Dfp(a’,b) =222 = D', (@', b") + G = D¥o(a’,b) +

( 1 )2 [kz+k2(n1—2)—2k(nl—1)(n1—2)+(n1—2)(n1—1)2]
— +
1+u (n1-2)(n1-1)2

u k—-(n1-1)] [k—-(n2-1)
2((1+zzz)2)[ (n1-1) ][ (n2-1) +
“u )2 [KP+k2(m2-2)-2k(n2-1)(n2-2)+(m2-2)(n2-1D?] _ (1 \3 —
(1+u) [ (n2-2)(n2-1)2 (1+u) LEACYLY)
* px * pe\] u k-(n2-1) *pEY
20efy (a5 + Jo(@', b)) = 2 () [ [k e, b)

. s 2 k2 +k2(n2-2)-2k(n2—1)(n2—2)+(n2-2)(n2—1)? _—
Jola', b)) = () [tk D et 0021 g )

1+u (n2-2)(n2-1)2

Now, the Efficiency of @pg relative to @z, which is denoted
by R.Eff(@psla; R) is defined by:

MSE (Gp1)

R-Eff(apsla; R) = MSE (@ps|a;R)-[E(n/o,R)/n) (15)

Where E (n/a,R) is the Expected sample size, which is defined as:

E(n/oR) =n[l—ﬁ\]0(a*, b*)}. (16)

As well as the Expected sample size proportion E (n/a,R)/n equal
to

u
1- L Jg(a* b* 17
0 o(a*,b*) (17

1

Also, we have to define the percentage of the overall sample saved
(p.0.s.s.) of &ps as:

p.0SS. = n?zJo(a*, b*) 100 (18)

And, finally, p(&, € R) represent the probability of a voiding the
second sample (stage).
See for example [1], [2]. [6], [9], and [17].

5. Discussion and numerical results

The computations of Relative Efficiency [R.Eff (-)] and Bias Ratio
[B (-)], Expected sample size [E (n/a,R)], Expected sample size
proportion [E(n/a,R)/n], Percentage of the overall sample saved
(p.0.s.s.) and probability of a voiding the second sample [p(&; €
R)] were used for the estimator @,s. These computations were
performed using Mathcad program for n; = 4,6,8,10,12, u(= n,/n,)

viii)

=2,6,8,10,12, {= op/a = 0.25(0.25)2, A = 0.01,0.05,0.1,c=2 and h
_ kao
az’

By using Mathcad program some of these computations are given
in the tables (1)-(13).

The observation mentioned in the tables lead to the following
results:

i) The Relative Efficiency [R.Eff(-)] of @ps are adversely pro-
portional with small value of A especially when { =1, i.e. A
=0.01 yield highest efficiency (see Tables (1), (5) and (9)).

ii)  The Relative Efficiency [R.Eff ()] of &@ps has maximum val-
ue when a = @, (¢ =1), for each n;,A and decreasing oth-
erwise (¢ #1). This feature shown the important usefulness
of prior knowledge which given higher effects of proposed
estimator as well as the important role of shrinkage tech-
nique and its philosophy (see Tables (1), (5) and (9)).

Bias ratio [B (-)] of @pg are reasonably small when a = a,
for each n;, and same A, and increases otherwise. This prop-
erty shown that the proposed estimatoraiyg is very closely to
unbiasedness property especially when o = a, (see Tables
(1), (5) and (9)).

The Effective interval of dpg [the value of &g which makes
R.Eff(-) of @pg greater than one] is approximate [0.25,2]
(see Tables (1), (5) and (9)).

v) Biasratio [B (-)] of @pg are reasonably large with small value
of u (see Tables (1), (5) and (9)).

R.Eff (¢ps) is decreasing function with increasing of the first
sample size n,, for each A and T (see Tables (1), (5) and (9)).

The Expected value of sample size of @pg is close to ny, es-
pecially when T = 1 and start faraway otherwise (see Tables
(2), (6) and (10)).

Percentage of the overall sample saved [nTZJo(a*,b*) *100} is

i)

iv)

vi)

vii)

increasing value with increasing value of u (u =n, / n;) and
 (see Tables (4), (8) and (12)).

R.Eff(dps) is an increasing function with respect to u. This
property shown the effective of proposed estimator using
small ny relative to n, (or large n,) which given higher effi-
ciency and reduce the observation cost (see Tables (1), (5)
and (9)).

X)  The considered estimator @pg is better than the minimax es-
timator especially when a~ay, this will give the effective of
Oips relative to dg, and also given an important weight of
prior knowledge, and the augmentation of efficiency may be
reach to ten times (see Tables (1), (5) and (9)).

The probability of avoiding second sample of the considered
estimator &pg has a maximum value when a=qa, for each
n.;and A (see Tables (13)), this property shown the effective
of double stage shrinkage estimators to reduce the sample
size.

The considered estimator @pg is more efficient than the esti-
mators introduced by [7], [9] and [11] in the sense of higher
efficiency.

Xi)

xii)

Table 1: Shown Bias Ratio [B (-)] and R.E.Ff of Apg W.R.T. A, N; and ¢ when U =6

A ny B() 0.25 0.50 0.75 1 1.25 1.50 1.75 2
4 g.(l_E)ff(—) 3.8375436 17.0374954  70.8568096  349.5356128 549780952  14.0415248  5.4920024 2.7364843
-0.7361405  -0.501523 -0.501523 -6.033328E-3  0.2202785 0.4065392 0.5400779 0.6198681
6 g.(l_f)ff(—) 2.2357931 13.2897009  67.9836612  446.9918537 52.0188327  12.0565522  4.4887373 2.2291462
2 -0.7372543  -0.5103292 -0.2546055 -6.621779E-3  0.2142392 0.3754864 0.45856 0.4679973
=
8 g.(l_f)ff(—) 1.6795106 10.2072117  64.3156313  516.2703674 49.0336014  10.5401112  3.8171404 1.9339236
-0.7386806  -0.5222446 -0.2572666 -6.849207E-3  0.2083544 0.3433069 0.3757137 0.3212556
10 R.Eff(-)  1.481969 7.8517441 60.3960552  568.5749596 46.1709369  9.3115594 3.3327567 1.747586
B(-) -0.7380109  -0.5368034 -0.2600615 -6.959501E-3  0.2023992 0.3100801 0.293013 0.1833459
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12 g.(l_E)f'f(-) 1.4170837 6.1274647 56.4217269 609.5683911 43.461959 8.2932353 2.9697037 1.6255451
-0.7358799 -0.5532719 -0.2630556 -7.021246E-3 0.1963193 0.2760166 0.2117398 0.0565818
4 g.(l_i)f'f(-) 2.0367028 9.4204389 45.3879879 121.737409 28.4121193 8.3573908 3.6165638 2.0052434
-0.7560093 -0.5288025 -0.2706274 -0.0339792 0.1509111 0.2681358 0.321622 0.3255413
6 g.(l_i)f'f(-) 1.531913 6.4309968 39.4013805 132.4978401 25.7079751 6.9676297 2.9899699 1.7201642
-0.7526109 -0.5520324 -0.2786634 -0.0346019 0.1376973 0.2142247 0.2063821 0.1428628
o 8 g.(l_i)f'f(-) 1.4063866 4.6773735 34.0398646 137.8569218 23.3723771 5.9898986 2.6003903 1.5721905
& -0.7470369 -0.5768396 -0.2869036 -0.0349426 0.1248292 0.1619428 0.1000978 -0.0140012
10 g.(l_i)f'f(-) 1.3830997 3.6073693 29.5192187 141.123789 21.3533649 5.2537323 2.3339035 1.4890989
-0.7414922 -0.6009981 -0.2952873 -0.0351368 0.1121118 0.1112742 2.8841824E-3 -0.1467708
12 g.(l_i)f'f(-) 1.3850913 2.9271336 25.7390545 143.3368334 19.5935066 4.6787938 2.1416783 1.4416449
-0.7370681 -0.623249 -0.3038255 -0.0352589 0.0994719 0.0623025 -0.0853298 -0.2577666
4 g.(l_z)ff(-) 1.6314999 6.1987327 28.3156034  55.2808856 17.4312967  6.0554446 2.9128384 1.7531484
-0.769969 -0.5598562  -0.297209 -0.0712784 0.0818908 0.1581071 0.1732989 0.1477248
6 g.(l_z)ff(-) 1.4051012 4.2510831 23.8450315  58.2022606 15.7526535  5.0976112 2.4700569 1.5607989
-0.7581989  -0.588899 -0.3085423  -0.0710792 0.0654675 0.0957881 0.0509138 -0.0331327
S 8 g.(l_E)f‘f(-) 1.369939 3.1978839 20.119457 59.4843514 14.3148601 4.4292617 2.1982133 1.4683349
-0.7487252  -0.6165186  -0.3204947  -0.0711455 0.0491657 0.0368678 -0.0570746 -0.1798678
10 g.(l_E)ff(-) 1.3741103 2.5822991 17.1643208 60.2163193 13.0867277 3.9307041 2.0143657 1.421593
-0.7419052  -0.6405443  -0.3325064  -0.0712066 0.0331166 -0.0186425  -0.1517676 -0.2977595
12 R.Eff(-)  1.3831841 2.2003462 14.8128696  60.6927863 12.0277307  3.5442343 1.8831179 1.3987802
B(-) -0.7371543  -0.6604705  -0.3444782  -0.071251 0.0173067 -0.0708363  -0.2343807 -0.3917032
Table 2: Shown Expected Sample Size of & W.R.T. A, U, and £ U=6
g
u n; A 0.25 0.50 0.75 1 1.50 1.25 1.75 2
0.01 10.798 5.143 4.325 4.240 4.648 5.627 7.099 8.881
4 0.05 19.205 8.242 5.508 5.200 6.236 8.131 10.419 12.752
0.1 23.066 11.040 6.888 6.401 7.822 10.147 12.700 15.117
0.01 26.800 9.296 6.669 6.360 7.175 9.329 12.617 16.490
6 0.05 37.397 16.108 8.862 7.800 9.824 13.789 18.493 23.051
0.1 40.135 21.252 11.247 9.600 12.355 17.108 22.158 26.640
0.01 46.605 15.134 9.160 8.480 9.844 13.681 19.512 26.099
6 8 0.05 54.321 26.604 12.647 10.400 13.725 20.457 28.199 35.250
0.1 55.498 34.003 16.225 12.801 17.289 25.188 33.207 39.823
0.01 65.545 22.965 11.820 10.600 12.661 18.713 27.761 37.483
10 0.05 69.521 39.398 16.878 13.000 17.935 28.089 39.309 48.859
0.1 69.892 48.586 21.812 16.001 22.616 34.290 45.532 54.116
0.01 82.277 32.904 14.665 12.720 15.634 24.447 37.308 50.366
12 0.05 83.886 54.006 21.566 15.600 22.458 36.636 51.611 63.466
0.1 83.980 64.339 28.000 19.199 28.327 44.315 58.859 69.103
Table 3: Shown Expected Sample Size Proportion W.R.T. A, U, N; and ¢
4
u n; A 0.25 0.50 0.75 1 1.25 1.50 1.75 2
0.01 0.386 0.184 0.154 0.151424 0.166 0.201 0.254 0.317
4 0.05 0.686 0.294 0.197 0.185719 0.223 0.290 0.372 0.455
0.1 0.824 0.394 0.246 0.22859 0.279 0.362 0.454 0.540
0.01 0.638 0.221 0.159 0.15142 0.171 0.222 0.300 0.393
6 0.05 0.890 0.384 0.211 0.185716 0.234 0.328 0.440 0.549
0.1 0.956 0.506 0.268 0.22857 0.294 0.407 0.528 0.634
0.01 0.832 0.270 0.164 0.15143 0.176 0.244 0.348 0.466
6 8 0.05 0.970 0.475 0.226 0.1857216 0.245 0.365 0.504 0.629
0.1 0.991 0.607 0.290 0.22858 0.309 0.45 0.593 0.711
0.01 0.936 0.328 0.169 0.151 0.181 0.267 0.397 0.535
10 0.05 0.993 0.563 0.241 0.1857 0.256 0.401 0.562 0.698
0.1 0.998 0.694 0.312 0.22857 0.323 0.490 0.65 0.773
0.01 0.979 0.392 0.175 0.151 0.186 0.291 0.444 0.600
12 0.05 0.999 0.643 0.257 0.186 0.267 0.436 0.614 0.756
0.1 1 0.766 0.333 0.229 0.337 0.528 0.701 0.823
Table 4: Shown Percentage of Overall Sample Saved W.R.T. A, U, Ny and ¢
4
u ny A 0.25 0.50 0.75 1 1.25 1.50 1.75 2
0.01 61.435 81.633 84.553 84.858 83.399 79.904 74.646 68.281
6 4 0.05 31.411 70.564 80.329 81.4281 77.729 70.961 62.790 54.456
0.1 17.621 60.571 75.400 77.140 72.065 63.762 54.642 46.011
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0.01 36.189 77.866 84.122 84.8571 82.917 77.788 69.959 60.739
6 0.05 10.959 61.648 78.900 81.4284 76.609 67.170 55.968 45.118
0.1 4.440 49.400 73.222 77.143 70.584 59.267 47.242 36.571
0.01 16.776 72.976 83.642 84.85722 82.422 75.569 65.158 53.39%4
8 0.05 2.998 52.493 77.416 81.427 75.491 63.469 49.645 37.054
0.1 0.897 39.28 71.027 77.141 69.128 55.021 40.703 28.888
0.01 6.364 67.192 83.114 84.857 81.912 73.267 60.341 46.453
10 0.05 0.685 43.716 75.889 81.428 74.378 59.874 43.844 30.202
0.1 0.155 30.591 68.84 77.142 67.692 51.015 34.954 22.691
0.01 2.051 60.828 82.542 84.857 81.388 70.897 55.586 40.041
12 0.05 0.136 35.707 74.326 81.429 73.264 56.385 38.559 24.445
0.1 0.024 23.406 66.667 77.144 66.278 47.245 29.929 17.735
Table 5: Shown Bias Ratio [B (-)] and R.E.Ff of Aps W.R.T. A, N; and £ when U =10
A ny I;.(I_E)ff(-) 0.25 0.50 0.75 1 1.25 1.50 1.75 2
4 I;'('_E)ﬁ(') 4.2817412 24.837005 120.507637 877.3512371 89.423265 19.9707311 7.1365084 3.3445721
-0.7671927 -0.5096518 -0.254967 -7.735955E-3 0.2183015 0.402778 0.5332053 0.6089276
5 I;'(I_E)ﬁ(_) 2.204676 17.6224172 110.1436233 973.7912909 81.3597131 16.4247816 5.5628186 2.6062566
-0.7948329 -0.523214 -0.2580198 -8.049341E-3 0.2119518 0.3695911 0.4465896 0.4483821
o 8 I;.(I-E)ff(-) 1.5503732 12.4103752 100.3133939 1.0278372E+3 74.4504247 13.8017704 45412861 2.1784313
2 -0.816409 -0.5411785 -0.2612029 -8.158315E-3 0.2056085 0.3350283 0.3582937 0.2928109
10 E'(I_:_)ﬁ(—) 1.3249242 8.879597 91.0438288 1.0631064E+3 68.3282951 11.766397 3.8289052 1.9064728
-0.8270109 -0.5627152 -0.2646341 -8.204528E-3 0.1991337 0.299253 0.269959 0.1462593
R.EFf(-) 1.2488485 6.5382455 82.3809757 1.088039E+3 62.8373031 10.1502825 3.3099691 1.7237528
12 ’
B0) -0.8301872 -0.5867193 -0.2683452 -8.226454E-3 0.1924972 0.2625142 0.182993 0.0112842
4 I;'(I_E)ﬁ(_) 1.9913485 11.010938 61.6130114 176.9731137 38.0323007 10.2786802 4.2098241 2.2560822
-0.812021 -0.5506158 -0.2804166 -0.0401446 0.1440088 0.2577245 0.3061473 0.304373
6 I;'(I_E)ﬁ(') 1.4041492 6.8860046 50.1591237 179.2489535 33.1088859 8.2254795 3.3451094 1.8650557
-0.8316223 -0.5843215 -0.2900058 -0.0404553 0.1297417 0.1993917 0.1823021 0.1090682
o 8 I;.(I_E)ff(—) 1.2550977 4.7161532 41.3586705 179.8703807 29.2303967 6.8299523 2.812009 1.6491903
& -0.8364527 -0.6195409 -0.2999307 -0.0406223 0.1156854 0.142653 0.0678465 -0.0589962
10 I;.(I-E)ff(-) 1.2204993 3.4879798 34.5415686 180.1572259 26.0515016 5.8156409 2.4513157 1.5169123
-0.8352917 -0.6535498 -0.3101009 -0.0407132 0.1017156 0.087566 -0.0370146 -0.2015222
12 I;.(I-E)ff(-) 1.2154316 2.7473532 29.1821293 180.3258853 23.3900011 5.0485911 2.1933333 1.4309537
-0.8329858 -0.6847184 -0.3204927 -0.0407676 0.087791 0.0342572 -0.1322999 -0.3208826
4 E.(I_E)ff(-) 1.5422898 6.5994524 33.4943995 67.4879244 20.9961066 6.9586301 3.234285 1.9041682
-0.8357003 -0.5916988 -0.3130836 -0.0821233 0.0700132 0.1418965 0.1513108 0.1196385
6 I;.(I_E)ff(—) 1.2705395 4.227365 26.67804 68.0110762 18.3735949 5.6509129 2.6453922 1.6362613
-0.8421607 -0.6339021 -0.3271614 -0.0818935 0.0518121 0.0737521 0.0186377 -0.0753551
S 8 E'(F)ﬁ(_) 1.2174067 3.0469392 21.6837885 68.0738208 16.2993989 4.7645733 2.2821097 1.49085
-0.8397734 -0.6729395 -0.3416976 -0.0818752 0.0337825 9.326355E-3 -0.0985031 -0.2337578
10 E'(I_E)ﬁ(') 1.2112723 2.3918262 17.9784345 68.0720906 14.6044467 4.1221267 2.0363483 1.4034683
-0.8361207 -0.7066644 -0.3562758 -0.0818747 0.0160025 -0.0514232 -0.2013373 -0.361232
12 R.Eff(-) 1.2134814 1.9990105 15.1633208 68.0587191 13.1902204 3.6369187 1.8607347 1.3478891
B(-) -0.8331606 -0.7345905 -0.3707997 -0.081875 -1.533870E-3 -0.1085865 -0.2911493 -0.4629786
Table 6: Shown Expected Sample Size of & W.R.T. A, U, and ¢
4
u ny A 0.25 0.50 0.75 1 1.50 1.25 1.75 2
0.01 15.331 5.905 4.542 4.400 5.081 6.711 9.165 12.135
4 0.05 29.341 11.070 6.513 6.000 7.726 10.885 14.698 18.587
0.1 35.777 15.733 8.813 8.001 10.370 14.244 18.500 22.528
0.01 40.667 11.494 7.115 6.600 7.958 11.548 17.029 23.483
6 0.05 58.329 22.846 10.770 9.000 12.374 18.981 26.822 34.418
0.1 62.892 31.420 14.745 12.000 16.591 24513 32.931 40.400
0.01 72.342 19.889 9.934 8.800 11.073 17.469 27.186 38.166
8 0.05 85.202 39.007 15.745 12.001 17.541 28.762 41.665 53.416
0.1 87.163 51.338 21.708 16.001 23.481 36.647 50.011 61.038
0.01 102.575 31.609 13.033 11.000 14.436 24.522 39.602 55.805
10 0.05 109.201 58.997 21.463 15.000 23.225 40.148 58.849 74.765
0.1 109.819 74.311 29.687 20.001 31.026 50.483 69.220 83.527
0.01 129.129 46.840 16.442 13.200 18.056 32.745 54.180 75.943
12 0.05 131.809 82.010 27.943 18.000 29.430 53.061 78.018 97.777
=] 0.1 131.967 99.232 38.666 23.999 39.211 65.858 90.099 107.171
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Table 7: Shown Expected Sample Size Proportion W.R.T. A, U, N; and ¢
g
u Ny A 0.25 0.50 0.75 1 1.25 1.50 1.75 2
0.01 0.348 0.134 0.103 0.099995 0.115 0.153 0.208 0.276
4 0.05 0.667 0.252 0.148 0.136368 0.176 0.247 0.334 0.422
0.1 0.813 0.358 0.200 0.18184 0.236 0.324 0.420 0.512
0.01 0.616 0.174 0.108 0.1000005 0.121 0.175 0.258 0.356
6 0.05 0.884 0.346 0.163 0.136365 0.187 0.288 0.406 0.521
0.1 0.953 0.476 0.223 0.18182 0.251 0.371 0.499 0.612
0.01 0.822 0.226 0.113 0.0999992 0.126 0.199 0.309 0.434
10 8 0.05 0.968 0.443 0.179 0.13637 0.199 0.327 0.473 0.607
0.1 0.99 0.583 0.247 0.18183 0.267 0.416 0.568 0.694
0.01 0.933 0.287 0.118 0.1000004 0.131 0.223 0.36 0.507
10 0.05 0.993 0.536 0.195 0.136364 0.211 0.365 0.535 0.68
0.1 0.998 0.676 0.27 0.181827 0.282 0.459 0.629 0.759
0.01 0.978 0.355 0.125 0.099998 0.137 0.248 0.41 0.575
12 0.05 0.999 0.621 0.212 0.136362 0.223 0.402 0.591 0.741
0.1 1 0.752 0.293 0.18181 0.297 0.499 0.683 0.812
Table 8: Shown Percentage of Overall Sample Saved W.R.T. A, U, Ny and §
<
u ng A 0.25 0.50 0.75 1 1.25 1.50 1.75 2
0.01 65.158 86.581 89.678 90.0004 88.453 84.747 79.170 72.420
4 0.05 33.315 74.840 85.197 86.3631 82.44 75.261 66.595 57.757
0.1 18.689 64.242 79.97 81.815 76.432 67.626 57.954 48.800
0.01 38.383 82.585 89.22 89.99995 87.942 82.503 74.199 64.42
6 0.05 11.623 65.385 83.682 86.3634 81.252 71.241 59.36 47.852
0.1 4.709 52.394 77.659 81.8181 74.862 62.859 50.105 38.788
0.01 17.793 77.398 88.712 90.0000 87.417 80.149 69.107 56.63
10 8 0.05 3.179 55.674 82.108 86.3629 80.067 67.316 52.654 39.3
0.1 0.951 41.661 75.332 81.816 73.317 58.356 43.169 30.639
0.01 6.75 71.265 88.152 89.99996 86.877 77.707 63.998 49.268
10 0.05 0.726 46.366 80.488 86.3636 78.886 63.502 46.501 32.032
0.1 0.164 32.445 73.012 81.8172 71.795 54.107 37.073 24.067
0.01 2.175 64.515 87.544 90.0001 86.321 75.193 58.955 42.468
12 0.05 0.145 37.871 78.831 86.36378 77.704 59.803 40.896 25.927
0.1 0.025 24.825 70.708 81.8189 70.294 50.108 31.743 18.81
Table 9: Shown Bias Ratio [B (-)] and R.E.Ff of Aps W.R.T. A, N; and £ when U =12
4
A n S'('_E)ﬁ(') 0.25 0.50 0.75 1 125 150 175 2
o
S 4 S'(I_E)ﬁ(') 4.4047433 27.918037 142.3716759  1.127155E+3 103.9902821  22.2273411  7.7001567 3.537765
-0.7754921  -0.5118301  -0.2558003 -8.192209E-3 0.217775 0.40178 0.5313826 0.6060257
6 S'(I_E)ﬁ(') 2.1935522 19.1520044  128.4044828  1.2011061E+3  93.5980944 18.0064351  5.9085592 2.7187997
-0.8102372  -0.5266675  -0.2589358 -8.431995E-3 0.2113415 0.3680196 0.4433979 0.4431503
8 S'(I_E)ﬁ(') 1.5180317 13.1148455  115.580423 1.2403565E+3  84.8733774 149312611  4.7629815 2.2478301
-0.8372268  -0.5462559  -0.2622593 -8.509411E-3 0.2048744 0.3328155 0.3536362 0.2852039
10 E'(I_E)ﬁ(') 1.2878723 9.1829104 103.7460701  1.2653906E+3  77.2538604 12.5839884  3.9745636 1.9495403
-0.8508681  -0.5696671  -0.2658617 -8.538601E-3 0.1982596 0.2963544 0.2637855 0.1363261
12 E'(I_E)ﬁ(') 1.2101468 6.6520598 92.8891509 1.2828372E+3  70.5045452 10.7480868  3.406257 1.7490861
-0.8554838  -0.5956964  -0.2697658 -8.549971E-3 0.191473 0.2588956 0.1752872 -8.60013E-4
o
'g 4 E'(I_E)ﬁ(') 1.9760544 11.4839815  67.2184388 194.6492471 41.308214 10.886841 4.3859509 2.3273421
-0.8269652  -0.5564506  -0.2830387 -0.0417938 0.1421705 0.2549584 0.3020384 0.2987521
6 E'(I_E)ﬁ(') 1.37208 7.006937 53.8224447 194.9558908 35.6154476 8.6091107 3.4455392 1.9039315
-0.8527473  -0.5929673  -0.2930461 -0.0420227 0.1276178 0.1954347 0.1758777 0.1000497
8 E'(I_E)ﬁ(') 1.2192143 4.723527 43.8152993 194.6683649 31.1930226 7.0778917 2.8692324 1.6684975
-0.8603953  -0.6309848  -0.3034249 -0.0421446 0.1132397 0.1374948 0.0592205 -0.0710332
10 E'(I_E)ﬁ(') 1.1828351 3.4567144 36.2089771 194.4324999 27.607124 5.9769631 2.4816029 1.5228587
-0.8604337  -0.6676432 -0.3140763 -0.0422089 0.0989315 0.081217 -0.0477015  -0.21619
12 S'(I_E)ﬁ(') 1.1766267 2.7030367 30.3194279 194.2612288 24.6332576 5.1523752 2.2057159 1.4270355
-0.8587137  -0.7012118 -0.3249673 -0.0422459 0.0846601 0.0267395 -0.1448928  -0.3378066
o
P 4 S'(I_E)ﬁ(') 1.5175165 6.6992896 35.029416 70.9696944 22.068608 7.21958 3.3232743 1.9446277
-0.8532268  -0.6002088 -0.3173317 -0.0850216 0.0668495 0.1375871 0.1454687 0.1121761
6 R.Eff(-)  1.2375445 4.2167956 27.534003 71.0712865 19.170121 5.8065903 2.6916435 1.6550344
B(-) -0.8646056  -0.6459468  -0.3321496 -0.0847881 0.0481655 0.0678714 0.0100238 -0.0866259
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8 E'(I_E)ﬁ(-) 1.1814512 3.0076239 22.1709488 70.9534873 16.9039944 4.8565672 2.302899 1.4953222
-0.8641521  -0.6880563 -0.3473829 -0.0847505 0.0296672 1.95993E-3  -0.1095857  -0.2481767
10 E'(I_E)ﬁ(-) 1.1736085 2.3451492 18.2477612 70.8512733 15.067225 4.1735307 2.0407626 1.3976371
-0.8613739  -0.7243935 -0.362653 -0.0847356 0.0114186 -0.0602031 -0.2146162  -0.3782379
12 R.Eff(-)  1.1746785 1.9512073 15.2986375 70.7737677 13.5454418 3.6614247 1.8539925 1.3342339
B(-) -0.8589123  -0.754476 -0.3778649 -0.0847257 -6.58452E-3 -0.1187069 -0.3063706  -0.4820918
Table 10: Shown Expected Sample Size of Aps W.R.T. A, U, and ¢
4
u ny A 0.25 0.50 0.75 1 1.50 1.25 1.75 2
0.01 17.597 6.285 4.650 4.480 5.297 7.254 10.198 13.762
4 0.05 34.410 12.484 7.016 6.400 8.472 12.262 16.838 21.504
0.1 42.132 18.080 9.776 8.801 11.644 16.293 21.400 26.234
0.01 47.601 12.592 7.338 6.720 8.350 12.658 19.234 26.979
6 0.05 68.794 26.215 11.724 9.600 13.649 21.577 30.987 40.101
0.1 74.270 36.504 16.494 13.200 18.709 28.215 38.317 47.280
0.01 85.211 22.267 10.320 8.960 11.688 19.363 31.024 44.199
8 0.05 100.643 45.208 17.294 12.801 19.450 32.914 48.398 62.499
0.1 102.995 60.006 24.450 17.601 26.577 42.377 58.413 71.645
0.01 121.090 35.931 13.640 11.200 15.323 27.427 45,523 64.966
10 0.05 129.041 68.797 23.756 16.000 25.870 46.177 68.619 87.718
0.1 129.783 87.173 33.624 22.001 35.231 58.579 81.064 98.232
0.01 152.555 53.808 17.330 13.440 19.267 36.894 62.616 88.731
12 0.05 155.771 96.012 31.131 19.200 32.916 61.273 91.221 114.932
S 0.1 155.960 116.678 43.999 26.399 44.654 76.629 105.719 126.205
Table 11: Shown Expected Sample Size Proportion W.R.T. A, U, N; and {
4
u Ny A 0.25 0.50 0.75 1 1.25 1.50 1.75 2
0.01 0.338 0.121 0.089 0.086148842 0.102 0.139 0.196 0.265
4 0.05 0.662 0.24 0.135 0.123082276 0.163 0.236 0.324 0.414
0.1 0.81 0.348 0.188 0.169253764 0.224 0.313 0.412 0.504
0.01 0.61 0.161 0.094 0.086154346 0.107 0.162 0.247 0.346
6 0.05 0.882 0.336 0.15 0.123079188 0.175 0.277 0.397 0.514
0.1 0.952 0.468 0.211 0.169230694 0.24 0.362 0.491 0.606
0.01 0.819 0.214 0.099 0.086153046 0.112 0.186 0.298 0.425
12 8 0.05 0.968 0.435 0.166 0.123084894 0.187 0.316 0.465 0.601
0.1 0.99 0.577 0.235 0.169243129 0.256 0.407 0.562 0.689
0.01 0.931 0.276 0.105 0.086154292 0.118 0.211 0.35 0.5
10 0.05 0.993 0.529 0.183 0.123077704 0.199 0.355 0.528 0.675
0.1 0.998 0.671 0.259 0.169239908 0.271 0.451 0.624 0.756
0.01 0.978 0.345 0.111 0.086152398 0.124 0.236 0.401 0.569
12 0.05 0.999 0.615 0.200 0.123075521 0.211 0.393 0.585 0.737
0.1 1 0.748 0.282 0.169222587 0.286 0.491 0.678 0.809
Table 12: Shown Percentage of Overall Sample Saved W.R.T. A, U, N; and ¢
4
u N A 0.25 0.50 0.75 1 1.25 1.50 1.75 2
0.01 66.16 87.913 91.057 91.385115832 89.814 86.051 80.388 73.534
4 0.05 33.827 75.992 86.508 87.691772394 83.708 76.419 67.619 58.645
0.1 18.977 65.231 81.2 83.07462357 77.608 68.667 58.845 49.55
0.01 38.973 83.856 90.593 91.384565429 89.295 83.772 75.34 65.411
6 0.05 11.802 66.391 84.97 87.6920812 82.502 72.337 60.273 48.588
0.1 4.782 53.2 78.854 83.076930636 76.014 63.826 50.876 39.384
0.01 18.066 78.589 90.077 91.384695383 88.762 81.382 70.17 57.501
12 8 0.05 3.228 56.531 83.371 87.691510565 81.299 68.352 53.464 39.905
0.1 0.966 42.302 76.49 83.075687055 74.445 59.253 43.834 3111
0.01 6.853 72.361 89.508 91.384570826 88.213 78.902 64.982 50.026
10 0.05 0.738 47.079 81.726 87.692229598 80.1 64.479 47.216 32.525
0.1 0.167 32.944 74.135 83.076009249 72.899 54.939 37.643 24.437
0.01 2.208 65.508 88.891 91.384760162 87.649 76.35 59.862 43.121
12 0.05 0.147 38.454 80.044 87.692447874 78.9 60.723 41.525 26.326
0.1 0.026 25.206 71.795 83.077741289 71.376 50.879 32.231 19.099
Table 13: Shown Probability of A Voiding Second Sample W.R.T. A, U, N; and £
5
n; A 0.25 0.50 0.75 1 1.25 1.50 1.75 2
0.01 0.717 0.952 0.986 0.990005 0.973 0.932 0.871 0.797
4 0.05 0.366 0.823 0.937 0.949994 0.907 0.828 0.733 0.635
0.1 0.206 0.707 0.88 0.89997 0.841 0.744 0.637 0.537
0.01 0.422 0.908 0.981 0.989999 0.967 0.908 0.816 0.709
6 0.05 0.128 0.719 0.921 0.949997 0.894 0.784 0.653 0.526
0.1 0.052 0.576 0.854 0.90000 0.823 0.691 0.551 0.427
8 0.01 0.196 0.851 0.976 0.990000 0.962 0.882 0.76 0.623
0.05 0.035 0.612 0.903 0.949991 0.881 0.74 0.579 0.432
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0.1 0.01 0.458 0.829
0.01 0.045 0.721 0.936
10 0.05 7.991E-3 0.51 0.885
0.1 1.807E-3 0.357 0.803
0.01 0.024 0.71 0.963
12 0.05 1.59E-3 0.417 0.867
0.1 2.771E-4 0.273 0.778

47
0.89998 0.806 0.642 0.475 0.337
0.836 0.603 0.381 0.225 0.129
0.949999 0.868 0.699 0.512 0.352
0.899990 0.79 0.595 0.408 0.265
0.990002 0.95 0.827 0.649 0.467
0.950002 0.855 0.658 0.45 0.285
0.900009 0.773 0.551 0.349 0.207

6. Conclusions

From the above discussions it is obvious that by using guess point
value one can improve the minimax estimator by using shrinkage
technique. It can be noted that if the guess point oy is very close to
the true value of the parameter o (i.c.; { is approximate close to

one), the proposed estimators perform better than the minimax
estimator. If one has no confidence in the guessed value, then
proposed preliminary test shrunken estimators can be suggested.
We can safely use the proposed estimators for small sample size at
the usual level of significance A and moderate value of shrunken
weight factor (). The difficulty of obtaining samples because of

the scarcity and high cost led researchers to use the double stage
shrinkage estimators to reduce the sample size that we need and
for achieving savings of the items in the sample and obtaining
high efficiency estimators.

Acknowledgments

The authors wanted to provide thanks to the referees and to the
Editor for constructive suggestions and valuable comments which
resulted in the improvement of this article.

References

[1] Al-Joboori, A.N., (2010), Pre-Test Single and Double Stage
Shrunken Estimators for the Mean of Normal Distribution with
Known Variance, Baghdad Journal for Science, Vol.7(4), pp.1432-
1442.

[2] Al-Joboori, A.N., et al (2014), Single and Double Stage Shrinkage
Estimators for the Normal Mean with the Variance Cases , Interna-
tional Journal of Statistics , Vol.(38),2,PP,1127 -1134.

[3] Aludaat 1, K.M., Alodat, M.T. and Alodat, T.T., (2008), Parameter
Estimation of Burr Type X Distribution for Grouped Data, Applied
Math. Sci., Vol. 2 (9), pp.415-423.

[4] Burr, LW., (1942), Cumulative Frequency Distribution, Annals of
Mathematical Statistics, Vol. (13), pp.215-232.

[5] Iman Makhdoom, (2011), Minimax Estimation of the Parameter of
the Generalized Exponential Distribution, International Journal of
Academic Research, VVol.3 (2), pp.515-527.

[6] Katti, S.K., (1962), Use of Some a Prior Knowledge in the Estima-
tion of Means from Double Samples, Biometrics, Vol.18, pp.139-
147. http://dx.doi.org/10.2307/2527452.

[71 Kundu, D. and Ragab, M.Z., (2005), Generalized Rayleigh Distri-
bution: Deferent Methods of Estimation, Computational Statistics
and Data Analysis, Vol .49, pp.187-200.
http://dx.doi.org/10.1016/j.csda.2004.05.008.

[8] Lanpong Li,(2013), Minimax Estimation of Generalized Exponen-
tial Distribution under Square Log Error Loss and MLINEX Loss
Function , Research Journal of Mathematics and Statistics,
Vol.5(3),pp.24-27.

[9] Maha.A.Mohammed, (2011), Double Stage Shrinkage Estimator of
Two Parameters Generalized Rayleigh Distribution, Education col-
lege journal AL-Mustansiriya University, Vol. (2), pp.566-573.

[10] Masoud Yarmohammadi and Hassan Pazira ,(2010),Minimax Esti-
mation of the Parameter of the Burr Type Xii Distribution, Austral-
ian Journal of Basic and Applied Sciences, Vol.4(12), pp.6611-
6622.

[11] M.Kamruj Jaman Bhuiyan et al,(2007) ,Minimax Estimation of the
Parameter of the Rayleigh Distribution , Festschrift in honor Dis-
tinguished Professor Mir Masson Ali on the occasion of his retire-
ment,pp.207-212.

[12] Ragab, M.Z., (1998), Order Statistics from the Burr Type X Model,
Computers Mathematics and Applications, Vol.36, pp.111-120.
http://dx.doi.org/10.1016/S0898-1221(98)00143-6.

[13] Ragab, M.Z. and Kundu, D., (2006), Burr Type X Distribution, Re-
visited, Journal of Probability and Statistical Sciences, Vol.4 (2),

pp.179-193.
[14] Rodriguez, R.N., (1977), A Guide to Burr Type XII Distributions,
Biometrika, Vol.64, pp.129-134.

http://dx.doi.org/10.1093/biomet/64.1.129.

[15] Surles, J.G. and Padgett, W.J., (2001), Inference for Reliability and
Stress-Strength for a Scaled Burr Type X Distribution, Lifetime Da-
ta Analysis, Vol.7, pp.187-200.
http://dx.doi.org/10.1023/A:1011352923990.

[16] Surles, J.G. and Padgett, W.J., (2005), Some Properties of a Scaled
Burr Type X Distribution, Journal of Statistical Planning and Infer-
ence, Vol.72, pp.271-280.
http://dx.doi.org/10.1016/j.jspi.2003.10.003.

[17] Thompson, J.R., (1968), Some Shrinkage Techniques for Estimat-
ing the Mean, J. Amer. Statist. Assoc, Vol.63, pp.113-122.

[18] Waikar, V.B., Schuurmann, F.J. and Raghunathar, T.E., (1984), On
a Two-Stage Shrinkage Testimator of the Mean of a Normal Distri-
bution, Commum. Statist-Theory. Meth. A, Vol.13 (15), pp.1901-
1913. http://dx.doi.org/10.1080/03610928408828802.

[19] Wingo, D.R., (1993), Maximum Likelihood Methods for fitting the
Burr Type XII Distribution to Multiply (Progressively) Censored
Life  Test Data, Metrika, Vol. 40, pp.203-210.
http://dx.doi.org/10.1007/BF02613681.



http://dx.doi.org/10.2307/2527452
http://dx.doi.org/10.1016/j.csda.2004.05.008
http://dx.doi.org/10.1016/S0898-1221(98)00143-6
http://dx.doi.org/10.1093/biomet/64.1.129
http://dx.doi.org/10.1023/A:1011352923990
http://dx.doi.org/10.1016/j.jspi.2003.10.003
http://dx.doi.org/10.1080/03610928408828802
http://dx.doi.org/10.1007/BF02613681

