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ABSTRACT In this paper, by assuming that a general progressive Type Il right censored sample is available, we obtain

Quadratic-type Minimum Risk Equivariant (QA-MRE) estimators for the vector parameters of (€, t)' and (€,
)" based on the general Type II progressive right censored sample. Further Minimum Risk Equivariant (MRE) estimator of (€, t)’
is obtained with respect to Linex type loss function. These generalize the results of Chandrasekar et.al. (2002 ) for progressive Type
II right censored sample . The paper is organized as follows : Section 2 deals with the problem of QA-MRE estimators for the vector
parameters. In the last Section, we consider the problem of simultaneous equivariant estimation of the parameters under Linex loss

function (Varian,1975).

1. Introduction

Progressive Type Il right censored sampling is an important method of obtaining
data in life-testing studies. As pointed out by Aggarwala and Balakrishnan (1998), the
scheme of progressive censoring enables us to use live units, removed early, in other tests.
Balakrishnan and Sandhu (1996), by assuming a general progressive Type Il right censored
sample, derived the BLUE's for the parameters of one-and two-parameter exponential
distributions. For the later, they also derived MLE’s and shown that they are simply the
BLUE's, adjusted for their bias.

Let us consider the following general progressive Type II right censoring scheme
(Balakrishnan and Sandhu, 1996) : Suppose N randomly selected units were placed on a life test;
the failure times of the first r units to fail were not observed ; at the time of the (+1)-th failure,
Ry number of surviving units are withdrawn from the test randomly, and so on; at the time of
the (r+i)-th failure, Ry number of surviving units are randomly withdrawn from the test ;
finally, at the time of the n-th failure, the remaining R, =N -1 - Ry - Rep = .. - Ry are
withdrawn from the test. Suppose Xy < Xy < oo € Xy are the life-times of the
completely observed units to fail, and Ry-1, Rsa, ..., Ry are the number of units withdrawn from

the test at these failure times, respectively. It follows that  N=n+ ZRi

i=r4l

If the failure times are from a continuous population with the pdf f and the distribution function

F, then the joint pdf of ( X1, Xea, Xn\,)isgivenby
8 (X1, X ) = € {F (3000} Hfu 11 F(x)
=l
(L1)
where

ZR +1J

J n? i=r+l
In this paper, by assuming that such a general progressive type 11 censored sample is available
from exponential distribution, we obtain Q.-MRE estimators for the vector parameters (€, 1)’ and

(@ Il)/. Further MRE estimator (€, )’ is obtained with respect to Linex loss function.

Exponential location- scale model
In this case, the common pdf is taken to be
(%)
—¢ g xeR >0,

fs(x): 1
0 , otherwise,
Note that 6={€,1)". Then( Ll)reduces to
" Z[R ) (x;- n
gg(X,m----Xn) :Cﬁ{l_e[’bw]’s" ]} i=rtl ,

(12)

é;<Xr-l:\'<~--<Xn’N<°c; E‘GR,T>0.

Thus the joint distribution of ( X1y, ..., Xpn ) belongs to a location-scale family with the
location-scale parameter = (&, 7).

2.Q4,-MRE

Following Edwin Prabakaran and Chandrasekar (1994), we first obtain the Q,-MRE estimator

of (§1). Take 8 (X) =X and
S (%)=, ReH) (Xin-Xern).

Note that 8(X) = ( 3yi(X), 6ua(X) )' is an equivariant estimator but not complete sufficient.
Since we are interested in the evaluation of conditional distribution under (¢, )’ = (0, 1), we
take (€, ) = (0,1)'in (1.2)In order to find (w,", wy ) as given in (2.1,

o)

consider the transformation

Z(RH)(X.‘N-XMN)

i=r+2

L= Xe1n

ande =—
Z(R. Jrl)(X.‘N 'Xm N)

i=r4]

Thus the joint pdf of ( Ze1, .., Zy ) is given by

n

;=i

¢ . -Z(Rl+1)zm-z”3
Z:::": {1 _e('lml} e el
Ry +D)

1..2,)=

IN

0<z4 <2

<<,
Also, the joint pdf of ( Zy3, .., Zy ) i given by

]
n7 J
(Rrﬂ‘)

0

\Rﬂn,‘z

il ln il
Ly [-¢"e g

———=¢

tas

= Tn-r-1B(

R+ =l

1+1)r+])

Thus the conditional pdf of (8, ) = (Z,ﬂ L) given (Z:3, .., Ly) is given by

- V R:4)z,y42
L T )
“ - ( h izt

WAPR RN, £

714
B[ V (R+)r+1;l’(n 1-)
1r+1

2 <00 It may be noted that (3yy, )’ is independent of
(L, L) .
Thus E( Zy; Zvp) = (n-1-1) E (- log U),

where U~B ( 3 R #0.041) .
i=r+l

0§zﬁ1<w, 0<

Also, the conditional pdf of Zyy given  (Zys, ..., Zy ) is same as the marginal pdf of Z,.» and
is given by

n-1-2 7.

Z €

h‘ 7 )= T+2
(2,) l"(n—ri—l) . Now

) Zrm'“?zn): : e dZ”r(n I- l)
S F(n-r-l)

0

Bz
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0wl BTl T (),
03)
Then

W= Ei-hgl) and w, L ,mviewof  (22)and (23),
-1 " (-

where U~B, (i(R‘ H),r41) .

=l

Therefore the MRE estimator of ¢, 7 i given by

gl PYLES IO O

B(X)=X,,, - ~ ;(RH)( o) o §(X)= mT’
whete UNBI(Z(R+ ),r#1) and E(-logl)= in
i JOZ(RH) j

it

Remark 2.1, If r=0 and R =1, then the above estimators reduce to

L)
B (9=Xy- (/NH)Z(HI)( Xe) ad (X)z A2

i) n
which are same as the Type Il progressive right censored sample (Chandrasekar et.al. 2002)
Now et usconsiderthe problm ofetimating (¢, ). Define & (X )= 641 (X), 50 (X)),
where &y (X)=Xep and

(X = {Z(Rm(x K}

i=r+)

we have
[allallE(Bzf |Z)E(601g‘z)a;’E(éo‘g‘Z)E(Sﬁlﬁﬂ’ ‘Z)
AL O ) .
B B 2 E gl
and
[0, E(g" |23, |2)- D, 2/E R, )
oy, Blg 2B, 19)-0,B0,¢ 9B ) )

W ol B )E B,y
Thus the MRE estimator i (&,t") s given by
b=ty -gvad 8,26, 09
Trking g(X)= Z(Rﬁrl) (Xin-Key),fom equations (24, (2.5) and (2.6), we obtain

=4

a,(1-1+])-a,(0-1)-2a.0,

i)
1 Bi-logU)a,a, 0, (n-1)-ah n-1+1)

W, (1-1)a-141)fa 2, 0-1+2) -2} 0-141) Therefore the MRE estimator of (¢, ¢

b E('logU){an
_ (n_r){a]]all(n_r+2)_

given by

* C LR
O = Xy - 22(R 1) (Xiy-Xerx) Wi and 55w

v,

Remark 22 If 1= and R; =, then the above estimators reduce to that of exponential
location-scale model  Chandrasekar etal. 2002 ).

3, Linex loss function

Following Varian (1975), let us find the MRE estimator of (¢, 1), under Linex loss function.
Consider the locat ion scale nvariant logs function
(Q,T,s) ayy-t) (6] é)/r_Heb(ols‘t—l)

“by/e-l)-1, aeR-{0},b>0,
Tnorder to find (wlk, wz*), consider

RO[2)=E[ e -a(dy-gn)
- e bl np-D)- D)

where 8= Xepy ands, = i‘k ayXa-Xoy) Thatis

R(S‘Z):E[(eﬂﬁol €>3W1802)‘Z]-3E(§01|z)
Fan B [2)- 146 B (™ 0g)
+ b‘b/W},E(ém‘Z)-]

=E (") B (¢ ™1 "0)-g Ky
sawE(8n)-1+¢ (M)
+b-b/WgE(6og)-1
since (8, &) 15 independent of Z=( Z,5,.., Z,)
independent of Z and &y is independen of Z. Thus

B\(i(Rﬁl)—a, r+])
R((S‘Z) il

1

B(Y R+, r+)

=l

L,)' G and &y are independent and also Gy, s

(law )™

where U~Bl(Z(R1+1),r+l).
=l

-aE(-logU)+aw, (n-r-1)-1

+e’b%+b—h/w,(n—r—l)—l ,
(I-b/w, )" :

B() R +)-s, 14)
Defne k="l

B(Y R+, r+)
=4
Moreover,

&

=k(o-r-D(+aw " atan-1-)

’

=" (a-r-I)-blw i)
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ud R - R
owow,  Ow,ow,
(-1
From (3.1),we obtain W, = : : 2 eR-
0}
; b

and from (3.2), we obtain W1 =

(1 _ efbs“[nfr)) s

Therefore the MRE estimator of (¢, 1) is given by

1

' \ % _Z(R‘H)(Xi:.\I_XrH‘N)
8 = X - Z(Rﬁl)(xi;y\'-Xm:N)Wl ad =l

i) W,

Remark 3.LIf r=0 and R; =, then the above estimators reduce t-o that of Linex loss
finction discussed in Leo Alexander (2000),
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