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parameters are assumed to have exponential and uniform priors respectively. Bayes point estimates and credible
intervals for the unknown parameters are derived under the assumption of the squared error loss function. A
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1. Introduction

Let X, X,,...,X, be a random sample of size n from a two-parameter exponential distribution
E(0, 1) with scale parameter @ (i.e. with mean lifetime of 1/6) and location parameter (guarantee

lifetime) A. The parameters ¢ and A are independent. The probability density function (p.d.f) of X
at x is:

f(x]9,2)=0e"P -6500<1<x (1.1)

This distribution plays an important role in survival and reliability analysis (see [9] for
instance). If the lifetime of an electrical component follows a two-parameter exponential distribution,
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then the mean lifetime of this component is 1/6 and the guarantee lifetime of this componentis A. Itis
very important in this situation to estimate the component’s lifetime mean and guarantee lifetime.

In life testing experiments, it often happens that the experiment is censored in the sense that
the experimenter may not be in a position to observe the life times of all items put on test because of
time limitations and other restrictions on the data collection. The two most common censoring
schemes are Type-l and Type-Il censoring schemes. In Type-l censoring scheme, the experiment
continue up to a preselected fixed time T but the number of failures is random, whereas in Type-II
censoring scheme, the experimental time is random but the number of failures is fixed, k. A mixture
of Type-I and Type-Il censoring schemes is known as the hybrid censoring scheme and it can be
described as follows. Suppose a total of n units is placed on a life testing experiment, and the lifetimes
of the sample units are independent and identically distributed (i.i.d.) random variables. Let the

ordered lifetimes of these items are denoted by X, <X, <..<X,, <..<X,, respectively. The test is

terminated when a preselected number of failures k out of n items are failed, or when a preselected

time T on test has been reached, i.e., the test is terminated at the time point T. = min(T, x(k)), where

Xy, Is the k™ ordered lifetime. This censoring scheme was introduced firstly by Epstein [4], and it is

popularly known as Type-I hybrid censoring scheme. It has been used quite extensively in reliability
acceptance test in MIL-STD-781-C [8]. The censoring scheme in which the experiment is terminated

at the time pointT~ =max(T,x(k,) is known as Type-Il hybrid censoring scheme, this censoring

scheme was introduced by Childs et al. [1]. This censoring scheme guaranteeing that at least k
failures are observed at the end of the experiment. Whereas, the number of observed failures based on
Type-I hybrid censoring scheme may equal zero if the preselected T is less than X, . So, in this case

the inferential results are obtained under the condition that the number of observed failures is at least
one, and moreover, there may be very few failures at the termination point of the experiment. In that
case the efficiency of the estimator(s) may be very low.

Classical literature for estimation the parameters of a two parameter exponential distribution
based on hybrid censored samples includes Epstein [4], Lawless (1977), Childs et al. [1], Childs et al.
[2] and Ganguly et. al. [3]. This estimation problem has also been considered by several authors in the
literature from the Bayesian point of view. Draper and Guttmann [10] considered the problem of
estimating the one parameter exponential distribution from the Bayesian point of view based on Type-
Il hybrid censored sample. Singh and Prasad [11] and Prasad and Singh [5] proposed empirical Bayes
estimate for the location parameter A under the situation that the mean lifetime parameter is known
based on complete sample. Recently, Bayoud [7] introduced Bayes estimates for the parameters of the
Two-parameter exponential distribution based on Type-I censored samples.

In this paper, Bayes estimates for the scale and location parameters of a two exponential
distribution are derived based on a Type-Il hybrid censored sample. The scale parameter is assumed to
follow exponential distribution with hyper parameter A, and the location parameter is assumed to
follow uniform distribution from zero to B. The squared error function is assumed. Suggestions for
choosing the hyper parameters A and B are provided.
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The rest of this paper is organized as follows: Section 2 describes the probability models that
are needed in this work. Bayes and maximum likelihood estimates for the scale and location
parameters are derived in Section 3 based on complete and Type-Il hybrid censored samples. An
illustrative example is provided in Section 4. Simulation studies are presented in Section 5. Finally, the
main conclusions are included in Section 6.

2. The Models

2.1. Complete Sample

Let X,, X,,..., X, ~E(8,1). The likelihood function of the complete sample X,, X,,..., X, given @
and A is given by:
03 es)
L(X,, %, X, |6,2)=0"€ = 2.1)

where X; >4>0; i=12,...,n and 6>0.

The parameter @ is assumed to follow exponential distribution with p.d.f given by:

g9(0)=Ae "’ A>0 2.2)

where the hyper parameter A is a preselected positive real number that is chosen to reflect our beliefs
about the expected value of 1/8, because the expected value of @ equals 1/A. The hyper parameter
A can be easily assumed to equal one over the available sample's mean.

The parameter A is assumed to follow a uniform distribution with p.d.f given by:

where the hyper parameter B is a preselected positive real number that is chosen to reflect our beliefs
about the lower bound of the x's , which can be easily assumed to equal the minimum observed value,

Xay -

Based on the complete sample {xl, Xy yeeey xn} the joint posterior p.d.f of & and A is given by:

~01A+ 2 (x;~2)]
L(X,, Xg ey X, | 4,0)9(0)p(2) ng"e
= (2.4)
CTI'(n)

he (6, 21X, Xg ey X ) =

B

[ TL(X0, X000 %o | 4,0)g () p(2)d0d 2 )
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where C:%—%io in which E=A+ixi ,D=E-nB, #>0and 0<A<B<x,.
i=1

The marginal posterior p.d.fs of @ and A given {xl, Xy yeeey xn} are respectively given by:

B
hoc (O1%, Xp 1oy Xg ) = [N, 2] X1, Xy ey X, )dA

0

6" (e—DH B e—EH)

= 10>0 2.5
Cr(n) g (25
and
e (A1 Xt X X ) = [N(0, 2] X4, Xg o X )6
0
n’ 1 _
= C_ ) 1 ,0 <A<B< X(l) (26)
i=1

2.2. Type 11 Hybrid Censored Sample

In Type-Il hybrid censored samples, the test is terminated when k, a preselected number, out of n
items are failed, or when a preselected time T on test has been reached.

Let r be the number of units failed before the time T, then the likelihood of the observed
data under the Type-II hybrid censoring scheme is given by:

n —9‘:%X(i)+(n—rﬁ—ni:|
- | r i=1 if X(k) <T
L, (data|4,0)=] ("0 k 2.7)
n 1 —(9|:.Z x(i)+(n—k)x(k)—n/1}
~_pgke LA if X >T
(n—k)! ()

The joint posterior p.d.f of & and A4 based on the Type-1I hybrid censored sample is given by:
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h, (6,4 data)= o (@14, 0)9(0)p(4)

O ey 0

T L, (data | 2,0)g(0)p(1)doda

Therefore
r o—0[E;-ni]
Fr(‘r) oe s if X <T
h, (6,4 data) = eke—a[jléz—nﬂ] _ (2.8)

r G, if X4 >T

where >0, 0<A<B, C, B which E, =Zr)x(i) +(n-r)T+A, D,=E,—nB, and
D/ E/ i=1
1 _ 1 inwhich E, =3 k A

C, =B n which E, =3 x;, +(n-k)x, +A,D,=E,—nB .

The marginal posterior p.d.fs of @ and A given Type-II hybrid censored data are respectively
given by:

B
hy.n (0] data) = [hy, (6, 1| data)dA
0

er—l(e—DIQ e B0

= Hk—l(e—lgze Bl ,0>0 (2.9)
if Xy >T
C, (k) 0

and
h, . (4] data) = [hy (6, 4] data)d@
0

nr L if X <T
Cl r r+1
[_Z Xy +(N=1)T —ni+ A}
= = 0<A<B<x, (210)

nk 1 .
— if Xgy >T

C2 K k+1
[Z Xy +(N=Kk) X —ni+ A}
i=1
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3. Classical and Bayesian Estimation

In this section, Classical and Bayesian estimation for @ and A are proposed using the complete and
Type-11 hybrid censored samples separately. The squared error loss is assumed to construct the Bayes
estimates.

3.1. Based on Complete Sample

In the case of complete sample, the Bayes point estimate éB,c of @ under the squared error loss is the
mean of the marginal posterior p.d.f of @, which is given by:

Osc =Ep, (0)=[0N,c (0] %, %5,.... X,) O
0
n 1 1
sl ey

Bayes point estimate iB,C of A under the squared error loss is the mean of the marginal
posterior p.d.f of A, which is given by:

n B
Agc =Ep (D)= [2h,c (A1 Xy, Xg ey X, ) DA
0

:l(£+ 1 ( t 1 D (3.2)
c\D" n@-n\D"* E™

provided that n>1.

The MLE of ¢ and A from the complete sample are respectively:

A n A
Ouec = and Ayec =Xy (3.3)

Z(Xi — X))

i=1

3.2. Based on Type Il Hybrid Censored Sample

In the case of Type-II hybrid censored sample, the Bayes point estimate éB'H of @ under the squared
error loss is the mean of the marginal posterior p.d.f of &, which is given by:

Og. =Ey,, (0)=[0h,, (0|data)do
‘ 0
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r 1 1 ]
C_(le__EHlJ it Xy <T
_Je\bm E (3.4)
k 1 1 if
C_2 — if Xpy>T

kil £kt
D2 EZ

The Bayes point estimate iB'H of A under the squared error loss is the mean of the marginal
posterior p.d.f of A, which is given by:

A B
Ay =Ey  (A)=[4h,, (1]data) dA
' 0

1| B 1 1 1 .
== T || I X <T
C.\ D/ n@d-r)\ D E,

- (3.5)
1 £+ ! 1 it Xgo>T
C,(Df n@-k)(Di* Ef 0

If r=0, then x,, >T. In this case if k=1 then /,{’AB,H does not exist. So, if r=0 then iB,H

exists only if k>1.If x,, <T, then r>k=>1, therefore iB,H exists for all values of k and r if
Xy <T .

r K
The hyper parameter A is assumed to equal r/ > x, if x,, <T and k/> x, if X, >T.
=1 i=1

The hyper parameter B is assumed to equal x, in both cases.

Ganguly et. al. [3] showed that based on the Type-Il hybrid censored sample the MLE of

6 does not exist when k=1 and r=0. So, conditional MLEs, conditioning on the event r >1 when
k =1 were proposed by Ganguly et. al. [3] as follows:

~

~ r
;LMLE,H =Xy and QMLE,H =

r (3.6)
[; X — (=D Xy +(n— r)T}

But when k >2 the MLEs of the scale and location parameters exist for all values of r and given by:

r
[ Xy —(N=1) Xy +(n- r)T}
=2 K (3.7)
if X, >T
k-1
[Z Xy — (M=) xy +(n-k+1) x(k)}

if X, <T

//lMLE,H =Xay and HMLE,H =
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4. Credible Intervals

4.1. Based on Complete Sample

Based on the complete sample x,, x,,..., X, and by using the posterior density function of &, the equal-
tailed (1—«)100% credible interval for ¢ denoted by (6,,6,) can be obtained numerically by
solving the following nonlinear equations:

1 . - )
Cr(n) {D [[(n,0)-I(n,D&,)]-E"[[(n,0)-I(n, EeL)]}_ a2
Crl(n) {F(n){D—” ~ET oy [(D‘QU )" - (B4 )_n]}+ D™"I'(n,DGy)-E"I'(n,EQy )}= /2

where T'(a,b) = [x** e dx , the incomplete gamma function.
b

Similarly, by using the posterior density function of A, the equal-tailed (1—«)100% credible
interval for A can be easily derived as:

_%{(CT“JF F‘”]_% - F],—%[{é—(F —nB)_”j% - F}

in which F = ixi +A.

i=1

4.2. Based on Type-11 Hybrid Censored Sample

Based on a Type-Il hybrid censored sample and by using the posterior density function of @, the
equal-tailed (1—¢)100% credible interval for ¢ denoted by (eL,H ,HU,H) can be obtained numerically
by solving the following nonlinear equations:

- I Xy <T:
1 —r —r _
m{Dl [C(r,0) -T'(r,D,6, ;)] - E; " [I'(r,0) -T(r,E,0, )]}— a/2
1 F(r){Dl_r ~E; +6y [(E19U,H ) _(E19U,H )_r]}+ )2
C.I(r) | D' I(r, D, 6y 1) — EL'T(rE, 6y 1)
If X4 >T:
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1 & B i
C, (k) {Dz [T'(k,0) -T'(k,D,6, ;,)]-E;"[I'(k,0) -I'(k,E,0, 4 )]}_ a2
1 F(k){Dz‘k ~E;* + 0y [(EZHU’H [~ (E,00 4 )‘k}}+
=a/2
C, T'(k)

D,*I'(k,D,6y 1) — E2*T(k, E, 6, 1)

Similarly, by using the posterior density function of A, the equal-tailed (1—¢)100% credible
interval for A can be easily derived as:

v -y
EHQ—‘H FlrJ}/Fl},l [i—[Fl—nB]‘rj _F,
n 2 ni\Ca

inwhich F, = A+Y.x 8 +T(n—r).

- I X, <T:

- I X, >T:

—% [CZ—% Fz_kj_% _F, ,—% (i—[a n B]‘k)% R,

2 Cra

inwhich F, = A+ 3%, 8, + X4 (1 —K).
i=1

5. Example: Real Lifetime Data

In this section we analyze a data set from Grubbs [6] to illustrate our methodology; the data
summarizes the mileages at which nineteen military carriers failed. These were:

162, 200, 271, 302, 393, 508, 539, 629, 706, 777, 884, 1101, 1182, 1463, 1603, 1984, 2355, 2880

The parameters ¢ and A are estimated by the MLE and the proposed Bayes estimates based
on the complete sample and based on a Type-Il hybrid censored sample with arbitrary r=12 and
T =800 at which k=10.

Based on the complete sample it can be easily observed that

Owie c =0.011973 , dye o =Xy =162.
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A

gBayesC =0.0120424, j’BayesC =121.7.

Based on the Type-I1 hybrid censored sample it can be easily observed that

Oue v =0.00115864 , Ay ey =162

Onayecr = 0.00117087, Aye y =120.589

Bayes,

It has been observed that the MLEs and the Bayes estimates are very close to each other based
on both the complete and the Type-Il hybrid censored sample. One of the natural questions is whether
the two-parameter exponential distribution fits this data set or not. There are several methods to test
goodness of fit of a particular distribution to a given data set. The most suitable one in our case in the
Kolmogorov-Smirnov (KS) test as the available sample size is small.

The KS test statistics have been computed based on the MLEs and the proposed Bayes
estimates, they respectively equal: 0.0607852 and 0.0561898 (based on the complete sample), and
0.0621901 and 0.0488786 (based on the Type-II hybrid censored sample). The critical value of the KS
test equals 0.27851 at 95% confidence level and at n=18, and it equals 0.33815 at r =12. Therefore,
based on the KS test statistics and the critical values we could say that the MLE and the proposed
Bayes estimates work quite well but the Bayes estimates performs slightly better than the MLE
because it gives smaller values of KS test statistics based on both complete and censored samples.

On another hand, the 95% Credible intervals for the parameters @ and A are respectively
(0.000792871, 0.268425) and (44.9362, 997.211) based on the complete sample, and (0.000684133,
0.00176701) and (41.999, 707.105) based on the Hybrid censored sample. These credible intervals
seem to give reasonable estimates for the unknown parameters.

6. Simulation Studies

In this section, the performance of the proposed Bayes estimators of @ and A is investigated through
simulation studies based on complete and Type-II hybrid censored samples. The simulation studies are
carried out for different values of the combination (8, 4,n,k,T). In these studies, we have generated

1000 random samples of size n (=5 and 30) from a two parameter exponential distribution, E(8, 1),
with various values for the parameters (&,1). For the purpose of comparison, the average values of

the Bayes estimators A,, and 6, ,, and the MLES A, and 6., along with their MSE, in
parentheses, are reported in Table 1 and Table 2 based on various Type-II hybrid censoring schemes.
The true location and scale parameters are assumed to equal (0,4)= (051, (351, (651,
(0.5,10), (3.5,10) and (6.5,10). For simplicity, the hyper parameters A and B are assumed to equal

the inverse of the mean of the available sample and the minimum observation respectively. Estimators
with the smallest MSE values in the most cases are preferred.
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Table 1: MLE and BE along with their MSE based on various Type-1I Hybrid censoring Schemes when
A=1land 8=0.5,3.5and 6.5.

A

N

n 0 (T’k) AMLE,H AB,H QMLE,H HB,H
(1,3) | 1.42(0.36) 1.13(0.19) 1.77(19.07)  0.99 (0.67)
(33) | 1.41(0.35) 1.11(0.19) 0.90(0.51)  0.79 (0.26)
o5 03 [141(033) 109015 079(041)  0.73(020)
(1,5) | 1.41(0.31) 1.10(0.14) 0.85(0.43)  0.78 (0.24)
(35) | 1.38(0.31) 1.09(0.16) 0.88(0.51)  0.80 (0.27)
(5,5) | 1.39(0.31) 1.08(0.15) 0.79(0.35)  0.73(0.19)
(1,3) | 1.06 (0.01) 0.93(0.01) 10.22(210.6) 2.21 (1.85)
(3,3) | 1.06(0.01) 0.97 (0.01) 6.29(25.81) 2.85 (0.88)
s g5 (53 | 105(001) 096(001) 616(37.27) 278(0.99)
(1,5) | 1.06 (0.01) 0.96(0.01) 5094 (25.16) 2.77 (1.01)
(35) | 1.05(0.01) 0.96(0.01) 5.68(14.87) 2.75(0.98)
(5,5) | 1.06 (0.01) 0.96(0.01) 5.74(21.56)  2.74 (1.05)
(1,3) | 1.03(0.00) 0.92(0.01) 19.08(645.9) 2.49 (16.16)
(3,3) | 1.03(0.00) 0.96(0.00) 10.55(68.74) 3.45 (9.62)
o5 (69 | 103(000) 096(0.00) 1058(6422) 3.44(9.70)
(1,5) | 1.03(0.00) 0.96 (0.00) 10.65(75.57) 3.45 (9.65)
(3,5) | 1.03(0.00) 0.96(0.00) 10.76(87.00)  3.46 (9.60)
(555) | 1.03(0.00) 0.96 (0.00) 10.77(75.43)  3.47 (9.49)
(1,15) | 1.06 (0.01) 1.00(0.00) 0.59 (0.035) 0.57 (0.029)
(3,15) | 1.07(0.01) 1.00(0.00) 0.54 (0.017) 0.53 (0.016)
o5 (515) [ 106(0.01) 100(0.00) 054(0015) 054 (0.014)
(1,25) | 1.07(0.01) 1.01(0.01) 0.54(0.014) 0.54 (0.013)
(3,25) | 1.06 (0.01) 1.00(0.00) 0.54 (0.015) 0.53 (0.015)
(5,25) | 1.06 (0.01) 1.00(0.00) 0.53(0.011) 0.52 (0.010)
(1,15) | 1.01(0.00) 1.00(0.00) 4.07 (1.69)  3.22 (0.58)
(3,15) | 1.01(0.00) 1.00(0.00) 3.72(0.59)  3.38 (0.37)
s 35 (19 | 101(000) 100(000) 376(063)  3.41(036)
(1,25) | 1.01(0.00) 1.00(0.00) 3.72(0.69)  3.29 (0.41)
(3,25) | 1.01(0.00) 1.00(0.00) 3.78 (0.65)  3.43(0.37)
(525) | 1.01(0.00) 1.00(0.00) 3.77 (0.61)  3.42 (0.35)
(1,15) | 1.01(0.00) 1.00(0.00) 7.60(6.82)  5.02 (3.11)
(3,15) | 1.01(0.00) 1.00(0.00) 7.00 (2.10)  5.78 (1.32)
o5 (515) [ L01(0.00) 100(0.00) 706(227) 583 (130)
~ (1,25) | 1.01(0.00) 1.00(0.00) 7.11(2.63)  5.60 (1.64)
(3,25) | 1.01(0.00) 1.00(0.00) 6.95(1.64)  5.76 (1.19)
(5,25) | 1.01(0.00) 1.00(0.00) 6.93(1.97)  5.74 (1.28)

Published by Atlantis Press
Copyright: the authors

185



H. A. Bayoud

Table 2: MLE and BE along with their MSE based on various Type-II Hybrid censoring Schemes when A =10
and #=0.5,3.5and 6.5.

n 0 (T’k) iMLE,H ZB,H QMLE,H éB'H
(10,3) | 10.41(0.33) 10.00(0.23) 149 (6.17)  1.32 (3.17)
(12,3) | 10.42(0.35) 10.00(0.24)  0.92 (0.53)  0.89 (0.47)
05 (143 | 1041(0.33) 9.96(0.25)  0.84(0.46)  0.82 (0.41)
(10,5) | 10.43(0.37) 10.02(0.22) 0.80 (0.34)  0.78 (0.31)
(12,5) | 10.40(0.32) 10.00(0.18) 0.88 (0.62)  0.86 (0.54)
(145) | 10.39(0.30) 9.99 (0.18)  0.81(0.38)  0.80 (0.34)
(10,3) | 10.05(0.01) 9.99 (0.00)  9.74 (132.3)  6.46 (24.39)
(12,3) | 10.06(0.01) 10.00(0.00) 5.82(17.79)  5.07 (8.82)
. s (14,3) | 10.05(0.01) 9.99 (0.00) 5.90 (30.08) 5.04 (10.91)
(10,5) | 10.06(0.01) 9.99 (0.00) 5.97 (25.53) 5.13 (10.67)
(12,5) | 10.06(0.01) 10.00(0.00) 5.93 (20.08)  5.13 (9.66)
(14,5) | 10.06(0.01) 10.00 (0.00) 5.89 (19.68) 5.11(9.72)
(10,3) | 10.03(0.00) 9.99 (0.00) 19.39 (3526) 9.07 (29.43)
(12,3) | 10.03(0.00) 10.00 (0.00) 10.49(63.72) 8.26 (18.15)
o5 (143) | 1003000) 9.99(000) 1148(1039) 877 (23.94)
(10,5) | 10.03(0.00) 9.99 (0.00)  10.72(54.23) 8.49 (16.90)
(12,5) | 10.03(0.00) 9.99 (0.00) 10.87(72.46) 8.51 (18.83)
(145) | 10.03(0.00) 9.99 (0.00) 10.57(59.66) 8.35 (17.38)
(10,15) | 10.06(0.01) 10.00(0.00) 0.58 (0.03)  0.58 (0.03)
(12,15) | 10.07(0.01) 10.00 (0.01) 054 (0.02)  0.54 (0.02)
o5 (1415 | 1006001) 9.99(000) 054(001)  0.54(001)
(10,25) | 10.07(0.01) 10.00(0.00) 0.54 (0.02)  0.54 (0.02)
(12,25) | 10.06(0.01) 10.00(0.00)  0.55(0.02)  0.55 (0.02)
(14,25) | 10.06(0.01) 10.00(0.00) 0.54 (0.01)  0.54 (0.01)
(10,15) | 10.01(0.00) 10.00 (0.00)  4.11(1.92)  3.99 (1.60)
(12,15) | 10.01(0.00) 10.00 (0.00)  3.69 (0.48)  3.65 (0.44)
0 35 (1415 [ 1001(000) 1000(000) 375(051)  3.71(047)
(10,25) | 10.01(0.00) 10.00 (0.00)  3.85(0.81)  3.79 (0.73)
(12,25) | 10.01(0.00) 10.00 (0.00)  3.74 (0.64)  3.69 (0.59)
(14,25) | 10.01(0.00) 10.00(0.00) 3.73 (0.55)  3.68 (0.50)
(10,15) | 10.01(0.00) 10.00(0.00) 7.52 (5.81)  7.13 (4.18)
(12,15) | 10.01(0.00) 10.00 (0.00)  7.02 (2.12)  6.86 (1.81)
og (1415 | 1001000) 1000(0.00) 6.90(190)  6.74(1.64)
(10,25) | 10.01(0.00) 10.00 (0.00)  7.08 (2.55)  6.87 (2.10)
(12,25) | 10.01(0.00) 10.00 (0.00) 6.91 (2.18)  6.76 (1.88)
(14,25) | 10.01(0.00) 10.00 (0.00)  6.90 (1.90)  6.73 (1.64)

Table 1 and Table 2 show that Type-II hybrid censoring is an efficient censoring scheme to
estimate the location and scale parameters of a two-parameter exponential distribution.
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It can be seen from Table 1 and Table 2 that the proposed Bayes estimates /iB,H and éB,H

give excellent results, and dominate in terms of MSE the MLEs in all cases. It can be also
concluded that when n is large, the MLE and the proposed Bayes estimators give quite similar

results, with very small values of MSE. When n is small, the proposed Bayes estimators iB,H and

éB,H give excellent results for estimation the location and scale parameters, and perform in terms

of MSE better than the MLEs. It is noticed also from Tables 2 and 3 that, the MLE of ¢ gives bad
results in some cases such as, when the true & = 3.5 and based on the first censoring scheme.

It can be also seen from Table 1 and Table 2 that the proposed Bayes estimates iB,H and
HAB,H are not as sensitive to the changes in the parameters n, T and k as the MLEs iMLE_H and

O are.

7. Conclusions

In this paper, we have considered the Type-II hybrid censoring scheme when lifetimes have a two-
parameter exponential distribution from Bayes point of view. Prior exponential and uniform
probability distributions were assumed for the scale and location parameters respectively. MLEs,
Bayes point estimates and credible intervals for @ and 4 were proposed based on complete and
Type-Il hybrid censored samples under the squared error loss. The Bayes estimates for both
parameters have been derived in closed forms. Credible intervals of the location parameter were
derived also in closed forms based on the complete and the Type-Il censored samples, but it could
not be derived in closed form for the scale parameter. It was shown from real data set and from

simulation studies that the proposed Bayes estimates iB,H and éB,H gave excellent results and

dominate, in terms of MSE, the maximum likelihood estimates in all cases. Moreover, it was
observed in some cases that the MLE of @ gives very large MSE values. So, it was recommended

to use the proposed Bayes estimates iB,H and éB,H to estimate the parameters of the two-parameter
exponential distribution based on complete and Type-II hybrid censored samples.
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