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Abstract

We produced a study in Estimation for Reliability of the Exponential
distribution based on the Bayesian approach. These estimates are derived using
Bayesian approaches. In the Bayesian approach, the parameter of the
Exponential distribution is assumed to be random variable .we derived bayes
estimators of reliability under four types when the prior distribution for the scale
parameter of the Exponential distribution is: Inverse Chi-square distribution,
Inverted Gamma distribution, improper distribution, Non-informative
distribution. And estimators for Reliability is obtained using the well known
squared error loss function and weighted squared errors loss function. We used
simulation technique, to compare the resultant estimators in terms of their mean
squared errors (MSE), mean weighted squared errors (MWSE).Several cases
assumed for the parameter of the exponential distribution for data generating, of
different samples sizes (small, medium, and large). The results were obtained by
using simulation technique, Programs written using MATLAB-R2008a program
were used. In general, Simulation results shown that the resultant estimators in
terms of their mean squared errors (MSE) is better than the resultant estimators
in terms of their mean weighted squared errors (MWSE).According to the our
criteria is the best estimator that gives the smallest value of MSE or MWSE .
For example bayes estimation is the best when the prior distribution for the scale
parameter is improper and Non-informative distributions according to the
smallest value of MSE comparative to the values of MWSE for all samples
sizes at some of true value of tand 6.

Key words: The Exponential , Bayes method, the prior distributions: Inverse
Chi-square distribution, Inverted Gamma distribution, improper distribution,
non-informative distribution, mean squared errors (MSE), mean weighted
squared errors (MWSE).
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1. Introduction

The exponential distribution is one of the most important distributions in life-
testing and reliability studies. Inference procedures for the exponential
distribution and applications in the context of life-testing and reliability have
been discussed by many authors. We mention some of them in a brief manner:

Chiou (1993) ¥ propose two empirical Bayes shrinkage estimators for the
reliability of the exponential distribution and study their properties. Under the
uniform prior distribution and the inverted gamma prior distribution these
estimators are developed and compared with a preliminary test estimator and
with a shrinkage estimator in terms of mean squared error. The proposed
empirical Bayes shrinkage estimator under the inverted gamma prior
distribution is shown to be preferable to the preliminary test estimator and the
shrinkage estimator when the prior value of mean life is close to the true mean
life.

Baklizi (2003) ™ investigated the advantages of incorporating prior
information in the reliability function through the shrinkage estimators. His
work is an effort to coin unified shrinkage estimators of reliability function for
five lifetime distributions commonly used to model lifetime data by biologists,
physicists, engineers and statisticians for living and non-living entities.

Sarhan (2003) ! exploits past experiments to approximate a prior information
(prior density) into

the model, in estimating reliability function and parameter of exponential
distribution, by using bayesian approach.

Balakrishnan, Lin and Chan( 2005) @ make a comparison of these two
prediction intervals based on the expected width of the prediction interval, as
well as by means of the probability of the width of one being smaller than the
other .Numerical results of these comparisons are presented for different choices
of the parameters involved. Also they present an example to illustrate the results
discussed in this paper.

Friesl and Hurt (2007) ! give some basic ideas of both the construction and
investigation of the properties of the Bayesian estimates of certain parametric
functions of the exponential distribution under the model of random censorship
assuming the Koziol-Green model. Various prior distributions are investigated
and the corresponding estimates are derived. The stress is put on the asymptotic
properties of the estimates with the particular stress on the Bayesian risk. Small
sample properties are studied via simulations in the special case.

Liu and Ren (2013) [ study the empirical Bayes estimation of the
parameter of the exponential distribution. In the empirical Bayes procedure,
they employ the non-parameter polynomial density estimator to the estimation of
the unknown marginal probability density function, instead of estimating the
unknown prior probability density function of the parameter. They Empirical
derived bayes estimators for the parameter of the exponential distribution under
squared error and LINEX loss functions.
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They use numerical examples to compare the empirical Bayes estimators
obtained under squared error and LINEX loss functions and they get the result
of the mean square error of the empirical Bayes estimator under LINEX loss is
usually smaller than the estimator under squared error loss function, so it is
more better.

So in this paper, we try to find best estimation for Reliability function
(R(t)) of exponential distribution which it means the probability of surviving at

least till age t. According to the smallest value of Mean Square Errors (MSE)
and Mean Weighted Square Errors (MWSE) were calculated to compare bayes
estimators under four types of prior distributions to get bayes estimation
:Inverse Chi-square distribution , Inverted Gamma distribution, Improper
distribution ,Non-informative distribution when the Bayesian estimation based
on squared and weighted squared error loss functions .Several cases from
exponential distribution for data generating ,for different sample sizes (small,
medium, and large).The results were obtained by using simulation technique,
Programs written using MATLAB-R2008a program were used.
2. Exponential Distribution

We consider ty, ty, ..., t, is @ random sample of n independent observations
from an Exponential distribution having the probability density function (pdf)
define as &):

f(t:0)= 0L exp(-é) . t>0 - (1)

where 6 > 0 is mean, standard deviation, and scale parameter of the
distribution, 6 is a survival parameter in the sense that if a random variable t is
the duration of time that a given biological or mechanical system manages to
survive, and t ~ Exp(0) then the expected duration of survival of the system is
0 units of time .So the cumulative (distribution) function is

F(t)=[ f(u)du=1- eo(-l) . >0 . (2)

0

Also, the Reliability function is

0

R(t)=1-F(t)=] fu)du=ex(-) - (3)

t

Where R(t) is probability of surviving at least till age t .And F (t) is the
cumulative distribution function.
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3. Bayes Estimation Method
In this section, we used several methods to estimation Reliability
function(R(t)).Let t=(t,,t,,...,t,)be a random sample of size n with

probability density function given in equation (1) and likelihood function from
the Exponential pdf given in (1) will be as follows™:

n -n Zinzl t,
L(t\6)=TTf(t;0)=06" exp(- o ) .(4)
i=1

In this paper the posterior distributions for the unknown parameter 6 are
g]erived using the following four types of priors, and then get bayes estimation

1.Inverse Chi-square distribution™.
2.Inverted Gamma distribution(®.
3.Improper distribution.
4.Non-informative distribution.
3.1 The posterior distribution using different Priors
It is assumed that 6 follows four types of prior distributions with pdf as given
in table below:
Table -1: The four types of prior distributions (P(6)) with pdf for6.

Prior distribution P(0)

1 1
0 ~Inverse Chi-square(v) | P(0)a — 02 exp(-—) for v,0>0
0 ~Inverted Gammay( o, a

(e ) P(0)a L+ o @+D) exp(-g) for ap, 0>0
0 ~Improper(a,b) P(0)a p-@+1) exp(-Eb) for b, 6>0
and -co<a<oo

1

6 ~Non-informative(c) P(8) a o for 6,c >0

Then the posterior distribution of given the data t=(t,,t,,...,ty ) is:
L(t\6) P(6) (5)

[ L(t\6) P(6)do

0

P(B\t)=
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Substituting the equation (4) and for each P(6) as shown in table -1 in

equation (9), we get the posterior distributions for the unknown parameter 0 are
derived using the following four types of priors ( for more details see Appendix-
A).

Table -2: The posterior distributions (P(6\t)) for the unknown parameter
(0) are derived using the following four types of priors.
Prior dist". | The posterior distribution (P(6\t))

P, (6\1)) ~ Inverted Gamma ( opew) = (N +% ), Boew=(2, t, + %) ) with pdf

nverse &g 4+ O {(+¥)+1] 1 1
Chi-square | P,(0\)=——1 2 07 2 oo (Xt +2)
l"(n—t—E)

n, v, 6>0
P, (6\1)) ~ Inverted Gamma ( apew) = (N + @), Boewy = (2, t; +P) ) with pdf

- 1
nverted <, t; +p ™ e OO  epen 1 +py
P,(0\t)=
I'n+a)
np,o,06>0
P,(6\1t)) ~ Inverted Gamma ( apew) = (N +a), Prew = (2, t; +b)) with pdf
- 1
Improper =P, X, +p)(08) g+ )+l EXP('é(Zin:l X5 +b))
P,(0\X) =
I'(n+a)
n,b,0>0 and -o<a<oo
P,(6\1)) ~ Inverted Gamma ( apew) = (N +C—1), Boew = (X, t,)) with pdf
Non- n o ¢.)(n+cd) e—[(n+c—1)+1] Llen .
informative (i l) exp( ezl =1 |)

P(01D)= T(n+c-1)

nc,0>0

3.2 Bayes' Estimators
Bayes' estimators for Reliability function (R=R(t)), was considered with four
different priors and under two loss functions:

1.The squared error loss function L,( R, R)=( R- R)?.
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weighted squared error loss function

L, ( I;, R) =

_ 2
@ , for k>1.

AN

Where R an estimator for is R, was considered with different four priors, and
under two loss functions. Following is the derivation of these estimators:

3.2.1 The_squared error loss function
To obtain the Bayes' estimator, we minimize the posterior expected loss given
by:

L, ( FAz, R) =( R- R)? .. ()

After simplified steps, we get Bayes estimator of R(t) denoted by R (t) for the
above prior as follows

Ree =E(R\)=[R(©)P(0\t)do - (7)
0
So, the following results are the derivations of these estimators under the
squared error loss function with different four priors (for more details see
Appendix-B).

Table -3: The estimators (R (t) ) under the squared error loss function
with different four priors.

Prior distribution | R (t)=E(R\t)=[R()P(0\t)do
0

" > t.+05
RSEl(t)=[ n .
iy t+t+05

Inverse Chi- (”%)

square

] , N&Vv>0

A it +P
Inverted Gamma Ry, ()=[———1"*9 np,a>0

it +t+p
" ZL ti +b
Improper R..(t)= ") nb,a>0
prop ses (1) [zi”_lti+t+b]
. . N Zin:l ti (n+c-1)

Non-informative Ry, )=[——1] ,n,c>0

i b+t
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3.2.2 The weighted squared error loss function
To obtain the Bayes' estimator, we minimize the posterior expected loss given

by:

N _ 2
L?(R,R)=EL%EEQ—  for k>1 . (8)

After simplified steps, we get Bayes estimator of R(t) denoted by R, (t)for the

above prior as follows
i\ 1 1
Ruse = 1 :wl - (9)
E(=\X il
(519 !Rpw\nw

So, the following results are the derivations of these estimators under the
weighted squared error loss function with different six priors (for more details
see Appendix-C).

Table -4: The estimators (R, (t) ) under the weighted squared error loss
function with different four priors.

" 1 1
Prior distribution Ruse (1= 1 T
E(=\X il
(F\9 !Rpw\om
v
Inverse Chi-square WSEl( )= [%] ) , N&Vv>0
_l -
" Z?:l t; +P B} o
Inverted Gamma wees D=1 ] (n+o np,a>0
Yia bt —t+B
ZI— i
Improper R wses ()= [ﬁ]_(ma) ,n,b,a>0
i 1 Lot
Non-informative t)= [ i 7@ ¢ ne>0
WSE4 t t e
_l -

4. Simulation Study

In this study, we have generated random samples from Exponential distribution
and compared the performance of Bayes estimators based on them. So we have
considered several steps to perform simulation study as follow:

1.We have chosen sample size n = 30, 60, 90and 120 to represent small, moderate
and large sample size.
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2.We generated data from Exponential distribution for the scale parameter; we
have considered randomly several values for the parameter of Exponential
distribution6=05, 1, 1.5,25.

3.We choose the values for the parameters of the prior distributions that give
the appropriate estimation for Reliability function (R(t)), as shown below:

e We used two values for the parameter of the Inverse Chi-square distribution
(v=4, 6) as prior distribution for6.

e We used two values for the parameters of the Inverted Gamma distribution
(a,B)=((32),(5,2)) as prior distribution for9.

e We used two values for the parameters of the improper distribution
(a ,b)=((7,3),(9,3)) as prior distribution for9.

e We used randomly three values for the function of the non-informative prior
distributionc =1, 3.

4. The number of replication used was (L =1000) for each sample size (n).

5.The true R(t) is computed according to the formula (3) with 6 =0.5, 1, 1.5,2.5 and
thetruetist=0.5, 1.5, 2.5,3.5.

6.We obtained estimators for Reliability function (R(t)), the estimators in table (3), it

means the estimators (Rse (t)) under the squared error loss function with four different

priors .And the estimators in table (4) , it means the estimators (Rwse(t)) under the

weighted squared error loss function with different four priors.

The simulation program was written by using MATLAB-R2008a program. After
the Reliability function (R(t)), was estimated, Mean Square Errors (MSE) and Mean
weighted squared Errors (MWSE) were calculated to compare between the bayes
estimators, where k=1. So we have the following criteria:

" _11000 " »
MSE(R(U)—LLZ:l (Ry (1)-R(1)) ..(10)
N 2
MWSE(R(t)):%lfzio (Re (;i't?(t)) ) (12)

See appendix-D, for the programs algorithm. The results of the simulation
study are summarized and tabulated in tables (4-1to4-4).In each row of tables (4-1to4-4)

,we have four estimated values for R(t) (R(t)) with MSE for all sample size (n) and

values (v (a,B), (a, b), ¢ ) respectively. Also the results of the simulation study are
summarized and tabulated in tables (4-5t04-8).In each row of tables (4-5t04-8) ,we

have four estimated values for R(t) (R(t)) with MWSE for all sample size (n) and

values (v (a,B), (a, b), c) respectively .The Bayes estimators under four types of prior

distribution .So our criteria is the best estimator that gives the smallest value of ( MSE )
and ( MWSE ). We list the results in the following tables (4-1 to4-8).
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Table 4-1: Reliability Estimation using Bayes with respect to

N

MSE( R (t))when prior distribution is inverse Chi-square .

parameters R(t) (R(®)) MSER (1)
Sample Size(n) Sample Size(n)
0 ] 60 | e [0 | | e | w | 1
B |t | v ]| - (P.(8'%) ) when prior distributionis inverse Chi-square
05 | 05| 4 0.36788 | 0.35014 | 0.36345 | 0.36300 | 036502 | 0.00377 | 0.00209 | 0.00135 | 0.00111
L5 0.04978 | 0.05470 | 0.0526 | 0.05127 | 0.05105 | 0.00065 | 0.00035 | 0.00022 | 0.00018
15 0.00673 | 0.00091 | 0.00845 | 0.00777 | 0.00758 | 6.127e" | 2611567 | 1.4615¢°| L1T32¢
15 0.00001 | 0.00205 | 0.00148 | 0.00126 | 0.00118 | 5.411e* | 1.6885¢%| 8.0671¢7| 6.083¢7
05] 6 0.36788 | 0.34790 | 0.35762 | 0.36004 | 0.36203 | 0.00407 | 0.00217 | 0.00140 | 0.00114
L5 0.04978 | 0.05012 | 0.05021 | 0.04966 | 0.04983 | 0.00055 | 0.00032 | 0.00021 | 0.00017
15 0.00673 | 0,00864 | 0.00785 | 000738 | 0.00728 | 4.515¢° | 2.1844¢°| 1.2897¢° | L0665
15 0.00091 | 0.00171 | 0.00134 | 0.00117 | 0.00112 | 3.708¢4 | L3354ef| 6.7785¢7| 5.3181¢
1 [05] 4 0.60653 | 0.5894 | 0.59785 | 0.60023 | 0.60163 | 0.00315 | 0.00158 | 0.00108 | 0.00080
L5 022313 | 021492 | 0.21906 | 0.21992 | 0.22054 | 0.00304 | 0.00170 | 0.00119 | 0.00091
15 0.08208 | 0.08288 | 0.08275 | 0.08231 | 0.08216 | 0.00110 | 0.00062 | 0.00044 | 0.00034
15 0.03019 | 0,03353 | 0.03215 | 0,03142 | 0.031089 | 0.00033 | 0.00018 | 0.00012 | 9.4633¢°
05] 6 0.60653 | 0.57082 | 0.50293 | 050691 | 0.59014 | 0.00365 | 0.00171 | 0.00114 | 0.00083
15 022313 | 0.20506 | 021382 | 0.21636 | 0.21784 | 0.00319 | 0.00174 | 0.00121 | 0.00092
15 0.08208 | 0.07687 | 0.07955 | 0.08013 | 0.08051 | 0.00103 | 0.00060 | 0.00043 | 0.00033
15 0.03019 | 0.03020 | 0.03046 | 0.03028 | 0.03022 | 0.00028 | 0.00016 | 0.00011 | 0.0178¢
15|05 ] 4 071653 | 0.69855 | 0.70679 | 0.71065 | 0.71199 | 0.00245 | 0.00111 | 0.00069 | 0.00051
L5 0.36788 | 03403 | 0.35726 | 036165 | 0.36200 | 0.00460 | 0.00232 | 0.00151 | 0.00114
15 0.18888 | 0.17982 | 0.18228 | 0.18586 | 0.18644 | 0.00292 | 0.00157 | 0.00105 | 0.00080
15 0.09697 | 0.09497 | 0.09534 | 0.09642 | 0.09644 | 0.00143 | 0.00079 | 0.00053 | 0.00041
05 6 0.71653 | 0.69081 | 0.70286 | 0.70802 | 0.71001 | 0.00287 | 0.00122 | 0.00074 | 0.00053
L5 0.36788 | 03382 | 035142 | 035769 | 0.36 0.00511 | 0.00247 | 0.00158 | 0.00118
15 018888 | 0.17068 | 0.1784 |0.18252 | 018391 |0.00304 | 0.00161 | 0.00107 | 0.00081
15 0.09697 | 0.08846 | 0.00186 | 0.00402 | 0.09463 | 0.00138 | 0.00078 | 0.00052 | 0.00040
50050 4 081873 | 0.8041 |0.81124 |0.81415 | 0.81484 |0.00119 | 0.00057 | 0.00033 | 0.00016
L5 0.54881 | 0.52455 | 0.53628 | 0.54124 | 0.54219 | 0.00408 | 0.00212 | 0.00128 | 0.00101
15 0.36788 | 0,34602 | 0.35655 | 036111 | 0.36178 | 0.00446 | 0.00246 | 0.00152 | 0.00121
15 0.2466 | 0.23061 | 0.23837 [0.24178 | 0.24207 | 0.00354 | 0.00205 | 0.00129 | 0.00104
05 6 0.81873 | 0.70866 | 0.80851 | 081237 | 0.51347 | 0.00143 | 0.00063 | 0.00036 | 0.00027
L5 0.54881 | 0.51419 | 0.53094 | 053765 | 0.53948 | 0.00476 | 0.00231 | 0.00136 | 0.00106
15 0.36788 | 0.33491 | 0.35072 | 0.35715 | 0.35879 | 0.00504 | 0.00262 | 0.00159 | 0.00126
15 0.2466 | 02205 |0.23200 | 023811 | 0.23920 | 0.00387 | 0.00213 | 0.00133 | 0.00106
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Table4- 2: Reliability Estimation using Bayes with respect to

N

MSE( R (t)) when prior distribution is inverted gamma .

parameters R(t) (R ) MSER (1)
Sample Size(n) Sample 5ize(n)
3 ] 6 | e | 120 [ 3 [ e | w0 | 120
Bt o B (P.(8'x) ) when prior distributionis inverted gamma
05 |05 ] 3 | 1 |036788 | 0.35955 | 0.36357 [ 0.36405 | 036506 | 0.00354 | 0.00202 | 0.00132 | 0.00109
L5 0.04978 | 0.05450 | 0.05253 | 0.05125 | 0.05103 | 0.00061 | 0.00034 | 0.00021 | 0.00018
15 0.00673 | 0.00977 | 0.00841 | 0.00776 | 0.00757 | 5.6722¢° | 2.5147¢°| 1.4262¢° | L152eF
15 0.00091 | 0.00200 | 0.00147 | 0.00125 | 0.00118 | 4.9061e%| 1.6121¢°| 7.8356¢" | 5.954¢”
05| 5 | 2 |036788 | 036027 | 036378 | 0.36417 | 036513 | 0.00314 | 0.00190 | 0.00127 | 0.00106
L5 0.04978 | 0.05415 | 0.05242 | 0.08120 | 0.05100 | 0.00054 | 0.00032 | 0.00020 | 0.00017
15 0.00673 | 0.00953 | 0.00834 | 0.00773 | 0.00755 | 4.8983¢°| 23362¢° | 13502 | L1113
15 0.00091 | 0.00190 | 0.00144 | 0.00124 | 0.00117 | 4.0753¢% | 1.4735¢F| 74017 | 5.7078¢7
1 |05 3 | 1 [0.60653|0.58504 | 0.5955 |[0.59362 | 0.60042 | 0.00326 | 0.00161 | 0.00109 | 0.00081
L5 012313 | 021016 | 0.21648 | 0.21817 | 02192 | 0.00300 | 0.00168 | 0.00119 | 0.00001
15 0.08208 | 0.07983 | 0.08114 | 0.08121 | 0.08133 | 0.00103 | 0.00060 | 0.00043 | 0.00033
15 0.03019 | 0.03182 | 0.03127 | 0.03084 | 0.03065 | 0.00029 | 0.00016 | 0.00011 | 0.1451¢°
05| 5 | 2 |0.60653 | 057683 | 0.59095 | 0.59549 | 059802 | 0.00356 | 0.00170 | 0.00114 | 0.00084
L5 022313 | 020134 | 021155 | 0.21475 | 0.21659 | 0.00305 | 0.00170 | 0.00120 | 0.00001
15 0.08208 | 0.07430 | 0.07807 | 0.07910 | 0.07972 | 0.00094 | 0.00057 | 0.00041 | 0.00032
15 0.03019 | 0,02877 | 0.02963 | 0.02972 | 0.02980 | 000024 | 0.00015 | 0.00010 | 8.6466¢°
L5 | 05| 3 | 1 |0.71653 | 0.69371 | 0.70425 [0.70893 | 0.71069 | 0.00265 | 0.00117 | 0.00071 | 0.00052
L5 0.36788 | 034218 | 035345 | 0.35905 | 0.36102 | 0.00481 | 0.00239 | 0.00154 | 0.00115
15 0.18888 | 0.17383 | 0.18006 | 0.18365 | 0.18476 | 0.00202 | 0.00158 | 0.00105 | 0.00080
15 0.09697 | 0.09062 | 0.09302 | 0.09482 | 0.09524 | 0.00137 | 0.00077 | 0.00052 | 0.00040
05| 5 | 2 |0.J1653 | 0.68444 | 0.69020 | 0.70555 | 0.70813 | 0.00316 | 0.00131 | 0.00078 | 0.00056
L5 0.36788 | 0.32881 | 0.34608 | 0.35396 | 0.35714 | 0.00547 | 0.00260 | 0.00163 | 0.00121
15 0.18888 | 0.16278 | 0.17389 | 0.17935 | 0.18147 | 0.00312 | 0.00165 | 0.00108 | 0.00082
15 0.09697 | 0.08276 | 0.08862 | 0.09174 | 0.09288 | 0.00134 | 0.00077 | 0.00052 | 0.00040
25 (05 3 | 1 [O051873 (07999 |0.8001 | 081275 | 081376 | 0.00135 | 0.00061 | 0.00035 | 0.00027
L5 0.54881 | 05165 | 053207 | 0.53839 | 0.54004 | 0.00455 | 0.00225 | 0.00133 | 0.00105
15 036788 | 033733 | 035194 | 0.35797 | 035941 | 0.00484 | 0.00257 | 0.00157 | 0.00124
15 0.2466 | 022265 |0.2341 | 0.23886 | 0.23986 | 0.00374 | 0.00210 | 0.00131 | 0.00105
05| 5 | 2 |0.81873 | 0.79175 | 0.80488 | 0.80991 |0.81161 | 0.00177 | 0.00073 | 0.00040 | 0.00030
L5 0.54881 | 0.50108 | 0.5238% | 0.53270 | 0.53570 | 0.00578 | 0.00260 | 0.00140 | 0.00114
15 0.36788 | 0.32002 | 0.34299 | 0.35181 | 035472 | 0.00597 | 0.00289 | 0.00171 | 0.00134
15 0.2466 | 020782 | 022586 | 0.23315 | 023551 | 0.00445 | 0.00230 | 0.00140 | 0.00111
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Table4- 3: Reliability Estimation using Bayes with respect to

N

MSE( R (t)) when prior distribution is improper .

parameters R(t) (R () MSER (1)
Sample Size(n) Sample Size(n)
0 [ 60 [ o0 [ 1m0 [ 3 [ 6 [ w0 [ 120
Bl t]alhb (P,(8'%) ) when prior distribution is improper
05 [ 05| 7 | 3 [0J36788 [ 0.36089 | 0.36397 | 0.36428 | 0.36519 | 0.00280 | 0.00178 | 0.00121 | 0.00102
L5 0.04978 | 0.05384 | 0.05231 | 0.05116 | 0.05008 | 0.00048 | 0.00030 | 0.00020 | 0.00017
15 0.00673 | 000932 | 0.00827 | 0.00770 | 0.00753 | 4.26%° | 21767 | 1.1969¢° | LOT2Te
15 0.00001 | 0.00182 | 0.00142 | 0.00123 | 0.00117 | 3.4281¢f| 1.35156% | 7.0009¢ | 5.4764¢
05 | 0 | 1 |036788 | 0.34176 | 0.35323 | 035681 | 0.35047 | 0.00341 | 0.00198 | 0.00132 | 0.00100
Li 0.04978 | 004619 | 0.04798 | 0.04816 | 0.04867 | 0.00039 | 0.00026 | 0,00018 | 000016
15 0.00673 | 0.00732 | 0.00720 | 0.00698 | 0.00698 | 2.5101¢°| 1.5801&° | 1.0369¢7 | 0,0200¢F
15 0.00091 | 0.00132 | 0.00117 | 0.00107 | 0.00105 | 1.7018¢F| 8.6714¢7| 5.0366¢" | 4.2407¢
I [ 05 ] 7 | 3 [0.60653 | 0.56021 | 0.58658 | 0.59243 | 0.59568 | 0.00396 | 0.00183 | 0.00120 | 0.00087
15 0.22313 | 0,10337 | 0.20687 | 0.21146 | 021405 | 0,00324 | 0.00175 | 0.00123 | 0.00093
15 0.08208 | 0.06944 | 0.07521 | 0.07709 | 0.07817 | 0.00093 | 0.00056 | 0.00041 | 0.00032
15 0.03019 | 002616 | 0.02812 | 002867 | 0.02899 | 0.00021 | 0.00014 | 0.00010 | 831436
05| 0 | 1 |0.60653 | 055226 | 0.57735 | 0.58600 | 059085 | 0.00562 | 0.00232 | 0.00144 | 0.00101
15 0.22313 | 017726 | 0.19747 | 0.20484 | 0.20895 | 0,00430 | 0.00210 | 0.00140 | 0.00104
15 0.08208 | 0.06035 | 0.06972 | 0.07317 | 0.07512 | 0.00111 | 0.00062 | 0.00044 | 0.00034
15 0.03019 | 0.02166 | 0.02534 | 0.02668 | 0.02744 | 0.00022 | 0.00014 | 0.00010 | §.31eF
LA [ 05| 7 | 3 [0.71653 | 0.67568 | 0.609447 | 0.70223 | 0.7056 | 0.0037§ | 0.00151 | 0.00087 | 0.00061
L5 0.36788 | 0.31648 | 033902 | 0.34901 | 0.35334 | 0.00638 | 0.00291 | 0.00177 | 0.00129
15 0.18888 | 015284 | 0.16806 | 0.17521 | 0.17828 | 000351 | 0.00179 | 0.00114 | 0.00086
15 0.09697 | 0.07584 | 0.08452 | 0.08881 | 0.09061 | 0.00143 | 0.00080 | 0.00053 | 0.00041
05| 0 | 1 |0.J1653 | 0.6616 |0.68697 | 0.69714 | 0.70174 | 0.00527 | 0.00193 | 0.00105 | 0.00072
15 0.36788 | 0.20772 | 0.32834 | 0.34156 | 034762 | 0,00858 | 0.00363 | 0.00210 | 0.00149
15 018888 | 0.13847 | 0.15947 | 0.16909 | 0.17354 | 0.00454 | 0.00216 | 0.00132 | 0.00097
15 0.09697 | 0.06630 | 0.07862 | 0.08454 | 0.08728 | 0.00177 | 0.00093 | 000059 | 000045
25005 7 | 3 [081873 ] 0.78389 | 0.80074 | 0.8071 | 0.50948 | 0.00229 | 0.00087 | 0.00046 | 0.00034
15 0.54881 | 0.48651 | 0.51586 | 0.52720 | 05316 | 0.00737 | 0.00307 | 0.00170 | 0.00127
15 0.36788 | 030572 | 033438 | 0.34581 | 0.35013 | 0.00748 | 0.00336 | 0.00193 | 0.00147
15 0.2466 | 0.19434 | 0.21803 | 0.22763 | 0.23127 | 0.00544 | 0.00262 | 0.00155 | 0.00121
05| 0 | 1 |0.81873|0.77368 | 0.79545 | 0.80354 | 0.80679 | 0,00319 | 0.00111 | 0.00057 | 0.00040
L5 0.54881 | 0.46812 | 0.50583 | 0.5204 | 0.52635 | 0.01000 | 0.00386 | 0.00206 | 0.00149
15 0.36788 | 0.28707 | 0.32373 | 0.33836 | 0.34442 | 0.010046 | 0.00417 | 0.00230 | 0.00170
15 0.2466 | 017824 | 0.20846 | 0.22084 | 022603 | 0,00721 | 0.00320 | 0.00183 | 0.00138
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Comparison Bayes Estimators of Reliability in

the Exponential Distribution

Table4- 4: Reliability Estimation using Bayes with respect to

N

MSE( R (t)) when prior distribution is non -informative .

parameters R(t) (R{t) MSH(R(t)
Sample Size(n) Sample Size(n)
0 ] 60 | o0 [ 120 | 30 [ 6 | 90 [ 1
] t | ¢ | - (P.(8'%) ) when prior distributionis non- informative
05 [ 05 1 0.36788 | 037058 | 0.36937 | 0.36797 | 0.36803 | 0.00395 | 0.00214 | 0.001371 | 0.00112
L5 0.04978 | 0.0601 | 0.05521 | 0.05207 | 0.05232 | 0.00085 | 0.00040 | 0.00024 | 0.00020
15 0.00673 | 0.01158 | 0.00916 | 0.00821 | 0.00789 |9.1986e7| 3205 | 1.7223¢% | 132887
15 0.00091 | 0.00255 | 0.00166 | 0.00136 | 0.00125 | 8.8013ef| 2.2407e%| 0.0516¢7 | 7.1403¢7
05] 1 036788 | 034721 | 03574 | 035003 | 0.36107 | 0.00435 | 0.00224 | 0.00143 | 0.00116
15 0.04978 | 0.05019 | 0.05023 | 0.04967 | 0.04984 | 0.00059 | 000033 | 0.00021 | 0.00018
15 0.00673 | 0.00874 | 0.00788 | 0.00739 | 0.00729 | 4.8655¢7| 22661 | 1.3208¢° | 1.0857¢°
15 0.00091 | 0.00175 | 0.00135 | 0.00118 | 0.00113 | 4.0843¢%| 1.3074e% | 6974367 | 54311
1 (051 0.60653 | 0.60392 | 0.60526 | 0.60521 | 0.60538 | 0.00284 | 0.00150 | 0.00103 | 0.00077
15 0.22313 | 0.23073 | 022718 | 0.22538 | 0.22465 | 0.00328 | 000177 | 0.00122 | 0.00093
15 0.08208 | 0.09300 | 0.08786 | 0.08571 | 0.08471 | 0.00142 | 0.00071 | 0.00048 | 0.00036
15 0.03019 | 0.03925 | 0.03492 | 0.03324 | 0.03243 | 0.00050 | 0.00022 | 0.00014 | 0.00010
05| 3 0.60653 | 0.58412 | 050526 | 0.59851 | 0.60035 | 0.00350 | 000167 | 0.00112 | 0.00082
L5 022313 | 0.2007 |0.21636 | 02181 |0.21917 | 0.00319 | 0.00174 | 0.00121 | 0.00082
15 0.08208 | 0.07981 | 0.08114 | 0.08121 | 0.08133 | 0.00109 | 0.00062 | 0.00043 | 0.00034
15 0.03019 | 0.03192 | 0.03131 | 0.03086 | 0.03066 | 0.00031 | 000017 | 0.00011 | 9.206e*
L5051 0.71653 | 0.71152 | 0.71336 | 0.71504 | 0.71529 | 0.00207 | 0.00100 | 0.00065 | 0.00048
L5 036788 | 036859 | 0.36717 | 0.36833 | 0.36803 | 0.00438 | 0.00223 | 0,00149 | 000112
15 0.18888 | 0.19625 | 0.10173 | 0.19157 | 0.19074 | 0.00317 | 0.00162 | 0.00108 | 0.00082
15 0.09697 | 0.10705 | 0.10148 | 0.10056 | 0.09955 | 0.00178 | 0.00087 | 0.00057 | 0.00043
05] 1 0.71653 | 0.69565 | 0.7054 | 0.70974 | 0.71131 | 0.00265 | 0.00116 | 0.00071 | 0.00052
15 0.36788 | 0.34527 | 0.35522 | 0.36029 | 0.36197 | 0.00485 | 000239 | 0.00154 | 0.00116
15 0.18588 | 0.17658 | 0.1816 | 0.18472 | 0.1855§ | 0.00300 | 0.00160 | 0.00106 | 0.00081
15 0.09697 | 0.09272 | 0.09416 | 0.09561 | 0.09583 | 0.00143 | 0.00079 | 0.00053 | 0.00041
15105 ] 1 051873 | 0.81392 | 0.51616 | 0.81746 | 0.8173 | 0.00093 | 0.00050 | 0.00031 | 0.00024
15 0.54881 | 0.54367 | 054590 | 0.54774 | 0.54700 | 0.00343 | 000194 | 0.00121 | 0.00096
15 036788 | 0.36693 | 0.36728 | 0.36833 | 0.36722 | 0.00406 | 0.00235 | 0.00149 | 0.00118
15 0.2466 | 0.25003 | 0.24838 | 0.24854 | 0.24716 | 0.00352 | 0.00204 | 0.00130 | 0.00103
05| 3 051873 | 0.80287 | 0.81066 | 0.81381 | 0.81456 | 0.00125 | 000059 | 0.00034 | 0.00026
L5 0.54881 | 052225 | 0.53515 | 0.54049 | 0.54163 | 0.00427 | 0.00217 | 0.00130 | 0.00102
15 0.36788 | 034358 | 0.35533 | 0.36029 | 036117 | 0.00462 | 0.00250 | 0.00154 | 0.00123
15 0.2466 | 0.22843 | 023725 | 0.24103 | 0.2415 | 0.00364 | 000207 | 0.00130 | 0.00104
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Comparison Bayes Estimators of Reliability in

the Exponential Distribution

Table4-5: Reliability Estimation using Bayes with respect to

N

MWSE( R (t)) when prior distribution is inverse Chi-square .

parameters R(t) (R(t) MWSE(R(®))
Sample Size(n) Sample Size(n)
0 [ 60 | w0 [ 1 0 ] 6 | 0 [ 12
] t | v | - (P.(6'%) ) when prior distributionis inverse Chi-square
05 [ 05| 4 036788 | 034721 | 03574 | 035003 | 036197 | 0.01183 | 0.00611 | 0.00389 | 0.00315
1.5 0.04978 | 0.04164 | 0.04562 | 0.04652 | 0.04745 | 0.01177 | 0.00665 | 0.00437 | 0.00363
15 0.00673 | 0.00496 | 0,00582 | 0.00599 | 0.00622 | 0.00395 | 0.00234 | 0.00156 | 0.00133
15 0.00091 | 0.00058 | 000074 | 0.00077 | 0.00081 | 0.00103 | 0.00061 | 0.00040 | 0.00035
5] 6 036788 | 03361 | 035157 | 035598 | 0.35898 | 0.01335 | 0.00652 | 0.00410 | 0.00327
15 0.04978 | 0.03787 | 004346 | 0.04502 | 0.04629 | 0.01201 | 0.00670 | 0.00443 | 0.00366
25 0.00673 | 0.00426 | 0.00537 | 0.00568 | 0.00597 | 0.00365 | 0.00223 | 0.00152 | 0.00130
15 0.00091 | 0.00047 | 0.00066 | 0.00071 | 0.00077 | 0.00086 | 0.00054 | 0.00037 | 0.00033
1 [05] 4 0.60653 | 0.58412 | 059526 | 0.59851 | 0.60035 | 0.00578 | 0.00276 | 0.00185 | 0.00136
1.5 0.22313 | 0.19916 | 0.21094 | 021445 | 0.21641 | 0.01639 | 0.00838 | 0.00574 | 0.00432
25 0.08208 | 0.06786 | 0.07475 | 0.07686 | 0.07803 | 0.01469 | 0.00797 | 0.00554 | 0.00426
15 0.03019 | 0.02311 | 002649 | 002755 | 0.02814 | 0.00952 | 0.00542 | 0.00381 | 000299
05] 6 0.60653 | 057447 | 0.59032 | 0.59519 | 0.59785 | 0.00678 | 0.00302 | 0.00197 | 0.00143
15 022313 | 018961 | 0.20577 | 021092 | 021373 | 0.01831 | 0.00892 | 0.00600 | 0.00448
15 0.08208 | 0.06261 |0.07175 | 0.07478 | 0.07643 | 0.01565 | 0.00825 | 0.00568 | 0.00435
15 0.03019 | 0.02068 | 0.02503 | 0.02652 | 0.02734 | 0.00968 | 0.00545 | 0.00383 | 0.00300
15 [ 05 4 0.71653 | 0.69565 | 0,7054 | 070074 | 0.71131 | 0.00370 | 0.00162 | 0.00099 | 0.00072
1.5 0.36788 | 0.33708 | 0.35111 | 035756 | 0.35993 | 0.01486 | 0.006%6 | 0.00439 | 0.00326
15 0.18888 | 016350 | 0.17484 | 018017 | 0.18214 | 0.01871 | 0.00933 | 0.00599 | 0.00452
15 0.09697 | 0.07951 | 0.08710 | 0.09079 | 0.09218 | 0.01687 | 0.00889 | 0.00570 | 0.00443
05| 6 0.71653 | 0.68786 | 0.70145 | 0.7071 | 0.70933 | 0.00436 | 0.00179 | 0.00107 | 0.00077
15 0.36788 | 0.3260 | 0.34528 | 035361 | 035694 | 0.01694 | 0.00757 | 0.00465 | 0.00341
15 0.18888 | 015487 [0.17006 | 017688 | 0.17964 | 0.02066 | 0.00996 | 0.00626 | 0.00468
15 0.09697 | 0.07371 | 0.08381 | 0.08849 | 0.09042 | 0.01807 | 0.00932 | 0.00598 | 0.00455
15105 4 0.81873 | 0.80287 | 081066 | 081381 | 0.81456 | 0.00153 | 0.00072 | 0.00042 | 0.00032
15 0.54881 | 051756 | 0.53287 | 0.539 | 0.54051 | 0.00851 | 0.00415 | 0.00245 | 0.00192
15 036788 | 033369 | 0.35030 | 035701 | 0.35871 | 0.01467 | 0.00738 | 0.00443 | 0.00349
15 0.2466 | 021518 | 0.23048 | 023649 | 0.23808 | 0.01793 | 0.00928 | 0.00566 | 0.00448
05| 6 0.51873 | 0.7974 | 0.80792 | 0.81199 | 0.81319 | 0.00184 | 0.00080 | 0.00045 | 0.00034
15 0.54881 | 0.50713 | 052752 | 05354 | 05378 | 0.01003 | 0.00455 | 0.00262 | 000202
15 036788 | 032264 | 034457 | 035306 | 0.35572 | 0.01696 | 0.00801 | 0.00470 | 0.00366
15 0.2466 | 020534 | 022516 | 023284 | 023532 | 0.02035 | 0.00997 | 0.00596 | 0.00467
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Comparison Bayes Estimators of Reliability in

the Exponential Distribution

Table4-6: Reliability Estimation using Bayes with respect to

N

MWSE( R (t)) when prior distribution is inverted gamma.

parameters R(t) (R(t) MWSER(t))
Sample Size(n) Sample Size(n)
0 [ 60 [ 90 [ 130 | 3 [ 60 | 90 | 120
Bt alB (P.(8'%) ) when prior distributionis inverted gamma
05|05 3 1 |0.36788 | 034799 | 035762 | 0.36004 | 036203 | 001108 | 0.00591 | 0.00380 | 0.00310
1.5 0.04978 | 0.04179 | 0.04567 | 0.04655 | 0.04746 | 0.01116 | 0.00645 | 0.00428 | 0.00358
15 0.00673 | 0.00497 | 0.00582 | 0.00600 | 0.00622 | 0.00374 | 0.00227 | 0.00152 | 0.00131
15 0.00091 | 0.00058 | 0.00074 | 0.00077 | 0.00081 | 0.00096 | 0.00059 | 0.00039 | 0.00035
0.5 5 | 2 (036788 | 03494 | 0.35802 | 0.36024 | 036215 | 0.00978 | 0.00554 | 0.00364 | 0.00300
L5 0.04978 | 0.04200 | 0.04575 | 0.04660 | 0.04740 | 0.01008 | 0.00609 | 0.00411 | 0.00347
15 0.00673 | 0.00499 | 000582 | 0.00600 | 0.00622 | 0.00338 | 0.00215 | 0,00146 | 0.001271
15 0.00091 | 0.00058 | 0.00073 | 0.00077 | 0.00081 | 0.00086 | 0.00055 | 0.00037 | 0.00034
1 |05 3 1 |0.60653 | 057982 | 059203 | 0.50691 | 0.50014 | 0.00602 | 0.00283 | 0.00188 | 0.00138
L5 022313 | 019478 | 0.20846 | 021274 02151 | 0.01674 | 0.00849 | 0.00579 | 0.00435
15 0.08208 | 0.06538 | 0.07320 | 0.07584 | 0.07724 | 0.01471 | 0.00796 | 0.00554 | 0.00426
15 0.03019 | 0.02194 | 0.02577 | 0.02704 | 0.02774 | 0.00932 | 0.00534 | 0.00377 | 0.00297
05| 5 | 2 [0.60653 | 057172 | 0.5584 | 0.59379 | 0.59675 | 0.00663 | 0.00301 | 0.00195 | 0.00144
15 022313 | 01867 | 0.20372 | 0.20041 | 021254 | 0.01787 | 0.00885 | 0.00598 | 0.00447
15 0.08208 | 0.06001 | 0.07053 | 0.07387 | 0.07571 | 0.01519 | 0.00811 | 0.00562 | 0.00431
15 0.03019 | 0.01986 | 0.02442 | 0.02606 | 0.02698 | 0.00929 | 0.00531 | 0.00376 | 0.00296
1505 ] 3 | 1 |07J1653 | 0.69081 | 0.70286 | 0.70802 | 0.71001 | 0.00401 | 0.00171 | 0.00103 | 0.00075
1.5 0.36788 | 033012 | 0.34734 | 0.35498 | 0.35796 | 0.01582 | 0.00727 | 0.00452 | 0.00334
15 0.18888 | 0.15804 | 0.17173 | 0.17801 | 0.18049 | 0.01955 | 0.00962 | 0.00612 | 0.00459
15 0.09697 | 0.07577 | 0.08495 | 0.08927 | 0.09102 | 0.01730 | 0.00906 | 0.00586 | 0.00448
05| 5 | 2 [0.71653 | 0.68155 | 0.69789 | 0.70463 | 0.70745 | 0.00479 | 0.00193 | 0.00113 | 0.00080
15 0.36788 | 0.31708 | 0.34005 | 0.34992 | 03541 |0.01832 | 0.00807 | 0.00438 | 0.00355
15 0.18888 | 0.14781 | 0.16578 | 0.17381 | 017726 | 0.02197 | 0.01047 | 0.00650 | 0.00483
15 0.09697 | 0.06903 | 0.08087 | 0.08634 | 0.08875 | 0.01887 | 0.00946 | 0.00614 | 0.00465
15|05 3 1 |081873 | 0,79866 | 0.80851 | 0.81237 | 0.81347 | 000174 | 0.00077 | 0.00044 | 0.00034
L5 0.54881 | 0.50951 | 0.52867 | 0.53615 | 0.53836 | 0.00955 | 0.00443 | 0.00257 | 0.00199
15 0.36788 | 032512 | (.34581 | 0.35388 | 035634 | 0.01623 | 0.00781 | 0.00462 | 0.00361
15 0.2466 | 0.20752 | 0.22628 | 0.2336 | 023589 | 0.01957 | 0.00075 | 0.00587 | 0.00461
0.5 5 | 2 (081873 | 0.79048 | 0.80429 | 0.80952 | 0.81132 | 0.00228 | 0.00092 | 0.00050 | 0.00037
L5 0.54881 | 0.49400 | 052044 | 053055 | 0.53411 | 0.01219 | 0.00517 | 0.00289 | 0.00219
15 0.36788 | 0.30808 | 0.33691 | 0.34775 | 0.35166 | 0.02024 | 0.00898 | 0.00515 | 0.00394
15 0.2466 | 019331 | 0.2182 [0.22796 | 023157 | 0.02384 | 0.01104 | 0.00647 | 0.00499
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Comparison Bayes Estimators of Reliability in

the Exponential Distribution

Table4-7: Reliability Estimation using Bayes with respect to

N

MWSE(R (t)) when prior distribution is improper .

parameters R(t) (R{t) MWSE(R(E))
Sample Size(n) Sample Size(n)
0 [ 60 [ e [ 120 | w [ 6 | ® [ 12
Bl t]lalh (P.(8'%) ) when prior distributionisimproper
0.5 | 0.5 7 | 1 |0.36788 | 035063 | 0.35830 | 0.36043 | 0.36226 | 0.00870 | 000520 | 0.00349 | 0.00290
15 0.04978 | 004238 | 0.04584 | 0.04665 | 0.04751 | 0.00914 | 0.00575 | 0.00395 | 0.00336
25 0.00673 | 0.00502 | 0.00583 | 0.00601 | 0.00623 | 0.00308 | 000203 | 0.00141 | 0.00123
15 0.00091 | 000058 | 0.00073 | 0.00077 | 0.00081 | 0.00077 | 000052 | 0.00036 | 0.00032
0.5 9 | 3 [0.36788 | 033155 | 0.34765 | 0.35296 | 035654 | 0.01140 | 0.00605 | 0.00394 | 0.00316
15 0.04978 | 003595 | 0.04189 | 0.04383 | 0.04531 | 0.01026 | 000606 | 0.00416 | 0.00346
25 0.00673 | 0.00383 | 0.00502 | 0.00542 | 0.00576 | 0.00297 | 000194 | 0.00138 | 0.00120
15 0.00091 | 0.00040 | 0.00060 | 0.00066 | 0.00073 | 0.00063 | 0.00045 | 0.00033 | 0.00030
1 |05 ] 7 | 3 [0.60653 | 056422 | 058406 | 0.59075 | 0.59441 | 0.00738 | 0.00325 | 0.00210 | 0.00151
15 022313 [ 01794 [ 019923 | 0.20621 | 0.21005 | 0.01942 | 0.00938 | 0.00625 | 0.00464
25 0.08208 | 0.05698 | 0.06796 | 0.072 | 0.07424 | 0.01609 | 000843 | 0.00579 | 0.00442
15 0.03019 | 001808 | 0.02318 | 0.02514 | 0.02625 | 0.00959 | 000541 | 0.00382 | 0.00299
0.5 9 | 3 [0.60653 | 054716 | 0.5748 | 0.58439 | 058957 | 0.01043 | 0.00415 | 0.00253 | 0.00176
15 0.12313 | 0.16385 | 0.18998 | 0.19966 |0.20498 | 0.02576 | 0.01149 | 0.00731 | 0.00528
25 0.08208 | 0.04900 | 0.06282 | 0.06825 | 0.07129 | 0.02017 | 000995 | 0.00659 | 0.00491
15 0.03019 | 0.01472 | 0.02078 | 0.02334 | 0.02480 | 0.01141 | 0.00615 | 0.00422 | 0.00324
15 |05 7 | 3 |0.J1653 | 06728 |0.69307 |0.70131 | 0.70492 | 0.00573 | 000212 | 0.00126 | 0.00088
15 0.36788 | 0.30507 | 0.33307 | 0.345 | 035032 | 0.02141 | 0.00911 | 0.00536 | 0.00383
25 0.18888 | 0.13864 | 0.16016 | 0.16976 | 017412 | 0.02510 | 001162 | 0.00705 | 0.00516
15 0.09697 | 006313 | 0.07707 | 0.08355 | 0.08656 | 0.02108 | 001054 | 0.00657 | 0.00491
0.5 9 | 3 [0.71653 | 0.65863 | 0.68555 | 0.69621 | 0.70105 | 0.00793 | 0.00284 | 0.00154 | 0.00104
15 0.36788 | 0.28646 | 0.32241 | 033756 | 03446 | 002843 | 0.01139 | 0.00642 | 0.00446
25 0.18888 | 0.12501 | 0.15177 | 0.16373 | 016943 | 0.03212 | 001419 | 0.00830 | 0.00591
15 0.09697 | 0.05472 | 0.07150 | 0.07944 | 0.08332 | 0.02609 | 0.01257 | 0.00760 | 0.00555
25 [ 05| 7 | 3 |081873|0.7826 |0.80014 | 0.80671 | 0.80919 | 0.00294 | 0.00110 | 0.00058 | 0.00042
15 0.54881 | 0.00294 | 0.51245 | 0.52505 | 051992 | 0.01544 | 0.00612 | 0.00332 | 0.00145
25 0.36788 | 0.20404 | 0.32836 | 0.34177 | 034709 | 0.02516 | 001050 | 0.00585 | 0.00437
15 0.1466 | 0.18042 | 021081 | 02225 |0.22737 | 0.02011 | 001276 | 0.00728 | 0.00550
0.5 9 | 3 [0.51873 | 0.77234 | 0.79484 | 0.80315 | 0.8065 | 0.00408 | 0.00141 | 0.00071 | 0.00050
15 0.54881 | 0.46108 | 0.50238 | 051814 | 0.52466 | 0.02088 | 000770 | 0.00404 | 0.00289
25 0.36788 | 027556 | 0.31773 | 033433 | 0.34138 | 0.03321 | 0.01304 | 0.00704 | 0.00510
15 0.1466 | 0.16488 | 0.20107 | 021577 | 0.22216 | 0.03756 | 001562 | 0.00868 | 0.00636
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Comparison Bayes Estimators of Reliability in
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Table4-8: Reliability Estimation using Bayes with respect to

N

MWSE( R (t)) when prior distribution is non —informative.

parameters R(t) (R(t)) MWSER(1))
Sample Sizefn) Sample Size(n)
0 [ 60 [ s [ 1o ] 3 [ e | w | 1
B |t | ¢ | - (P.(8'x) ) when prior distributionis non- informative
05 [ 05 ] 1 0.36788 | 0.35822 | 0.36321 | 0.36387 | 0.36495 | 0.01170 | 0.00607 | 0.00385 | 0.00313
1.5 0.04978 | 0.04574 | 0.04789 | 0.04807 | 0.04863 | 0.01204 | 0.00701 | 0.00449 | 0.00373
15 0.00673 | 0.00580 | 0.00630 | 0.00633 | 0.00648 | 0.00487 | 0.00263 | 0.00167 | 0.00141
15 0.00091 | 0.00073 | 0.00083 | 0.00083 | 0.00086 | 0.00143 | 0.00073 | 0.00045 | 0.00039
051 3 0.36788 | 0.31402 | 0.35126 | 0.35583 | 0.3580 | 0.01428 | 0.00675 | 0.00419 | 0.00332
1.5 0.04978 | 0.03762 | 0.04339 | 0.04498 | 0.04627 | 0.01262 | 0.00689 | 0.00452 | 0.00371
15 0.00673 | 0.00423 | 0.00536 | 0.00567 | 0.00597 | 0.00382 | 0.00229 | 0.00155 | 0.00132
15 0.00091 | 0.00047 | 0.00066 | 0.00071 | 0.00077 | 0.00090 | 0.00056 | 0.00038 | 0.00034
1 [05] 1 0.60653 | 0.59865 | 0.60268 | 0.60349 | 0.6041 | 0.00502 | 0.00256 | 0.00175 | 0.00130
1.5 022313 | 0.21425 [ 0.21888 | 0.21983 | 0.22048 | 0.01545 | 0.00814 | 0.00560 | 0.00424
15 0.08208 | 0.07655 | 0.07948 | 0.08000 | 0.08048 | 0.01504 | 0.00810 | 0.00558 | 0.00428
15 0.03019 | 0.02731 | 0.02885 | 0.02918 | 0.02938 | 0.01058 | 0.00576 | 0.00396 | 0.00308
051 3 0.60653 | 0.5787 | 059264 | 0.59678 | 0.50006 | 0.00648 | 0.00293 | 0.00193 | 0.00140
1.5 022313 | 019385 | 0.20821 | 0.21262 | 0.21503 | 0.01780 | 0.00876 | 0.00502 | 0.00441
15 0.08208 | 0.06497 | 0.07317 | 0.07578 | 0.07721 | 0.01550 | 0.00820 | 0.00566 | 0.00433
15 0.03019 | 0,02179 | 0.02572 | 0.02702 | 0.02773 | 0.00978 | 0.00549 | 0.00385 | 0.00301
Li (05 ] 1 0.71653 | 0.70868 | 0.71198 | 0.71413 | 0.71461 | 0.00305 | 0.00144 | 0.00092 | 0.00068
1.5 0.36788 | 0.35616 | 0.36008 | 0.36423 | 0.36495 | 0.01306 | 0.00641 | 0.00417 | 0.00313
15 0.18888 | 0.17916 | 0.18307 | 0.18578 | 0.18639 | 0.01752 | 0.00889 | 0.00583 | 0.00442
15 009697 | 0.09019 | 0.09287 | 0.00477 | 0.09520 | 0.01682 | 0.00877 | 0.00577 | 0.00441
051 3 0.71653 | 0.6927 [ 0.70399 | 0.70882 | 0.71063 | 0.00400 | 0.00169 | 0.00102 | 0.00074
1.5 0.36788 | 0.33202 | 0.34004 | 0.35610 | 03589 | 0.01584 | 0.00723 | 0.00450 | 0.00332
15 0.18588 | 0.16034 | 0.17315 | 0.17903 | 0.18128 | 0.01967 | 0.00961 | 0.00611 | 0.00459
15 0.09697 | 0.07736 | 0.08594 | 0.09 0.09158 | 0.01751 | 0.00910 | 0.00588 | 0.00449
15105 1 0.51873 | 0.81273 | 0.81559 | 0.81708 | 0.81702 | 0.00118 | 0.00063 | 0.00038 | 0.00030
1.5 0.54881 | 0.53677 | 054261 | 0.54552 | 0.54542 | 0.00683 | 0.00370 | 0.00227 | 0.00180
15 0.36788 | 0.35445 [ 0.36109 | 0.36423 | 0.36414 | 0.01226 | 0.00673 | 0.00417 | 0.00331
15 0.2466 | 0.23403 | 0.24035 | 0.24319 | 0.24314 | 0.0156 | 0.00867 | 0.00541 | 0.00430
051 3 0.81873 | 0.80162 | 0.81007 | 0.81343 | 0.81427 | 0.00161 | 0.00074 | 0.00042 | 0.00033
1.5 0.54881 | 0.51510 | 0.53173 | 0.53825 | 0.53005 | 0.00892 | 0.00425 | 0.00249 | 0.00194
15 0.36788 | 0.33118 | 0.34915 | 0.35619 | 0.35809 | 0.01529 | 0.00754 | 0.00450 | 0.00353
15 0.2466 | 0.21205 | 022034 | 0.23573 [ 0.23751 | 0.01859 | 0.00947 | 0.00574 | 0.00453
16 O\.ﬁ)h?\j&\e:\-&m?&hﬂ&\gm

2018 {riad (24 zxt! (104, 3al



Comparison Bayes Estimators of Reliability in

the Exponential Distribution

5. Discussion

In general, as we see in the tables (4-1to 4-8) by using different estimation
methods, we find the Mean Square Errors (MSE) and Mean weighted squared
Errors (MWSE) were decreased when sample size increased in all cases. That

means the estimation of (R(t)) get better for the large sample sizes. We obtained
a good estimation according to the smallest values of MSE for all samples sizes
(n) comparative to the other estimated values for MSE.

As we see in_table (4-1), when the true value of 6(6=0.5) and the prior
distribution for 6 is

e Inverse Chi-square distribution with v=4 for t=0.5 and with v=6 for t=1.5,2.5
,3.5.

e Inverted Gamma distribution with (a=5, 3 =2) for all t=0.5,1.5, 2.5 ,3.5.

e Improper distribution with (a=7, b=3) for t=0.5 and with (a=9, b=3) for
t=1.5,2.5,3.5.

e Non-informative distribution with c=1 for t=0.5 and with c=3 for t=1.5,2.5 ,3.5.
And in table (4-2), when the true value of 6 (6 =1) and the prior distribution for
0 is

e Inverse Chi-square distribution with v=4 for all t.

e Inverted Gamma distribution with (a=3,=1) for t=0.5,1.5 and with
(a=5p=2) fort=2.5,35.

e Improper distribution with (a=7, b=3) for all t.

¢ Non-informative distribution with c=1 for t=0.5 and with c¢=3 for t=1.5,2.5 ,3.5.
in table (4-3), when the true value of 6 (6=1.5) and the prior distribution for 6
is

e Inverse Chi-square distribution with v=4 for t=0.5 and with v=6 for t=1.5,2.5
,3.5.

e Inverted Gamma distribution with (a=3,f=1) for t=0.5,1.5,2.5 and with
(a=5p=2) fort=35.

e Improper distribution with (a=7, b=3) for all t.

¢ Non-informative distribution with c=1 for t=0.5,1.5 and with c=3 for t=2.5 ,3.5.
in table (4-4), when the true value of 6 (6=2.5) and the prior distribution for 6
is

e Inverse Chi-square distribution with v=4 for all t.

e Inverted Gamma distribution with (a=3, p=1) for all t.

e Improper distribution with (a=7, b=3) for all t.

e Non-informative distribution with c=1 for for all t.

17 3l 331 3 LaBN p gl done
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See the summarized and tabulated the above discussion in table ( 5-1) in
Appendix-E..Also, we obtained a good estimation according to the smallest
values of MWSE for all samples sizes (n) comparative to the other estimated
values for MWSE.

In table (4-5), when the true value of 6 (6 =0.5) and the prior distribution for 6
is

e Inverse Chi-square distribution with v=4 for t=0.5,1.5 and with v=6 for t=2.5
,3.5.

e Inverted Gamma distribution with (a=5, 3 =2) for all t=0.5,1.5,2.5,3.5.

e Improper distribution with (a=7, b=3) for t=0.5,1.5 and with (a=9, b=3) for
t=2.5,3.5.

¢ Non-informative distribution with c=1 for t=0.5 and with ¢=3 for t=1.5,2.5 ,3.5.
In table (4-6), when the true value of 6 (6 =1) and the prior distribution for 6 is
e Inverse Chi-square distribution with v=4 for all t.

e Inverted Gamma distribution with (a=3, =1) for all t.

e Improper distribution with (a=7, b=3) for all t.

e Non-informative distribution with c=1 for t=0.5,1.5 and with ¢=3 for t=2.5 ,3.5.
In table (4-7) and table (4-8), when the true value of 6(6=1.5), 6 =2.5and the
prior distribution for 9 is

e Inverse Chi-square distribution with v=4 for all t.

e Inverted Gamma distribution with (a=3,=1) for all t.

e Improper distribution with (a=7, b=3) for all t.

e Non-informative distribution with c=1 for all t.

See the summarized and tabulated the above discussion in table (5-2) in
Appendix-E.

6. Conclusion

When we compared the estimated values for Reliability( R(t)) of the
Exponential distribution by using Bayes with respect to Mean Square Errors
(MSE) and Mean weighted squared Errors (MWSE) in this study .We find that
MSE and MWSE were decreased when sample size increased in all cases. The
best method is the bayes estimation according to the smallest values of MSE for
all sample sizes (n), when the prior distribution for 0 is
e Improper distribution with (a=7, b=3) for t=0.5 and with (a=9, b=3) for t=1.5,
2.5, 3.5, when the true value of 6(6=0.5).

e Non-informative distribution with c=1 for t=0.5, inverted Gamma distribution
with (a=3,B=1) for t= 1.5 and improper distribution with (a=7, b=3) for t=2.5,
3.5, when the true value of 6 (6=1).

¢ Non-informative distribution with c=1 for t=0.5,1.5 and inverse Chi-square
distribution with v=4 for t=2.5,and inverted Gamma distribution with
(a=5,p=2) for t= 1.5 ,when the true value of 6 (6=1.5).

18 ret o) 339 s alamW ) p gleatl s
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e Non-informative distribution with c=1 for all t, when the true value of
0(6=25).

See the the summary of conclusion for msg R (t))in table (6-1) in Appendix-E.

The best method is the bayes estimation according to the smallest values of
MWSE for all samples sizes (n) when the prior distribution is

e Improper distribution with (a=7, b=3) for t=0.5, 1.5 and with (a=9, b=3) for t=
2.5, 3.5 when the true value of 6 (6 =0.5).

e Inverted Gamma distribution with (a=3,=1) for t= 0.5, 1.5 and inverse
Chi-square distribution with v=4 for t=2.5,3.5,when the true value of 6 (6 =1).

e Non-informative distribution with c=1 for all t , when the true value of
0(06=15&6=25).

n

See the the summary of conclusion for MWSE(R (t))in table (6-2) in Appendix-E.
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Appendix-A: The posterior distribution using different Priors.
1. The posterior distribution nsing Inverse Chi-sguare distribution as prio::

Itizaszumed that & follows the Inverse Chi-zguars distribution with pdf 2= given balow:

v
-—-1
Bé)o _1 gl aﬁ]:{—_l_l:- Br v 8>0 ALY
2= *
Then the posterier distribution of given the data t={(t, b......t, Jiz
Be - ok 8 PO (A2
T L{t"8) (e
]
Substituting the sguation {4) and the sguation {A.1 ) in sguation {A.2 ), wa gt
n v
-x Lt o -=-1 1
&7 anpl- I—=8- Eﬂr{-,—B}]
L] E =
B8 \f)= 2 . (A3)
n v
= Zia b 1 -1
8" expl- i =81 ep- )8
0 a 2%
: 1
W, . - 1 ]
fmeoi+ll CEEiL TS
B8 \M)- 2 - LAY
LT n '-
@ -lm+2yl] -3EL L S
i 2 2 8 bl db
1]
By multipl¥ing the intesral in eguation {A.4) by the guantity which egusl: to
1, {5 ;
gy S Teed
{ 1_‘ b ‘1 ——) ,where T'(}iza gemma fimction . Then we gat,
Tin +-) n R S
i 2 i1y L
L
1 gy “lim-2)+1] 1 1
o + =% - - -— f. + =M
I:El.-]. tl. J.- E E,;':I:':.l -E{El--]tl J.-.-
BB\ fi=- - LAY

Tin+2) AlGE)

X - 1 il 1-\.-\.
m ‘I b A HINR R
Al - | - df=1. Be the intesrsl of

o Tim +2)

the pdf of the Invertsd (Gamma distribution. Then we gt the posterior diztribution of & given tha

data t=(t t;, .. tg ) iz
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1, 4=
=1 .+ & L W ao
- J (2] .
B(eig- =1 1 2 R o (A5)
Tin+2) =
It maams theat B {8 "t} Invertad Gamma diztribution with e

; . 1
DECEMESE | ey = (1 + 1: Y Bow = {E2, t + 200

2. The posterior distribution nsineg Inverted Gamms distribution as prior
Itiz assumed that & follows the Invertad Gemma distribution with pdf 2= given balow:

™ 1) B
B8)m —H'{ﬂ_ A empl -2 e of, =0 AT
iy 1]
Then the posterior distibution of given the data t={t, t.,....ts } according to the sguatiom

(A2, wa gat it by substituting the sguation {4) and the oguation (A7) in sguation (A 1), =0 wa hava

i b o
% o ——— 2= & TV gDy
B.(8 ') - 8 e (ALEY
LI
= Lim1 T e 1y
&7 gt I @D By pes
0 P e 1]
grlim+a+1] o %E:_L:_ Lt +BY
B.(8 )= . {AD)
T gl lon )
& anpl- —(E] t. + fdd
:I a =1 7§
Ex multiplying the intagral ineguation (A% by the quantity which sguals to
-1 N -LI-::.—J i}
(ET_, 1y +B) Tin+
{ _ A il 3 ,where I'(}iza gsmma finction . Then wa gat,
I'in +@) n t o+ E'\I-:s.—a:-
{ml 47 H
Wi o-[in + @+ 1) 1 N
By~ glnsmel spl- o ET_ 1 B
By = e (ADY
= Tin+a B
Where B{t5) aguals to
Bt pyin e .
B8 \t)- e B el S (EL €, + B ALY
n L AOHO)
oo {Ei.—]{i__ﬁ"' A N B 1
Bit;8) = | G . (T f, +[) @8 =1. Ba the interral of the pdf of
o Tin+a) B
the Inverted Gamma distribution. Then we got the posterior distribution of & given the data
t=0h by tn ) s
21 Aaylaily G\:’me‘?’m‘;\.\..ﬁﬁ
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It mams that B 8"t} Imveartad Gamma distribution with W

pamEmaEters | Gy = (04 @), P = (25 6 +F1 D

3. The posterior distribution using improper distribnfion as prioe:
Itiz azzemed that & follows the improper distribution with pdf a= given balow:

Heye & @D ar.]:{-;‘?} S b, 830 md -mescm L (A12)

Then the pocterior distribution of given the data t=(tt.,....t, } according to the agustion
{A ), wa gt it by zubstituting the sguation (4) and the aguation (A 12) in ageation (A X), =0 we
harea

E{ 1 Jci o
&% mpt——— 607wt )
B8 - g e (A13)
=0
o “iml T a1
et e[ @Y e Dy s
0 8 8
glee9el o don oy
DB )= (A4
T oglerael o Lon e
g =i=1 74 o

0
Ev multiplying tha intazral in sguation (A 14) by the guantity which aguals to

i ()
)+
l=1"1 . Tin+& .
A )

,where [ }iza gamma finction .Then wa gat,
T'in+ &) n ()
' Eiapt+o

lml
B t)= L {ALS)
: Nin+a2) C8)

0 Lwyied p-lin +a)+1] 3 Ty
n ot e e sl EE | ¢, +b)

Whers C{x5) agual= to
- + 8 +1) 1
- CE t _b:l{r.—a, alim+a) +1) ﬂF{_E{E{._] t;+b))
CiE8) = | _ dfi=1. Bz the int=sral of
o Tin + 1)

tha pdf of the Inverted Gamma diztribution. Then we gt the posterior dizstribution of & given the
data t={t t.,....tq } iz

n 1 s AT
Ei 4+

B8 0= B mnp Z(22, 1, +B) (A16)

Tin+a)
It means that B9 \t)~Invertad Gamma distribution with oW

pamamaters { s = (0+ 8), Pre= { T 1, +1)).
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4. The posterior distribufion wying Mon-informative distribution a3 prior:
Itizaszvmad that & follows the non-informative distribution with pdf a: ziven below:
Bé) o 1 Br Bc>0 B
Eﬁ
Then the posterier distribution of given the data t=(t,.t......t. ) according to the aguation

{A2), we gat it by substituting the sguarion {4) and the sguation (A.17T) in aguation (A Q) 20 w2

bz
Thoo¢t
-1 = C
& expl- I
BB\ - g . (A1)
o E;lr--] t[
&1 anpi- [ 8 °]48
I L]
.E.{:I'—_l aﬁ]:{'lE{' ]tLI
B8 1) - — i . {A10)
I ﬁ"“ﬂﬁ-lzﬁ t. w8
0 B =]l "§

We can write 8°8%%) g g[8+ 1D+1) ang b multiplying the intasral in aguation {4 19), by the
guantity which sguals to
{Tj_'_ t -.I{:.— 1y

iml i Tin+c-1) ) .
bR 3, whare ['(.)iza gamma fimction. Then we gat
Tin+c-1) T g y (e}
“iml i
Bl )= e (ALY
(80 Tin+c-1) D{CE) (4.20)
Whera DNx§) agual: to
- "| - == "|— | 1
B L L R S RS
Nt 8) = | NPT df =1. Bz the intesral of the
0 n+c-13

pdf of the Invertad Gamma diztribution. Then we gat the posterier distribution of § given the data
[ S Ay 1
n o yimHcl)

iml §° N 1
B8if)e —  pimelell gy Swm gy (A2
0 —m HogTn {
It means that B{9" t)-Invertad Gamma distribution with new

parEmeEters| M) = {0+ C-1); frew= (T2, 1.3).
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Appendix-B: The following is the derivation of these estimators under the

squared error loss function.
1. Thesguared error loss funcion
To obtain the Bayres” astimator, we mindmize the postarios axpacted loss given by

e A EY A

LR, B ={ R- B)*, whete R= R{t)& R = Rt} , the risk fimction is:

Fisk=- E[L,(E,R)] AE.1}
Fizk= E[{ E-F)7]
Risk= [(R-F)® B{80)d8

)
Risk= [(R-B)° B{8'0)d8 =Risk= [(R -IRR+R’) P(8"1)a0

8 8
Fisk= R*_[P{a't:-aa-JRjRP{a' t:--E,E—jR;P{EI' fdf=

a a [:]

Risk=FR *-2RE{E "t E(E* " t) -~ (B2

5 -
Let —FRisk=0 , we g=t Baye: estimator of B denoted by B | for the ahove prios a=

s8R
follows
Rs{t}_E{R't:--jR{t:-P{B't}c,E =
]
R ()= jR{t}E{E' fde dim1234 . (B.4)
a

1.1 Eaves esfimsation wyine Inverse chi-sguared distribution 8% prioe:

To obtzsin the Bayes' estimsator under inverse chi-sguearsd distribution as pries. Substitutine, the
aguation {4 &) in sguation (B.4), wa gat:

R, (0= jR{t}F:{E't}d,E Br i=l .. (B.4)
a
1, (=
: P T 1 I R T o B 1
R,;.{tj--Jax]:{—_} = & < Tampl-Z(EE L+ 4B {B.5)
' s & Tin+ ¥y & 2
i+ 3)
- = E7 *1‘1?3"”51: a2 R 1 1
Fg,(th= | = 8 2 Templ- —(ZN, f, +t+ ) d8 {B.5)
s 1_.{1___%} L+ 2
By multiplving the intseral 4in  eguation (B.¥) by the guantity which =guals
1 (=433
EEp ey 2
o, - 1‘ —— , 20 w2 have
._\_g—-.r'.
(Zf_ t+t=2) °

a1 3319 s S o gl s
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- 1. —
Ex]:{-a{z:_: i —t—j_,l_,lv:‘.‘;B (BT

Then we hava

1 )
n LR b
Efi1473

R, (0 - {24 2 80 . (B.E)

&, e P, Sy .
8 T Ndf =1, Beatha intazral

B, (8] - j
a

Ea| =

=P (T st

of the pdf of the Inverted Gamma diztribution. Then we got the Baye: estimator of B a= the
followwing foemula:

a {E:—' 1 T _%:'lmﬂ_z:
Ry, () = e —  n&vs0 (B2
N
“iml 7§ 27
1.2 Bavs estimation using Inverted samms distribufion as prior
To obtain the BEayes' estimator umdsr the inverted gamma distribution as prior. Substituting the
aguation {(A.11) in sguation {B.4), we gat:
Rs;{t}-jR{t}P;{E't}c,ﬁ for i=12 =]
o
n gy T
R i ¢, Fio1fi 7P L = o BE.10
L) - - =) A -—(Eo, t, + [ 100
Rl = [opt b ——y =pl- 2 (E2 €+ B (B.10)
. . @P R .
= g -—{E5, b+ t+fide B
Reel0- | T spl- ST ) (EB.11)

Ev multiplving the intasral in  sgueatiom (B.11) by the gueantity which agueals

n by
toh, - {E:' i f-';-.—n:'- , 20 wa have
{Ei_'_]_t-l_‘t_ﬁ'.-"' !
@P R
- b Ll L ° - - 1 .
Fm:(f) = Iy | T B ampl- S(EL 1+ t+ B8 (B
S L+ o
Then wa hava
-, )
. TP, P
Fogelti= ——— (B, {LED - (B.12)

El_ytreemT

Whers  ho{t5) eguals to
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the Exponential Distribution

-
n oy T
(Zf_, 1, +1+B

=

H oty 1] 1 __.. .
e &) - | T - gt ax]:{—EE;'_: t, +t+ e =1. Batha integral of the
T+ )
o !
pdf of the Invertad Gamma distribution. Then we gat the Bayes estimator of B as the followine
formula:
n e ]
. Eio LB Lot+B L
F_.(0) - — =t cn.B,u0 .. (B.13)
- n - LA
Ei__]ti__t_t'.-' :_t_t'

1.3 Eaves estimation wiing improper distribution as price:

To obtzsin the Bayes' estimatod undsr impoopsr distribution a= prics. Substituting the aguation
{A_14) in aguation (B.4), wa g=t:

R, i0- [RIOB(8' 08  ©r i-3 (B4
a

. - .

it = - =3 2] L -
B (1] E!ﬂj:{ ) Tmea ) exp- g & 1+ ) od - {E.12)

n L pyiHED

- = (EfL; e . 1

) - [ - -—{E. ., t, +t+bdae ... {B.13)
Pz t) 3| Tomea expl- g E L ) {B.13)

By multiplyving the intesrsl in aguation (B.13) by the guantity which oguals
n e TR
to E, -{Ei'1 t‘ !

o = - =0 w2 hava
{Ei.—]. ti-_'t_t'.-'

—n
= E_;

- . : Simeai11 | Y. .
R.E;{t,-—]-:-;_l s 857 ampl- (I 1 +1+D)) 08 (B4

P
£ 4 pytneEl
i )

Then wa hava
n
Eia

R D) —— (E. () - (B.15)
T A WIEEE)
ittt

Whars Ex(t8) aguals to

-

= pp

o (EP, ot e .

Ext; 8) - _| T — [ ax]:{—E{E:’;: t, +t+b))df=1. Bathe intagral of

o+ )

b )

tha pif of the Inverted Gamma distribution. Then wa got the Bayes estimatods of B a:z the following

formula:

n . ()

- (Ej_, 4 +o T t+b

R (- I — nbas0 .. (B.18§)
Lok SR e
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Comparison Bayes Estimators of Reliability in

the Exponential Distribution

1.4 Eaves evfimation nying non-informative distribution 8y prior
To obtzin the Baye:' astimater undsr non infostmative distribution a= prier. Substituting ths

aguation (A 21) in aguation (B.4), we g2t
Rsi{t}-jR{t}Pt{E't}aE fr i-4 B4
a
n yin+el)
- = t i.—]ti_"
) - -=1 g% -—"?' . 00 0B L {B.1T)
Rl - o2l ) —mo " enpl - (T (B.IT)
rr—:—];-
- = IE1-]
B (= Thre D glirmest aq:-:-—‘? t, +1)) 46 L (B.18)
a = - L
Ex 1:11'.1':1']:-11-~i:=r ﬂ:= intagral in  eguation (B.18) by the guantity which aguoals
toF = ;' —7 . 50 %ehave
':E-l-.lf-l-t“ |
n IJ' -1'
- = im] t -
Fg:ifi=F — gt ax]:{-—‘?' 1, +1)) ob L B.1E
',!. Tin+c-1)
Then we have
n+c-1)
. @iy 1)
R, (6 = — (it (B.20)
AT syl
i=1
Whata F2(t:5) agual: to
. o@h e g
F:{t;ﬁj--j TPTT g E?;,]:{-—T t, +t)) df=1. Batha intezrl of the pdf
a Y
of the Inveried Gemma distribution. Then we get the Baye: estimater of F as the following
formula:
{n+c-1)
R Foit (Tt g D (B2l
) - - | i n.C> .(B.21)
= Jnrc-ly CER o+t '
IEI.-]t +1) :

a1 3319 s S o gl s
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Comparison Bayes Estimators of Reliability in

the Exponential Distribution

Appendix-C: The following is the derivation of these estimators under the
weighted squared error loss function.

2. Theweichted sguared error loss funchon
To obtzin the Bayes' sstimator, we mindmize the poeterios axpactad loss given by:
R- By° S

E..{— , Where B = Rf)& B = But), the rizk fimction is:

LA R.R)=-
Risk= E[L.(F R e

Risk= E[K ﬂ:

E
. E- By
Ritk= | giE- RS BB\ dE
& E
i F- B L1 - o
Ritk= | S BEdd —=Ritk=K|—F -IRRE+E") H& 045
R R
) 8
) | , “31 . 31 .
Rizk= H_me e -2R [ —RHE O+ [ —R HE \(db=
KR -!,RP{ ¥ :,IR B8 1) :,IR B8 1)
Riﬂ{-R;j%P{E't}e,B—JR.{l}—E{R' £y L {CD
a

a -
Let — FRizsk=0 , weget Bayes estimator of B denoted by R_, | for the showve prior as

=yen
8E
follows
S e 1 1 -
Romll=—5— =< - .. (C.3)
E =) [—me.x)de
E -l Bit)
Ry () = c; d=1,234 LAY
_|'—~ B(8\0d8
[ ] R{t__l

2.1 Eaves esfimafion wying Inverse chi-sguared disiribution 83 price
To obtain the BEaves' sstimator undsr inverse chi-sgusred diztribution a= prier.. Substituting the
asguation (A &) in the int=grsl in sguation {C.4 ), wa 2=t

Hl't;--j%P.{a't;-aa £ =l o (C.4)
R T
= o 1t —l:'{ﬁ_g: Jia+Ey) 1 1
B{— )= [emp(o) — =~ 3 8 T empl (L b, + ) 88 . (C5)
5 Tin +2) 9 2
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Comparison Bayes Estimators of Reliability in

the Exponential Distribution

n 1, (=50
= (EI ,t.+=0 ¢ (T
1.,. 3 i=ml i 32 =] 1, . 1., .
E{— ") -1 - 1] = empl- —{EL, f, —t+_dd e [ICUE)
E a Tin+ 2y 8 2
Ev multiplying the intsgral in egueatiom {C.6) by the guantity which oguasls
1 (=30
I -t
oK, = 1‘ — =0 wa hava
™ N T
Ejoyy-tegd
1 . ==
n e - o
= Ei g0 fiz= 2 1. . 1. .
E{ — =y | ] = empl- —(E2, t, —t+db L |
H Tin+ ;:. ] 2
Then we hava
1 Zfa1 Yy ‘%3'#3
E{— 0= — L ) - (C.B)
n W T
Ejap {30
Whera  x, (t5) equals to
1 =%
n e o nm
o= KB ymtrg) Je T 1,._. 1., .
o (16 - _| - [:] = expl-— ({Z5, f —t+ :,-,--L',B = 1. E=thsa intagral
a Tin +y & 2
=)
of the pdf of the Inverted Gamma distribution. 50 wa gt
1. ., L= .
E{E = _] 2 s TUEY

formula:

 n&vn0 e (10

2.2 BEavs estimation nsing Inverted samms distribution 8y prior:
To obtzin the Bays:s' aestimatesr undar the inverted samma distribution as prior. Substituting tha
agueation {(A4.11) in the integrs] in eguation (C.4 ), wa g=t:

E{%'t:-_jR{LP;{a't:-ca fr Q=2 {4y
[:]

n t. +F) -+

1 H t i=1"1 —— 1, .
— N - =7 ~0ie 1] _ T = B M
Elgn _!'ERP{B, To-o & wmpl- g (B o+ e ---(C.11)
n oy
1, F Emr R L e o1
Bg'o-] T =p- S @5t -t Ee e (€1
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Comparison Bayes Estimators of Reliability in

the Exponential Distribution

Ey multiplying the integral in  egostiom {C.12) by  the guesotity which ogueals

(EP_, t - t+p)=®
toh, - == 1 - b0 w2 have

n s B
(ZF_ ) t;—t+F)

) . (EP o BT .

R W | D =11 IR e e B =
E{R 1) ]'__3| Tosd & - B{E:" t, — T+ [fdd . .13

Then wa hava

o 00

. EP, 4B

— %) . (0B LT 14
E(= 0 ——— (h, (5:8)) (C.14)

n ., (1)
Ei iR
Whara hi(tF) aguals to

n g py D
= Ejar 4t i

na( €)=, |

a

pdfof the Inverted Gamma diztribution. 5o we gat

. - 1 _. :
g e _(ET L, —t+ 8 = 1. Bethe integral of tha
Tin+o P -E'E"' B

n ., [+
1 e Lot B .
E{— )= N == o fLes0 e {C.15)
S =H A P SN b A B

Substituting the aguation {C.15) in eguation {C.4), wea gat the Bayas astimater of B as the
following formula:

- Eo t, +F
Rypm{tl=[————— =7 a0 - (T8

En t. —t+f

2. 3Esves esfimation wisineg improper distribuntion as prior
To obtain the Bayvas' astimatos undsr  impropsr distribution a: pries. Substitutine the sgeation
{A_146) in the integral in eguation {C.4 ), we gat:

E{%'t}-jﬁﬁ{ﬁ't}aﬁ Br i-3 o C.4)
w Fult)
(R t. —‘I:.‘.{ﬂ_'a:'
E{l ) c'-_-m:{t‘ Tt [ ™ T l{z-‘- T, + b)) OB {C.17)
= ,-_l . Ta~ FPAEaS 3 e (C1T)

=
—1 R E
e N ti_ 4

I'in +a)

N 1
gl ﬂr{_g{?:': T, — t+b))ah - (C1E)

E(= =]

Ev multiplying the inteseal in egostiom (C.18) by the goantity which agueals
= . \.I{ﬂ—z:-
o E, -{ML':l ti e

rmrE— :EQF'E]'_E'-'E
- I — ey
{ -1 ti. t+b]
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Comparison Bayes Estimators of Reliability in

the Exponential Distribution

1 B i 1

— i =E: [ g - {EM, t, — t+ B a8 1D
Blg o-E] Tin+ = el g (Ee ‘ !
Than wa hava

1 i.f_— 1 t'l - b:'-‘ﬂ e
E{— " th= ———— (E L {81 R e )

E (EE_ e, —tepTR h

i1 1 -

Wharse Ex(tH) sgusls to

. EP e .
e 8= [ griemai=t _(Er, f, —f+bdf = 1. Eathe ints of the
Ex(r; &) _! T - B{ 1 ¥)] eral
pdf of the Inverted Gamma distribution. Sowa gt
PR
] o AL
1 Eiog 4 == S
E{ _"th= — _ 17 nb.a>0 e T2
= {Tr_ t. _t_b.hl-.\_r.—e_,l t, -t+ b
“i=1 i <

Substituting the ageation (C.21) in ageation {C.47), wa gat the Bavaes astimates of B oas the
followine formula:

B () = [ nb,2=0 2Ty

2.4 Eaves sstimsaton miing mon-informatve distribution as pricr:
To obtzin the Baves' sstimator umndsr non infostmative distribotion as pricr. Substitoting the
agration {4 21) in the intsgral in esguation (C.4 ), we gt

1. 71 . ]
E{—"th=- — B {8 ) o8 for i=4 R e 3 ]
R -l Bt
1 I ]
1 . . = Tt {Ei.—] tL - meee11 15_.___ N a2
E{E t)-__lzxp{g,- WB —'_"E.]:{—E._,:_: T,y OB P e i

1., =
E{Et}_{

Ev multiplvinge the intesrs]l in egoatiom {C.24) by the goantity which  oguesls

EP_, - gD
o F - =n P , =0 wa hava
“i=1 i
{n-+c-1)
1 = Efoct ’
B =F {25y
22 3' Tin
Then w2 hava
P T
o T et
- (Efay ty?
B (f) = T (L, (e, 800 T2
T £, — el

fe 1 <

Whara F2(t#H) aguals to

N .
T DR 13=11 & atha inta 2 ped
F:(t:ﬁf-_:!‘ T T 1] ax]:{-EE . f +1) @B =1. Bethe integrsl of the pdf

of the Invarted Gamma distribuotion. 5o ws gat

n L —1

Bl Eiogt?
— -
=

-
— T .
Ejog -0

Substitnting the sguation (C_27) in eguation {C.4), we g=t the Bayes sstimator of B as the
followwing formula:

H ncx>0 2R
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Comparison Bayes Estimators of Reliability in

the Exponential Distribution

Appendix-D: The following is the programs algorithm.

Algorithm (1): To compute Bayes estimators (Rse:(t) ) using inverse chi-square

as prior distribution for6 with MSE for Rsg (t).

=ivem walmes for thhe paAara@oeeter & amd saocxgple size — @

amd % is the paramseter for imserse chi-sqgmarre distrib o o
amd fhe momber of replicatom —100EFEE for each sample

O e e
1

Tomypmte B f— exrpd—-tosS 8 oAt sivem walmes for oo S

+

——I For I.—1 fo @

+

emerated data from EFxop-oomemtial dis teib o s
musime= Rilaflab

Commpmte Fle=:{tf msimes Fformmla im Eable {33 Also

comp@ate RMEFCF =0t 3 msimes formmala (10 for =1

A e 1l e ch & EXNESE TN o P {1t T all
L. =100, B lsa O EEND 1T e EXNE R TN o

PISEL Fadthd For all L—I1000k

il

Note (1): we can reformulate the Algorithm (1) to compute Bayes estimators for

Rsei (t), 1 =2,3,4under using other distributions as prior distribution for 6 with

MSE for Rse (t),i = 2,3,4.
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the Exponential Distribution

Algorithm (2): To compute Bayes estimators (Rwse:(t) ) using inverse chi-

square as prior distribution for® with MWSE for R wsg (t).

iwem wAalmes for thhe parameeter & a@md sample size — @
amd % is fhhe paramseter for imserse chi—sgomare d isfrib o Goos

amd the mamber of replicatom (— 1R for each saomple
sime

I Comypmte By fr— expi{—fto/' 8 3 At mivem walmes for to S8

+

-_-H For I.=1 fto =

+

—emerated data from Foaopaoom e tial o s trib o ciaoes
msime ARldatflalk

Compuate FH==:{fymsimes Fformmala im table {43 alsoc

O N 1 TE PRIV EES B L3 musime= formmmlia {11 For

- N
Ao e e i = I ER TN o o= {th For =all
L. =100, alsa O EENE 1 T e EXNEE TN o
BROWEEY Fao 33 For all I.—11HHF.

Note (2): we can reformulate the Algorithm (2) to compute Bayes estimators for
Rwsei (t), 1 = 2,3,4under using other distributions as prior distribution for 6 with

MWSE for Rwsei(t),i=2,3,4 .
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Comparison Bayes Estimators of Reliability in

the Exponential Distribution

Appendix-E: The summarized and tabulated discussions and conclusions.

n

Table 5-1: Best Estimation according to the smallest value for MSE(R (t)).

- Par. -
MSE(R (t)) MSE(R (t))
parameters Sample Size(n) Sample Size(n)
30 | 60 | 20 | 120 30 | 60 | o0 | 120
=] t v - | Inverse Chi-square distribution o B Inverted Gamma distribution
0.5 0.5 4 0.00377 0.00209 0.00135 0.00111 s 2 0.00314 0.001920 0.00127 0.00106
1.5 (4] 0.00055 0.00032 0.00021 0.00017 s 2 0.00054 0.00032 0.00020 0.00017
2.5 [i] 4.515e” 2.1844e° | 1.2897e” | 1.0665e™ 5 2 4.8083e” | 2.3362¢” | 1.3502e7 | 1.1113e™
3.5 & 3.708e 1.3354e° | 6.7785e” | 5.3181e” 5 2 4.0753e% | 1.4735e’ | 7.401e” 5.7078e”
[E] a b | Improper distribution C - MNon- informative distribution
0.5 0.5 7 3 | 0.00280 0.00178 0.00121 0.001020 1 0.00395 0.00214 0.001371 | 0.00112
1.5 o 3 | 0.00039 0.00026 0.00018 0.000160 3 0.00059 0.00033 0.00021 0.00018
2.5 o 3 ]12.5101e® | 1.5801e® | 1.0369F | 0.0209e 3 4.8655e" | 2.2661e® | 1.3208e | 1.0857eF
3.5 o 3 ] 1.7018e° | 8.6714e” | 5.0366e” | 4.2407e”7 3 4.0843e° | 1.3974e® | 6.9743e7 | 5.4311e”
=] W - | Imverse Chi-square distribution o B Inverted Gamma distribution
1 0.5 4 0.00315 0.00158 0.00108 0.00030 3 1 0.00326 0.00161 0.00109 0.00081
1.5 4 0.00304 0.00170 0.00119 0.00091 3 1 0.00300 0.00168 0.00119 0.00091
2.5 & 0.00103 0.00060 0.00043 0.00033 s 2 0.00094 0.00057 0.00041 0.00032
3.5 (4] 0.00028 0.00016 0.00011 9.0178e~ s 2 0.00024 0.00015 0.00010 8.6466e°
[ a b | Improper distribution C - ™Non- informative distribution
1 0.5 7 3 | 0.00396 0.00183 0.00120 0.00087 1 0.00284 0.00150 0.00103 0.00077
1.5 7 3 | 0.00324 0.00175 0.00123 0.00093 3 0.00319 0.00174 0.00121 0.00092
2.5 7 3 | 0.00093 0.00056 0.00041 0.000320 3 0.00109 0.00062 0.00043 0.00034
3.5 7 3 | 0.00021 0.00014 0.00010 8.3143e~ 3 0.00031 0.00017 0.00011 9.206e7
Continue for Table 5-1
a Par. A
MSE(R (t)) MSE(R (t))
parameters Sample Size(n) Sample Size(n)
30 | 60 | o0 | 120 30 | 60 | o0 | 120
a €t w - Inverse Chi-sguare distribution o B Inverted Gamma distribution
1.5 0.5 4 0.00245 0.00111 0.00069 0.00051 3 1 0.00265 0.00117 0.00071 0.00052
1.5 4 0.00460 0.00232 0.00151 0.00114 3 1 0.00481 0.00230 0.00154 0.00115
2.5 4 0.00292 0.00157 0.00105 0.00080 3 1 0.002902 0.00158 0.00105 0.00080
3.5 6 0.00138 0. 0007TS 0.00052 0. 00040 = 2 0.00134 0.00077 0.00052 0. 00040
=] a b | Improper distribution c - Non- informative distribution
1.5 0.5 7 3 0.00378 0.00151 0.00087 0.00061 1 0.00207 0.0010:0 0.00065 0.00048
1.5 7 3 | 0.00638 000291 0.00177 0.00129 1 0.00438 0.00223 0.00149 000112
2.5 7 3 ]| 0.00351 0.001 79 0.00114 0. 00086 3 000300 0.001 60 0.00106 0000381
3.s 7 3 | 0.00143 0. 000 S0 0.00053 0.00041 3 0.00143 0.00079 0.00053 000041
a t w - Inverse Chi-sguare distribution o B Inverted Giamma distribution
2.5 0.5 4 0.00119 0.00057 0.00033 0.00026 3 1 0.00135 0.00061 0.00035 0.00027
1.5 4 0.00408 000212 0.00128 0.00101 3 1 0.00455 0.00225 0.00133 000105
2.5 4 0.00446 0.00246 0.00152 0.00121 3 1 0.00484 0.00257 0.00157 0.00124
3.5 4 0.00354 000205 0.001290 0.00104 3 1 0.00374 0.00210 0.00131 0.00105
=] a b | Improper distribution [ Non- informative distribution
2.5 0.5 7 3 | 0.00220 000087 0.00046 0.00034 1 0.00093 0.00050 0.00031 0.00024
1.5 7 3 | 0.00737 000307 0.00170 0.00127 1 0.00343 0.00194 0.00121 0. 00006
2.5 7 3 0.00748 0.00336 0.00193 0.00147 1 0.00406 0.00235 0.00149 0.00118
3.5 7 3 0.00546 0.00262 0.00155 0.00121 1 0.00352 0.00204 0.00130 0.00103

n

Table 5-2: Best Estimation according to the smallest value for MWSE(R (t)).

-~ Par. -
AMWSE(@R(t)) AMWSE(R(t))
parameters Sample Size(n) :
P Sample Size(n)
30 | 60 | o0 | 120 30 | &0 | o0 | 120

=] t - - | Inverse Chi-sgquare distribution o B Inverted Gamma distribution
0.5 0.5 <4 0.01183 0.00611 0.003890 0.00315 s 2 0.00978 0.00554 0.00364 0.00300
1.5 4 0.01177 0.00665 0.00437 0.00363 5 2 0.01008 0. 00609 0.00411 0.00347
2.5 ] 0.00365 0.00223 0.00152 0.00130 5 2 0.00338 0.00215 0.00146 0.00127
3.5 [:] 0.00086 0.00054 0.00037 0.00033 s 2 0.00086 0.00055 0.00037 0.00034

=] t a b | Improper distribution c - MNon- informative distribution
0.5 0.5 7 3 | 0.00870 0.00520 0.00349 0.00290 1 0.01170 0.00607 0.00385 0.00313
1.5 7 3 0.00914 0.0057S 0.00395 0.00336 3 0.01262 0.00689 0.00452 0.00371
2.5 o 3 | 0.00297 0.00194 0.00138 0.00120 3 0.00382 0.002290 0.00155 0.00132
3.5 o 3 | 0.00063 0.00045 0.00033 0.00030 3 0.00020 0.00056 0.00038 0.00034

=] w - Inverse Chi-sguare distribution (=] B Inverted Gamma distribution
1 0.5 el 0.00578 0.00276 0.00185 0.00136 3 1 0.00401 0.00171 0.00103 0.00075
1.5 <4 0.01630 0.00838 0.00574 0.00432 3 1 0.01582 0.00727 0.00452 0.00334
2.5 4 0.01469 0.00797 0.00554 0.00426 3 1 0.01955 000962 0.00612 0.00459
3.5 4 0.00952 0.00542 0.00381 0.002900 3 1 0.01 730 000906 0.00586 0.00448

] a b | Improper distribution c - Non- informative distribution
1 0.5 7 3 | 0.00738 0.00325 000210 0.00151 1 000502 0.00256 0.00175 0.00130
1.5 7 3 |0.01042 0.00938 0.00625 0.00464 1 0.01545 0.00814 0.00560 0.00424
2.5 7 3 ]| 0.01600 0.00843 0.0057To 0.00442 1 0.01 504 0.00810 0.00558 0.00428
3.5 7 3 | 0.009250 0.00541 0.00382 0.00290 3 000978 000549 0.00385 0.00301
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Continue for Table 5-2

a Par. N
AMWSER(t)) MWSE(R(t))
parameters = -
Sample Size(n) Sample Size(n)
30 | 60 | o0 | 120 30 | &0 | o0 [ 120
a8 t v - | Inverse Chi-square distribution o B Inverted Gamma distribution
0.5 | 0.5 4 0.01183 0.00611 0.00389 0.00315 s 2 0.00978 | 0.00554 0.00364 | 0.00300
1.5 4 0.01177 0.00665 | 0.00437 0.00363 5 2 0.01008 | 0.00609 0.00411 0.00347
2.5 [ 0.00365 0.00223 | 0.00152 0.00130 H 2 0.00338 | 0.00215 0.00146 | 0.00137
3.5 & 0.00086 0.00054 | 0.00037 0.00033 s 2 0.00086 | 0.00055 0.00037 | 0.00034
[Z] t a b | Improper distribution C - MNon- informative distribution
0.5 | 0.5 7 | 3| 0.008T0 0.00520 | 0.00349 0.00290 1 0.01170 | 0.00607 0.00385 | 0.00313
1.5 7 |3 ]| 0.00014 0.00S7S | 0.00305 0.00336 3 0.01262 | 0.00689 0.00452 | 0.00371
2.5 2 | 3| 000207 0.001924 | 0.00138 0.00120 3 0.003382 | 0.00229 0.00155 | 0.00132
3.5 2 | 3 | 0.00063 0.00045 | 0.00033 0.00030 3 0.00020 | 0.00056 0.00038 | 0.00034
=] t v - | Imverse Chi-square distribution o B Inverted Gamma distribution
1 0.5 4 0.00=78 0.00276 | 0.00185 0.00136 3 1 0.00401 0.00171 0.00103 | 0.0007S
1.5 4 0.01639 0.00838 | 0.00574 0.00432 3 1 0.01582 | 0.00727 0.00452 | 0.00334
2.5 4 0.01469 0.00797 | 0.00554 0.00426 3 1 0.01955 | 0.00962 0.00612 | 0.00459
3.5 4 0.00952 0.00542 | 0.00381 0.00299 3 1 0.01730 | 0.00906 0.00586 | 0.00448
[Z] t a b | Improper distribution 4 - Non- informative distribution
1 0.5 7 |3 ]|0.00738 0.00325 | 0.00210 0.00151 1 0.00502 | 0.00256 0.00175 | 0.00130
1.5 7 |3 ]0.019242 0.00238 | 0.00625 0.00464 1 0.01545 | 0.00814 0.00560 | 0.00424
2.5 7 |3 ]|0.01609 0.00843 | 0.00579 0.00442 1 0.01504 | 0.00810 0.00558 | 0.00428
3.5 7 | 3| 0.000590 0.00541 0.00382 0.00229 3 0.00278 | 0.00549 0.00385 | 0.00301
N
Table 6-1: the summary of conclusions for MSE(R (t)).
The best estimation according to the smallest -
- MSE(R (t))
8 t wvalue for MSE(R (t)) when the Prior Sample Size(n)
distribution is a0 60 o0 120
0.5 0.5 Improper distribution with (a=7.b=3) 0.00280 0.00178 0.00121 0.00102
1.5 Improper distribution with (a=2.b=3) 0.000392 0.00026 0.00018 0.00016
2.5 Improper distribution with (a=9_b=3) 2.5101e® | 1.5801e" | 1.036%9e° | ©0.0209e°
3.5 Improper distribution with (a=9_b=3) 1.7018e’ | 8.6714e” | S.0366e” | 4.2407e”
e t
1 0.5 MNon- informative distribution with (c=1) 0.00284 0.00150 0.00103 0.00077
1.5 Inverted Gamma distribution with (o =3, =1) 0.00300 0.00168 0.001190 0.00091
2.5 Improper distribution with (a=7.b=3) 000003 000056 0.00041 0.00032
3.5 Improper distribution with (a=7.b=3) 000021 0.00014 0.00010 8.3143e°
=] t
1.5 0.5 Non- informative distribution with (c=1) 0.00207 0.00100 0.00065 0.00048
1.5 Non- informative distribution with (c=1) 0.00438 0.00223 0.00149 0.00112
2.5 Inverse Chi-square distribution with (v=4) 0.00202 0.00157 0.00105 000080
3.5 Inverted Gamma distribution with (o = 5.p = 2) 0.00134 0.00077 000052 000040
=) t
2.5 0.5 Non- informative distribution with (c=1) 0.00093 0.00050 0.00031 0.00024
1.5 MNon- informative distribution with (c=1) 0.00343 0.00194 0.00121 0.00096
2.5 Non- informative distribution with (c=1) 000406 0.00235 0.00149 0.00118
3.5 Non- informative distribution with (c=1) 0.00352 0.00204 000130 0.00103
N
Table 6-2: the summary of conclusions for MWSE(R (t)).
The best estimation accordimg to the smallest -
N AMWSE(R(t))
8 t value for AWSE(MR(t)) when the Prior Sample Size(n)
distribution is 30 &0 oD 120
0.5 0.5 Improper distribution with (a=7,b=3) 0.0087T0 0.00520 000340 0. 00200
1.5 Improper distribution with (a=7,b=3) 0.00914 0.00575 0.00395 0.00336
2.5 Improper distribution with (a=2,b=3) 0.00297 0.00194 0.00138 0.00120
3.5 Improper distribution with (a=2,b=3) 0.00063 000045 000033 000030
=] t
1 0.5 Inverted Gamma distribution with (o =3.p =1) 0.00401 0.00171 0.00103 0.0007S
1.5 Inverted Gamma distribution with (o = 3.p =1) 0.01582 0.00727 000452 0.00334
2.5 Inverse Chi-sguare distribution with (v=4) D.01469 0.00797 D.0D554 D.00426
3.5 Inverse Chi-sguare distribution with (v=4) D.00952 0.00542 0.0D381 0. 00200
=] t
1.5 0.5 Non- informative distribution with (c=1) 0.00305 0.00144 0.00092 0.00068
1.5 Non- informative distribution with (c=1) 0.01306 0.00641 000417 0.00313
2.5 Non- informative distribution with (c=1) 001752 0.003839 0005383 0. 00442
3.5 Non- informative distribution with (c=1) 0.01682 0.00877 000577 0.00441
=] t
2.5 0.5 Non- informative distribution with (c=1) 0.00118 0.00063 0.00038 0.00030
1.5 Non- informative distribution with (c=1) 0. 00683 000370 0. 00227 000180
2.5 Non- informative distribution with (c=1) 0.01226 0.00673 000417 0.00331
3.5 Non- informative distribution with (c=1) 0.0156 0.00867 0.00541 0.00430
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