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Abstract :

The main aim of this paper is to give a comprehensive presentation of estimating
methods namely Maximum likelihood , Bayes and proposed methods for the
parameter of exponential failure model (using simulation).

Some new results are obtained and the new estimator was the best .

1-Introduction

The exponential distribution with
. ‘ ( - L(t,,...,1,10)g(6)
mean 6 provided a population model 1oy, ,....t, )= (1‘ ; )
PUyseensty,
which is useful in many areas of :

. . . H(t,,..t,,0)
statistics. The probability density - 1 n
function of random variable is given p (t 150 Iy )
by H(tl,..., tn,ﬁ)

1 ¢ IH (.., t,,0 HO
f(t;é’)z Eexp )

T Where L(t,,...,t,,[ﬁ) = the likelihood
The only statistical theory that

combines modeling inherent function of the observations (ty,....tx)
uncertainty and statistical uncertainty when  the  parametric  vector
is Bayesian statistics . The theorem of 8 =(0,,.8,) is given,

Bayes provides a solution to how to g(0) is the pror density of
learn from data . In the framework of 8=08,....6,) before observing data
estimating the parameters

(tl, sun ,tn)’

6=(,,..0,) of a probability H(gltl . t")is the posterior density

distribution L(tf,...,tﬂlﬁ) , Bayes’ of 0 =(8,,..0,) after observing data
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(tl,. » .,tn),
P(f paesesty, )=the marginal density of
the observations (ty,...,t,).

2- Maximum Likelihood
Estimation

Let

variables

t1,....ty  be set of random

and a vector of unknown
parameters & = (9, ,....,Bn),ﬂlen 1(t,60)
is the likelihood function such that

L(t,9)=iljf(ti,9)
InL(1,6) =Y In £(1,,6)

The ith element of the score vector is
_ dlnL(z,0)
86,

Now we can find the maximum

U,(6)

L=12,..p

likelihood estimator. Let ( t;,1,—,t, )
be the set of random variable from
exponential population with parameter
6 .The probability density function of
exponential distribution is given by :

1 t

t;68) = —exp(——
f{t.6) 5 p( 9) 650

The likelthood function is

L(t,0) = ixlf(z,.,e)
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In £(1,0) = ~nln @ - = —

The score vector is

Jdln L(t,@)

A

Let U (¢ ) = 0, then the maximum
likelihood estimator is

s

=1 is unbiased for & , and

Var (6)= Var(lzn: :,.)
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Vart, :—2n92 = —
— n n
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Therefore

MSE 0)-var )+ [56)- of -2

3- Bayes Estimation

Constder the one parameter
exponential distribution

1 t
1;0) = —exp(——
1(5:6) P p( 8)
We find Jeffery prior by :
g(0)ec ,/IiBi,where

J1(6)

— \/ Fisher...Anf ormation
and

B 8% In f(z,0)
16)= —nE[ TJ

2

7(5:6) = gexp(—§>

lnﬂﬁm:—mﬂ—é

olnf(t,0) _ 1 _ 1

Y. 6 0%
fflnf(tﬂ)_i_z
0 & &

g8l f@o)) 1 2 -1
88?2 e 9 @2

(9% f(¢,0)
1(9)=—HEL YE ]

¥

K

Using Jeffery proposal that

g(8)«< (1(6),
Vn

Implies g( 6 )ec 5

n

gl6)=k—

9)= ﬁ f(t,-!e)

i=1

Lt t,

—_ ex — —
=9 P o

The joint probability density function
f(ty.t2,...,ta, 8) is given by

H(tlﬂ"”tn’g): éf(tf,e)g(ﬁ)

- L(tl,...,tn Q)g(é))

n

t, —
- exp | - ’Z:' | B
a" e 0
!
k/n Z; ‘
» exp| —
9n+1 9

The marginal probability density
function of (1),...,t,) is given by
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pltyseoot, )= [H(o0t,,,0)d0

~(kn fz::t,)_n [y

exp(- )b
(kv/o Yo 1)

o)

And the conditional probability density

function of & given the data
(t1,...,ty) is given by

H(t,,...t.,0)
... )=
Ot )=

134

i=1

i)

(n~1)

eXp | —

9n+l

using squared error loss function

(@,0)=cl@-0Y

Leads to the Risk function, R(Q, o )

_R(6,6)= Edé,0)

E]‘f(é,eh @t 2, )40
G
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=caz—zceoj[(;1_l))! 0 [Zil; [y expl-y)y

Zr
= ,
exp ) dé +v(6) (Z ti)(n _2)
|
B (n - 1)
M_z - 2¢ ( -[’”9—,, ,\ Zri
o0 g =i
c ' n-1
Zt" Where,
ex ‘=:9 df + zero E(g ) | -
= 4
’ n—lg '
1 = n
oR 10,06 - 8 = 2]
Let iﬁ(ﬁn—): 0 then n—l; -1
) [i t,)n ég is a biased estimator for & , and
6, = ~— a-" .
(n-1) f biased:E{GB)—H
Zn:tf b4l 1
= = 6-0=—-0
i i n—1 n-1
Similarly ,
n _ Var( ) ( )ZVar(t
Z, £
g['z-“: ) f izl . 72922 n 5
(n—1} y (n-1) = (n-1)
and
A 1
L MSHO,)=—"—6 &
>, e L
exp(—y = |dy _ n+l P
’ o
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4- Proposed Estimator
Using both the M.L.E. and Bayesian

estimator for the mean 9 Jwe

propose the following new estimator :

0 =pby,p+ (l - P)‘QB
And we try to find the value of p

which minimizes MSE(E ), where
0—6= péM.L.E '*'(1 "p)és -6
6-6= p[éM.L.E —0]

+ (1 —pP IéB -]

E@ -6)* =p*H0,,,, -0 +
(1-p) ELG, - 0F +
—2p(1- BB, ~0lh, -0

Eemmrrrmrered|

MSHG )= p* MSEB,,, ) +
(1- p) MSEG,)+
-—2p(l- p)E{éM.L.E - Hléa - 8]

MSHO )= p* MSEO,,, )+
(1-p) MSB6,)+

oo O b p)[E(éM.L.EéB )_
E(éM.LEe)—E(éBe)jLEez] |

i~

OMSEB n
=2p MSE(QM.L.E )-

21- p)MSEE,)+
2~ 4p)Ey..0, )

9, ,,6)-H6,0)+ E67]

oMSE (0)
op

let =0 , Implies

MSE{@B )" E (éM.L.E éﬂ )+
E(@M_ i, E9)+
_ B(6,0)- E6°
P msEp, ,, )+ MsEB, )-

2E (éM.L.E O ) +
2E(6,,,,0)+2E(6,6)- 2E(6%)

e Ej;) o QEE(ZZ{)}
25(%—59]@5(%9}-2}5( ?)
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p:

n+l _, n_ g2

~ +
(n—1)>* n—1
gt L g
n-1
92+ n+1 2_2}1!6’2_l_
n (-1’ n—1
20° + -2 g2 _2p?
n-1
P n+n
2n*—n+l1
~ nen
2nt —n+1 LE
n®+n A
+11- v,
( 2n2—n+1jﬁ

5- Simulation
In this experiment ,we choose the

samples sizes as n=15,25,50,70,100 ,

137

with varieties of parameter value
=05,1,2,4,8,15,30
.With 1000 of replication .

To compare between the methods of

namely &

estimator , use the MSE and |MPE |,

where

and

~

=0

The simulation program is written by
using Matlab program . And the resuits

are written in table (1).
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Table(1): MSE and MPE of estimated parameter of exponential distribution

Sample sizes Values of the MSE MPE
(n) parameter Bayes- Proposed Best Bayes Proposed Best
7
s 95 00237 0.0203 Proposed 02345 02236 Proposed
1 0.0766 0.0679 Proposed 62172 02057 Proposed
03373 03016 Proposed 0.2209 02126 Proposed
1.2846 1.1374 Proposed 0.2194 02087 Proposed
4.9084 4.3530 Proposed 0.2158 6.2058 Proposed
15 17.1028 15.2151 Proposed 02193 0.2089 Proposed
30 747319 65.5735 Proposed 0.2261 02144 Proposed
25 05 0.0112 0.0104 Proposed 0.1682 0.1633 Proposed
1 0.0426 0.0398 Proposed 0.1625 0.1582 Proposed
0.1798 0.1668 Proposed 0.1650 0.1602 Proposed
0.6936 0.646% Proposed 0.1636 0.1594 Proposed
8 2.8374 2.6396 Proposed 0.1683 0.1634 Proposed
15 99978 9.282¢ Proposed 0.1657 0.1607 Proposed
30 38.4331 © 355157 Proposed 0.1616 0.1559 Proposed
50 05 0.0055 "~ 0.0053 Proposed 0.1167 0.1150 Proposed
0.0208 0.0202 Froposed 0.1149 0.1133 Proposed
0.0890 0.0857 Proposed 0.1170 0.1152 Proposed
03544 0.3430 Proposed 0.1167 0.1156 Proposed
12572 12176 Proposed 0.1102 ‘ 0.1089 Proposed
15 4.8098 4.6292 Proposed 0.113¢ 0.1114 Proposed
70 0.5 0.6035 0.0034 Proposed 8.0920 0.0914 Proposed
0.0140 0.0135 Proposed 0.0936 0.6922 Proposed
0.6626 0.9609 Proposed 8.0981 0.6972 Proposed
02357 02298 Proposed 0.0961 0.0952 Proposed
0.8642 0.8423 Proposed 0.0931 0.0922 Proposed
15 34595 33899 Proposed 0.0969 0.0963 Proposed
30 138710 135366 Proposed 0.0969 2.0961 Proposed
108 05 0.0825 0.0025 Propesed 0.798 0.0791 Proposed
1 00102 9.0100 Proposed 0.0801 0.0797 Proposed
2 6.0408 0.0403 Proposed 0.794 0.0792 Proposed
0.1702 G.1681 Proposed 0.0815 0.0812 Proposed
0.6413 6.6318 Proposed 0.0782 00778 Proposed
15 2.3619 23214 Proposed 0.0809 0.0803 Proposed
8.8720 8.7077 Proposed 0.0784 40779 Proposed

6- Conclusion

This paper presented Bayes method and a new method (combining Bayes and Maximum

likelihood estimators ) for estimating the mean of exponential failure model . It has been

shown from the computational results the proposed method is the best .
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