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Abstract

This paper deals with comparing different estimators of scale parameter and
reliability function for two parameters Frechet distribution (.8), when (i) is shape
parameter considered known, while (8) is scale parameter and reliability function [R(t)]
1s estimated by different methods. These methods are least square, L. — moment,
proposed Bayes estimator under general entropy loss function and finally the estimator
using maximum likelihood of ordered observations. All the derivation required are
explained and the results of simulation given in tables.

Keywords: shape parameter, scale parameter, 8,5, under quadratic loss function,
B ayes under general entropy loss function.
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1. Introduction

The reliability of any machine or device, is the possibility of work continuity of the
machine without breaking down of failure during a period [o,t) without reducing
reliability applications in industrial fields. Reliability have been studied under various
applications by [ Moore, A. H. and Bilikam (1978) and Chare, D. J. (1985)]. Rytgaard
(1990) estimated reliability function of Pareto. Many other researchers like [ Hossain,
A. M. Zimmer, W.J. (2000), and Nadaraj, S. and Kotz (2003)], Erefaie, A. and Parsian
(2005), estimated parameters and reliability of Pareto, also Saleh, S.M. (2006),
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estimated reliability function of Pareto also. Farhan, Hla Salman (2007), estimated
survival function of Lomax distribution in case of censored data (II). Also Pandy H.
and Raol A. K. (2009), gives different Bayes estimator. Singh G. B.P., S K. V. and R.D.
(2011) estimated shape and reliability function when the shape parameter is unknown.
Setiyva Parul, Kumar Vinol (2013) estimated shape parameter reliability and hazard
function of Pareto type (I) model. Here we continue the work under reliability field by
comparing different Bayes estimators of scale parameter () and reliability function for
two parameters Frechet distribution. The comparison between likelihood and Bayes
estimators using squared error loss function, and general entropy function has been
done through simulation.

Definition
The p.d. f of the random variable (x) that have two parameters Frchet;

x ~ Frechet (4;80)

Defined by;
(A+1) a4
fe2,6)=7% (2) L iES . (1)
While the C. D. F is;
g A
F(x)=e (%) x,A,6 > (2)

Definition of Reliability Function
The reliability function [ R(t)] defined as;
R(t) = pr(T > t) 3)

Which means that the item is still working at time (t), it is defined on the domain {t €
[*,0)},s0 {R(t) €['.))} and some of its properties are;

aR()="

b. im R(t) = *

t—oo
C. R(ta) = R(tb) — ta = tb
2. Methods of Estimation

We consider the estimation of parameter (8) by using the following methods;

2.1 Least Square Method
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This method is well known in mathematics, and statistics, it depend on estimating
parameters by minimizing the total sum square of deviation between true values and
estimated values. In our subject (i.e frechet distribution, we depend on the C.D.F;

gt

F(x) = g_(F)

And the minimize;

n _Eﬂ 1 i)
T=Z(E {J) —m) (i)

Which is the difference between observed and estimated as follows;

gy

R —

A

mF~' (x) = (%)
In[InF~' (x)] =16 — Alnx,

y;i=Aln6 — Alnx;

E?z.ln x;

n

X =

n

y = %Z ln[ InF~' (xi)] (®)

i=)

Since the shape parameter (1), is considered known, then we estimate only (6) by least
square as;

BoLs = e (F_ 9 (6)
2.2 L. - Moment

This method depends on equating sample moment with population moment as;
B. =[x FT(Of (x)dx (7

And sample moment;

1
_ [— 1
b, = Y E Cr™ Xy @)
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Solve (,) using the p.d. f and C.D.F of Frechet, we obtain;
6 F
B =—— (=) ©)

(r+1)3

Solve [B, = b\];

El F(A; ‘) - n(n‘_ !);Z:(i_ DX(i)

(1A

(AT xp

SERDECE)

Where; x(\y < x(vy < *** < X(5,) are the ordered observation.

(10)

= Orpom —

2.3 Proposed Bayes Estimator

The second estimator of (6) is the proposed Bayes estimator of () under general
entropy loss function which is defined by;

Loz(6.6) = w|(5)

Since the risk function is expected loss;

c

—cln(g)—\] w > (11)

R(0,6) = ElLes(8,0)] = [7](3) ~cm(Z)—|nolvde  w =)

3R(8.6) f[ccﬂ:' _%]h(ﬁlx)dB

That means () is Bayes estimator under general entropy loss function;

i

(12)

Oeg = [E(s==|x)
Therefore under prior distribution of (6) 1.€;
[g(6) = k6°] (13)

We find the posterior distribution of h(8]x):

agmite g-8rr (5
I‘(n. “‘)

To find the formula (8;;), we solve the expectation;

h,(8]x) =

(14)
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E(HL x) = [ (H—L)h,(mx)de

TZ&_)"‘

The Bayes estimator of () under entropy loss function is;

h

r{n <) ]

éﬁayes (GE) — [
r(7) r(n+ 5)
A

Where (4) known constant and (c¢) also, known.

-2

2.4 Maximum Likelihood Method of Ordered Observation

as)

(16)

This method depend on ordered observation considering assumed the estimator (6)
lies between (x,,,, X,,,+1) observation and the likelihood function obtained from ordered

observation x(\) < X1y < = < X(p) < - < X(y) @S

L(x, X1, -y x1) = n‘:f(x;-)
]_[f(xa —[ Fxo)
_Amgmn —(@A+") H

logL =mInd+ (mA)Iné — (4 + 1)2 Inx; — Z (
i=}

i=m+|

2,

dinlL. mA
A ol N - (n—m)d—1
30 5 (n m)A[B ]

()

X

7}

o

L

A
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n
md — (n —m)ign—m4a Z o 8
i=m+!
n
- -2
m — (n —m)gmn-mA Z XA =
i=m+!

'
2 m (n—m)ad

Bmleor =3 (n—m)E?‘;m“x;“ (18)

Which is an implicit function of (1) can be solved numerically to obtain [8,,,;.,,.].

J. Simulation

To compare the results of estimation procedures and estimators of reliability function,
we apply simulation procedures using Matlab 18, and generating values from the
C.D.F and applying the four method at different set of initial values are;

We use the simulation procedure to compare different estimators of (8) and [R(¢t;)],
using different sample size (n = V+,€+,7+ A+ Vo) and different known values of
(c, B, A). And the initial values for (1) and (@) are;

A 2 3 4
7} 0.5 1 ES
C 1 2

The replicate of each experiment (R = °+ +), the results (6) then [R (t;)] are compared

using statistical measure (MSE), and applying methods illustrated above, all results
explained in tables.

Estimation of Scale Parameters () when (4) is known as follows;
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Table(1): A=75, 6 =+°, =1
n LS L —Mom |Proposed Bayes | MLEO Best
6 0365532 | 0350532 0.510775 0.504571
20 MSE(6) | 0016135 | 0041058 0.002215 0.002328 | Prop Bayes
6 0360361 | 0345793 0.504468 0.502374
40 MSE(8) | 0016636 | 0020225 0.001085 0.001072 MLEO
6 0357723 | 0331814 0.502498 0.502105
60 MSE(6) | 0016822 | 0025821 0.000654 0.000452 MLEO
6 0.357398 | 0348129 0.501108 0.501065
80 MSE(8) | 0016557 | 0024802 0.000435 0.000432 MLEO
6 0354971 | 0341253 0.501068 0.501132
100 MSE(6) | 001733 | 0024267 0.000437 0.000442 MLEQ
Table(2): A=7T, B="+2, c=1
n LS L— Mom | Prop.Bayes MLEO Best
6 0.456257 | 0384318 | 0503873 | 0.504026
=0 Mmse(d) | ooo1106 | 0012708 | 0001047 | 0.001034 MLEO
6 0.458766 | 0384585 | 0502046 | 0.501481
40 MSE(6) 0.00158 | 0.012308 | 0.000409 | 0.000405 MLEO
g 0454819 | 0384337 | 0501103 | 0.500884
60 Mse(6) | o0.001802 | 0012315 | 0.000315 | 0.000313 MLEO
] 0.443651 | 0376026 | 0500842 | 0.500700
80 MSE(G) | 0002085 | 0011263 | 0000231 | 0.000240 MLEO
6 0452627 | 0385122 | 0501237 | 0.501052
100 MSE(8) | 0.002151 | 0011274 | 0.000176 | 0.000188 |Prop Bayes
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Table(3): A= B=1+2, c=171

n LS L —Mom | Prop.Bayes MLEO Best
8 0501436 | 0421749 | 0503368 | 0502373

=0 Mse(8) | 421E-05 | 0007559 | 0000453 | 0.000454 Ls
8 0483008 | 0420657 | 0501585 | 0501584

40 mse(@) | 514E-05 | 0005837 | 0000242 | 0.000243 LS
6 0490712 | 0418703 | 0500202 | 0500202

60 MSE(B) | 928605 | 0005805 | 0000169 | 0.000178 LS
8 0478019 | 0420514 | 0500434 | 0500443

80 Mse(8) | 130E-04 | 0005752 | 0000120 | 0.000120 LS
8 0354394 | 0343234 | 0501429 | 0500684

100 mse(6) | 1.85E-02 | 0024570 | o0.000432 | 0.000438 LS

Tabhle(4): A= "%, 0= =2

n LS L —Mom | Prop.Bayes MLEO Best
6 0236964 | 070139 | 1020689 | 1012287

20 MSE(6) | 565E-01 | 0132085 | 0006896 | 0.006477 MLEOQ
6 0230603 | 071048 | 1011421 | 1005232

40 mse8) | 5.778-01 | 011721 0.004351 | 0.004237 | MLEO
6 0227428 | 0702346 | 1005155 | 1.003272

60 MSE(8) | 571E-01 | 0102516 | 0002665 | 0002624 | MLEO
8 0227121 | 0701011 100458 | 1.003392

80 mse(@) | 571E-01 | 0100711 | 0.00203 | 0.002013 | MLEO
8 0235456 | 0702727 | 1004316 | 1.002746

100 mse(8) | 582E-01 | 0085626 | 0.001582 | 0.001574 | MLEoO
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Table(5): A=T, 8=, c=
n LS L— Mom | Prop.Bayes MLEOD Best
6 0361851 | 0782894 1.008851 1.007808
20 MsE(G) | 0382674 | 0054429 0.003872 0.003971 | Prop.Bayes
] 0356172 | 0794780 1.002559 1.001720
40 MSE(6) | 0400640 | 0047435 0.001692 0.001683 | MLEO
6 0.363725 | 0780714 1.00333 1.002711
60 MSE(6) | 0404970 | 0045828 0.001319 0.001312 MLEO
6 0.363354 | 0780346 1.001284 1.000802
80 MSE(6) | 0405404 | 0.045536 0.001002 0.001013 Bayes
6 0.352001 | 0783867 1001716 1.001435
100 MSE(8) | 0406114 | 0044758 0.000741 0.000740 MLEO
Table (6): A=%, B=), c=
n LS L — Mom | Prop.Bayes MLEO Best
6 0420436 | 083139 | 1004236 | 1.005227
=0 MSE(6) | 324E-01 | 0030407 | 0002109 | 0.002119 |PropBayes
6 0423177 | 082779 | 1002249 | 1.002335
40 MSE(6) | 3.31E-01 | 0.028234 | 0001048 | 0.001068 |PropBayes
6 0411215 | 0829739 | 1.001653 | 1.001742
60 MSE(B) | 334E-01 | 0026605 | 0000716 | 0.000715 MLEO
6 0.418678 | 0838229 | 1.001162 | 1.001171
80 MSE(6) | 3.36E-01 | 0026143 | 0.000488 [ 0.000487 MLEO
g 0416768 | 0838136 | 1.00048 1.00048
100 MsE(8) | 3.37E-01 | 0026866 | 0.000413 [ 0.000412 MLEO
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n LS L —Mom | Prop.Bayes MLEO Best
6 0154262 | 1075442 | 1521439 | 1514067
20 mse(@) | 1.78E+00 | 1068284 | 0021245 | 0.02112 MLEO
8 0145358 | 1061828 | 1510078 | 1505836
40 mse(8) | 1.71E+00 | 0310259 | 0.010314 | 0.01021 MLEO
6 0143192 | 1041071 | 1506866 | 1.505764
60 MSE(6) | 1.71E+00 | 0220109 | 0005124 | 0.00607 MLEO
6 0142372 | 1043065 | 1504101 | 1.502534
80 Mse(8) | 1.71E+00 | 0225126 | 0004435 | 0.004316 | MLEO
6 0142089 | 1041358 | 1503650 | 1501308
100 mse(6) | 1.71E+00 | 0220051 | 0003845 | 0.003841 | MLEO
Table(8): A=t 6= 1° c=
mn LS L — Mom | Prop.Bayes MLEO Best
6 0368738 | 1250877 | 1504293 | 1.505849
=0 MSE(G) | 1.27E+00 | 0.067802 | 0.005193 | 0.005222 |Prop Bayes
6 0.35347 125317 | 1501937 | 1502717 |PropBayes
40 MSE(8) | 127E+00 | 0062422 | 0002269 | 0.002277 |PropBayes
] 0.351354 | 1251728 | 1501491 [ 1.502011 [PropBayes
60 MSE(6) | 1.30E+00 | 0060549 | 0001446 | 000145 |PropBayes
6 0.358662 | 1260571 | 150211 | 1.502301 [PropBayes
80 mseE(8) | 130E+00 | 0060207 | 0001142 | 0001143 |Prop Bayes
] 0.357839 | 1250793 | 1502813 | 1.503115 |PropBayes
100 MSE() | 130E+00 | 0058568 | 0.000907 | 000091 [Prop.Bayes
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Estimators of Reliability function as follows;

Table (9): A= 7, 8= +2, ¢c=1
n | Real Ry MSE(R.q) Ry MSE(Riu| Rpuye: | MSE(Rpo] Runc MSE({Ry,| Best
0622121 0423465 | 0034113 0.3?-94? 0081239 | 064548 487TE-03 | 0639514 | 476E-03 | MLE

0211187 | 0124742 | 0.007094 0.121002 0016021 | 0228295 0001457 | 0225025 | 0001387 | MLE

0.1031561 | 0051838 | 0.001012 0.050309 0006873 | 010988 0000384 | 0.108184 § 00003561 | MLE

0040537 | 0023699 | D.000558 0.031752 0001567 | 0063%3 1.43E-04 | 0052054 | 133E-04 | MLE

0028211 | 0012731 | D.0D0291 0022775 0002133 | 0041226 6.36E-05 | 0040564 | 593E-05 | MLE

0522121 | 0413343 | 0.034371 0370445 0073727 | 04637372 131E-03 | 0634346 | 141E-03 | MLE

0221156 | 0119407 | 0.007744 0120181 0013913 | 0225034 0000676 | 0223403 | 0000636 | MLE

0.1041561 | 0050055 | 0.002113 0.054287 0003354 | 0.107294 0000177 | 0.106457 | 0000171 | MLE

0050587 | 0.024000 | 0.000529 0.031033 0001104 § 0062178 6.50E-05 | 0051681 | 626E-05 | MLE

0038211 | 0011343 | 0.000311 002148 0000676 | 0040225 JT6E-05 | 0039599 | 286E-05 | MLE

0.532121 | 0411358 | D.03616 0385815 007054 | 0534364 1.51E-03 | 0632338 | 142E03 | MLE

0221195 | 0.1173854 | 0.007938 0.115602 0012699 | 0224202 0000423 | 0223204 | 0000415 | MLE

0104161 | 0048891 | 0.002103 005571712 0003793 | 0106591 0000103 | 0106035 | 0000101 | MLE

0050587 | 0023574 | 0.000641 0.030949 0001058 | 0061314 381E-05 | 0060936 | 3.72E-05 | MLE

0038211 | 0011622 | D.000217 0.020439 0.000479 | DAO3987L 187E-05 | 0038656 | 132E05 | MLE

0622121 | 0405778 | 0.041573 0.303586 0066564 | 0633933 1.24E-03 | 0.632411 | 122E03 | MLE

03221194 | 0116513 | D.00316 0.118701 0012672 | 0223981 0.00033T7 | 0223165 J 0000321 | MLE

0.1041561 | 0047308 | 0.002189 0056272 0003342 | 0106298 8.74E-05 | 0105882 | S830E-05 | MLE

0050587 | 002311 D.000569 0031789 0001018 § 0061388 J05E-05 | 0061141 J 300E-05 | MLE

0038211 | 0011547 | 0.000316 0.019739 000044 | 01039613 1.37E-05 | 0039452 | 128E-05 | MLE

0532121 | 0.404541 | 0.047547 030015 0066604 | 0633021 OD06E-04 | 0631801 | 9O04E-04 | MLE

03221195 | 0115987 | 0.008219 0.118765 0012203 | 022327 0000263 | 0222618 | 000025 | MLE

0104161 | 00479584 | 0.00225 00545 0002896 | 0106496 680E-05 | 0106162 | 667E-05 | MLE

0050537 | 0022958 | 0.000765 0.031709 0001076 | 006091 241E-05 | 0060765 | 237E-05 | MLE

0036211 | 0021271 | 0.000328 0020038 toooas4 | 00395592 T0SE-03 | 0039463 | LO6E-US | MLE
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Table (10): A=Y, 8=+ c="1

n rl REE’I{ Rr.x *WSEfRu':I Rr.ncr *“SEERLMJ Rﬂ'rt}'el ".'TSEILRBH\'US) 'R.M!e MSE":RMIJ') Best

O 0 VST TS i ROl NG £ o I O ) R Y T

1 UITVS03 | Q097101 | DOuDdas | Ooe4s12 | OOod4dze | U12078% [ EEES 02014 0000433 MLE

Ly | 03636 | WU29757 | 491E-05 Ua1Bes L.oouary L0377 S OVE-O3 UU3731S 497E-05 MLE

[

U0I2504 | 0012693 | s 9E-DS | UOU5152 TOPE-IS LUIaLxy S 12E-Ua uoIedy 5. 53E-06 MLE

25 | 0007968 | 0006523 | 23:2E-06 AECIE R 180E-US 005244 254E- 16 UOO0s199 2 45E-06 MLE

US| Ua32l2l | 0530450 | DOobooe | 0393015 0052911 636223 2 36E-U3 0633539 234k-03 MLE

1 UIT7505 | Gobusay ¢ DiuDeds U062 L.003512 U.119136 U.0ouEEy (18 § B0 Uoooi4 MLE

15 ] U03636 | OGUX350a | 6. /4E-05 | OOISP74 | 0000346 | U.057136 2 32RO [EEE] 2A43E-05 MLE

R SR W TAEDS | UOUS0I4 | a.35E-05 L.UT5504 4.4nE-Ua 0oIx/o 442506 MLE

25 1 00070es | 0006215 | 3.19E-06 0004072 1 OE-US Loos1i4 1 23E-Ua 0oos09d 1.22E-06 MLE

U5 | o632l | 0533205 | D.010074 I E IR GEEGE 130E-03 Ue340la 1.58E-03 MLE

1 UITf505 1T DoSovs 0.aooysl U.0el 237 0003322 0118335 0.000135 0115329 U EE] MLE

1Y ] U03636 UDavse T4aE-05 | U0Is6esY L.00u33s U.U3a% /6 1 35E-U3 Uu3es0Y 1.5aE-05 MLE

2 0012304 | Q011852 T3ak-0> | UO07E37 6. 22kl L.015641 2 T0E-Ua (1) BT 203E-06 MLE

25 | 0007068 | 0006092 | S61E-06 0004051 235k-05 U.00ske1 10RO 0 00s048 T e4E-07 MLE

US| 0632121 | 0326441 D010%es | 0353493 IR .64544% 114E-U3 0634946 1IR3 MLE

1 UITf305 | 005544 | DOOU//e | OD6lb62 0003322 0115624 U.0001 [IBEREY) 554k 05 MLE

15 ] Ul3e3e | QUX/53a | VOIEUS | UOI8365 | 0.000341 U.030623 L USE-U5 0036273 1.08E-0% MLE

R RN E N R GRE Iage05 | U007952 6.04E-U5 [ ERE 2 3UE (8 1K1} i 2.36E-06 MLE

2.5 | 0.007968 0.004 393E-06 | 0.004057 1.61E-05 0.003035 558E-7 0003024 5.54E-07 MLE

0.5 | 0632121 | D.525701 D.011495 | 03952098 0.059086 0.635978 9 39E-04 0.63557 935E-04 MLE

1 0117503 | 0089155 | D.000DsS14 | 0061764 | 0.003291 nirrel 8.36E-05 01178 3.52E-05 MLE

15| 003636 | 0027289 | 832EDS 001853 0.000331 0.0346711 9 18E-Da 0036671 0.01E-D6 MLE

2 0.015504 | 0011603 1.534E-05 | 0.007916 6.13E-05 0.015666 1 64E-08 0015649 1.62E-06 MLE

2.5 | 000798 | 0005947 | 405E-D6 | 0.004016 1.62E-05 0.003045 430E-07 0008034 4.36E-07 MLE
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Table(11): A=¢,0=-2, c="1

n rl REE’I{ Rr.x *WSEfRu':I Rr.ncr *“SEERLMJ Rﬂ'rt}'el ".'TSEILRBH\'US) 'R.M!e MSE":RMIJ') Best

Do | ool |ooo [ oonae oo ot [oomoa | oooanT Jocmom | oo | MLE |

1 UUedcs) | D0elssy | s5UE-Do | UO32050 | 00oo9ys | ulasies 1 49E-04 0u63297 1.4/E-04 | MLE

Ly | oOrzy | obi2afy | 368EUr | Uosed:] 4 05E-U3 LOT25T 2. 16E-Ua oui2aey 3. 14E-06 MLE

[

0003509 | 00050aY | 38UE-Ds | UD02053 4.02E-08 L0040 6.33E-U07 [UIIENEE] 6. 31E-O7 MLE

25 1 0001xR8 1 Dodiez 69709 [UELCIRES 6.2k 001665 L O3E-UT 000166 LO3E-O7 MLE

U5 Ua32lzl | OeI4304 | D.O0047: 0. 392857 0062553 NCEEREN 0.0u2206 0633534 D00 MLE

1 U0el>sy | DO5VEL TO9E-D> | 0031457 U.000915 ulale 6.62E-03 U061 /8Y 6.01E-05 MLE

1] oOI2iy | oillevs | 46207 | UOOe30 JE2E-U5 [ EETE: 2 62E-Ua 0012315 201E-D6 MLE

7 | U003e00 | oO03Na | 4E0s | onooong 3.54k-06 U.003%al 262E-07 Uoosse1 2lE0T MLE

25 1 0001309 1 0001524 § 79209 U 0Os21 6. 23E-07 000163 441605 [ GE] 4 41E-U8 MLE

U5 | 06322l | 0605102 | DUDOS2E | 0391161 0062047 0.6346% 0.0UL4ss U 634655 DO013sY MLE

1 U0el>ss | UD30375 TETES 0031249 (L0000 [.0a0%%1 A0IE-05 0060951 30RO MLE

L ] o227 | oiitals | s32e07 | DOdelbl | 385E-05 LUT241% 1 32E-Ua [ RESE] 154516 MLE

2 0003509 | 000561y | SO0ME-Ds | 0002009 3. fak-U6 L003943 LVIE-O7 [N EREL TOE-07 MLE

25 1 0001200 1 0001458 140k U.000s04 T 8 30k-07 U001 6dE J02E-05 0 00160s 3 01E-U8 MLE

N UGER R 055874 DOoitie | U3%le2s U.0a0>3 0643321 AR EEX) 63352 D.ooTo>4 MLE

1 Uboldss | OO033558 | 26703 U.031138 [.000%0 0.0a11:3 J04E-05 006ITis | 3034505 | MLE

1] o0i2dy | 011241 LIE-De | Ullells | 3.9E-05 L0123 1 J5E-Ua 0012371 1.26E-06 MLE

2] DodEshY | 0D0z5a0 LISEOV | UO0I953 351E-U6 L.003934 L HEDY [EIEEE] 1 20B-07 MLE

25 | 0001599 | 0001453 | 197E-D8 | 0000815 | 6.78E-O7 0.001609 2 02E-03 0001609 2.01E-D8 MLE

0.5 | 0632121 | D595825 | 0001375 039425 0.058786 0.634199 0.000837 0634198 0000878 MLE

1 0060587 | 0055074 | 3.17E-DS 0.031069 0.000897 0.0560904 231E-05 0060904 230E-05 MLE

15 | 001227 | 0011124 | 137ED6 | 0.006239 | 3.74E-05 0.012371 903E-07 0012371 O02ED7 MLE

2 0.003809 | 0003537 1.37E-07 | 0.001%967 3 BEE-06 0.003903 LO2E-O7 0003903 L.OIE-O7 MLE

2.5 | 0001599 | 0001448 | 235E08 | 0000809 | 6.40E-07 0.001612 1.69E-03 0001612 1.63E-08 MLE




Table (12): A=Y, 08=), c="1

n tl Real 'Ru ‘HSE(RL.'L) RL.‘M ‘“SE(RLM:' R#:n'r:.'r M5 E(Run.w!':l RMIr *“-SE{'RMIEJ Best

| U0 | Donlond | CoioaiE | ooneend | oounes | oomiad pocoioor | onoorer foommT | ooooter [ Bayes |

1 Ued2l2l | U0aLfs2 | 3.26E-U1 U3s002s | UO0s3655 [GE S 4 21E-03 U.03014> 412E-03 MLE

15 | 033852 | 002/4s | LI0E-UL U206 30sk-02 037295 330E-03 U.3a31Y 3.12E-03 MLE

[

U2211599 | UOlZedy | 4.23E-02 UILI5TS LalE-2 U.251286 T32E-03 U279 1 45E-03 MLE

25 1 0149836 | 0010122 1 ROE-O LOSOS8S T b B 0154324 T1XE04 (el E] 6.67E-(4 MLE

05§ UBslesd | 0210307 | 0557705 | 0533287 005003 OUS1533 a 405 0950934 302505 Bayes

1 Ue3a121 | UUS/82D | 3.50E-01 U3=6637 | 0074133 U.a30205 22003 U.o3oLfs 22503 MLE

L3 ] 033852 | U0Zesdy | L11EOL U19a3ls | 3I9E-D2 PELEYEY) 1.35E-03 U.382309 134503 MLE

2 02199 | Ofldes1 | 427B02 | 01236 1.33E-02 U.226453 L1IE-D4 U224513 6s/E-04 | MLE

25 1 0147836 | 0009456 1 O2E-02 LOsory2 6.92E-03 0.1514 F43E-04 U 150248 331E-04 MLE

05 | 0851634 | 020695 Ual2iys | 0540121 0025855 Dos10Y6 SA4E 5 0 950685 SBlE-0s Bayes

1 0632121 | DO3384d | 352E01 039071 UDa7450 0637116 1.35E-U3 0.630083 1 s0k-03 MLE

1.5 | 0355852 U233 L11E-01 U2odirs | F09E-D2 U.3635209 SAIE-U4 U.361941 D2E04 | MLE

[

0221199 | 0014305 | 4.28E-02 UII9E 12ak-02 U224l 4 15E-04 (WK1 411E-04 MLE

25 | 0144836 | 0009182 1 oIEO LOTiTis 3RS 0149758 20004 0149026 2 04E-04 MLE

05 | 0B51as4 | 0202211 | 0605334 | 0549052 00065 IR e 4 09E-05 951448 4 18E-0% Bayes

1 0632121 | DO32248 3353801 0390358 Dba/7i4 | Ue3oUlL 1OSE-03 IGEEEY 10/E-U3 MLE

LS ] 033852 | O0249s4 | 111E-01 L20057s | 290E-D2 0301353 1314 U.3a01% 17sE-04 MLE

[

U21199 | 00T411y | 420500 | D1I9323 TA3E02 U.223406 ERE A L2350 JU0sE-04 | MLE

25 | 0147358 | 0.009131 102E-02 | 0078915 | 35.68E-D3 0.1495865 1.54E-04 0.143993 1.52E-04 MLE

05 | 09814684 | 0202846 | 0607812 | 0347306 0021639 DOo81038 346E-05 0.95084 3.55E05 MLE

1 0632121 | 0055208 3.33E-01 0.390436 0065992 0633432 D.09E-04 0632282 9.05E-04 MLE

1.5 | 033882 | 0024724 | 112E-01 0200325 | 233ED02 0.360309 542ED4 0.35936 537E04 | MLE

[

0221199 | 001404 420E-02 | 0.119387 131E-02 0.223626 2.90E-D4 0222973 JE3E04 MLE

25 | 0147356 | 0.009007 | L193E-02 | DO77084 | 550E-03 0.149243 1.25E-04 0.143786 125E-04 | MLE




Table (13): A=Y, 0=), c =1

n tl Real 'Ru ‘HSE(RL.'L) RL.‘M ‘“SE(RLM:' R#:n'r:.'r M5 E(Run.w!':l RMIr *“-SE{'RMIEJ Best
A B T SR N N O I e e W i N WA =
1 0632121 | 0020856 [ 0337921 | 039394 | Dlabal¥ | U64331¥ o.oo473 064381 Ul04e51 MLE

1.5 | 0256433 | UO1243% | 0038085 | 0.14U067 U.0T6a5 0264338 [ U dasty Uoo1yTy MLE

[

UI17503 | O0oessy | 0012325 | U0o3049 UD03a24 | 0122662 53204 U206 32504 MLE

25 | Doa1s9s | 0003337 | 0003441 (EERIL 0001234 | UDeddls 14%E-04 AL L41E-04 MLE

05§ 0B95ead | U32el6Y | 0434503 | 0873132 0001254 R 2R 0599338 221E00 MLE

1 0632121 [ U340771 U3vs2h 1 Uoasuls U.035503 U.00253 634545 0002521 MLE

L3 | 0256433 | U014/04 | 0028435 | 0135464 | Q01962 0235944 U.000531 [NeRRE Y U000s24 MLE

2 T OIlVs03 | OU0619? | UUIXssY | UDOol4xd | 0003413 | DI198S2 20904 U.11924 226E-04 | MLE

25 ) Dna199s 1 0003175 0.00346 (UEREEY 0000959 Doaxial 603805 0061200 5 HTES Bayes

05 | 0895a6> | 032162 | U460318 | O5/5374 000090 0890573 12607 0999368 132E-07 Bayes

1 0632120 | DO47553 | 03542111 0395735 OheI2Ie 0635503 R 063453 uoo1s74 MLE

L3 | 0256433 | UU1429y | 0038631 | 0135644 | UO14303 J 0238521 U.Uoate U2338411 Goboeot MLE

[

0117503 | UdOed4e | 0012423 | Odalill I ER U.11%a74 1.32E-04 U.119456 1.51E-04 MLE

25 | Uoa199s | 0003084 | 0003471 [(ERED] 000096 R 4 51E-05 U0al71s 4 46E-0% MLE

05 | 009%9aa5 | 0315410 | O46434s | 0876ty ooooias [T a IS U.999501 8 H2E-(8 Bayes

1 0632121 U.0465 U34iels | 0395151 0.0a0305 06327153 0.O010=6 U63.144 oooios4 MLE

L5 | 0250433 | UUI4071 | 003874l U.14047s I EESERN IR 000352 U.2374s 0000351 MLE

[

U117503 | 0002%0> | 0012434 | OO8lid2 | DDU3EL3 U147 TO9E-D4 U1TiLy LOVEO4 | MLE

25 | 0061995 | 0.003072 | 0.003472 0.03189 0.000955 0.062408 334E-05 0.052324 3.32E05 MLE

05 | 0999655 | 0317061 | 0466200 | 0977513 0000685 099951 6.27E-03 0999606 6 42E-08 Bayes

1 0632121 | 0046430 | 0342975 | 0393747 0.060178 0.63295 0.000953 0632552 0000951 MLE

1.5 | 0256433 | 0.013934 | 0058732 0.139309 0014325 | 0258321 0.000345 0:258075 0.000342 MLE

[

0.117503 | 0.00%201 | 0012455 0.0616 0.003267 0.118554 187E-D5 0.113431 18IE053 MLE

25 | 0061995 | 0.003036 | 0003476 | 0031349 | 0000945 | D.D62444 2 48E-05 0.082377 2 46E-03 MLE




[4A) o il g Callil] sandl daal=fl ) pilld A4 afe s

Table (14): A=¢, B=),c ="

n t: REH‘.{ Rr.x *WSEfRu':I Rr.ncr *“SEERLMJ Rﬂ'rt}'el ".'TSEIL'RBJI\'J'S) 'RM!E MSE":RMIJ') Best

0 ! Doty | Doaioal | ooehna | Lo Jooon [ SmE oo oemir [ MLE |

1 Ua312l | 2055004 | 355E-01 | U50sves | Ubalial | U637514 4 1E-U3 0637502 420E-03 | MLE

Ly | 017924y | l0ayey | 297E02 | 00veb2d | S17E-U3 1842t Y34E 04 UIs4.114 YE2E04 | MLE

[

U0edssy | 0OISs | 341E-03 | U32235 Y. 30E-04 L.0ai04s L37E-U4 0062945 133E-04 | MLE

25 1 0023275 | 000Uss1 S95E-04 | 0013341 1.6%E-04 U02elis 24505 (1T 1R e 2 4ak-05 MLE

1] 1 0405436 | 0356486 | OUoGDsT 3.26E-08 1 1.43E-11 1 L41E-12 MLE

1 | Uas2l2] | 0051773 | 3.6UE-DD | U3%6es6d | UOb6l&y [ U.o3alul 2 HE3 [UGERIER 221E03 | MLE

L o4y | dloesfa | 29902 | U093793 162E-U3 181873 46YE-U4 0181971 407E-D4 | MLE

2] Ubebssy | DDO2UIS | 348E03 | UOS1503 | 90ekE-U4 [ OOalarsf JOTE-US uuelal! JPIEDS | MLE

25 1 0023275 | 00008351 SO5E-04 | OO11547 LefE04 U.025603 LIE-US 0023665 LITE-DS MLE

UX 1 0305117 | 036615 | D28TiI1 1.8PE-U6 1 S83E-13 1 283k-13 MLE

1 0632121 | 0051018 | 5.61E-01 U.394015 038555 651564 1 32E-U3 IGEI R 151E-D3 MLE

L | 01924y | 0ousld JO9E02 | U0welsa 1 TE1E-U3 U.T80285 JO2E 04 UEs0o04 Z91E04 | MLE

2 U0alss) | 000196 | 3.44E-03 | 0031516 S OUE-U4 Llallx 3 04E-05 0061128 39RO MLE

25 | 0023275 | 0000506 | S99E-04 | OO1XE33 Lete-04 (I EEREEY 140K 0023354 T 4TE-U6 MLE

1] 1 0391365 | D3/0al3 IR TOSE-US 1 2I2E-13 1 201E-13 MLE

1 U632l | 0030563 | 3.62E-01 L3580 R ] [.633416 1.14E-U3 0633425 L12E-DS MLE

Lo | o2y | dloels] | 300e-02 | U0¥3206 131E-U3 . 150653 2 HED4 [IFRIGERE 227E-04 | MLE

2] Ubelssy | 0DOID3E | 34403 | OUZ1019 | 9G5E-U4 | U0elol JO5E-05 Uu61l2s 289aE-05 | MLE

25 | 0025275 | 0000794 | 599E-D4 | 0012756 1.62E-04 | DO254a5 504E-Da 0025465 502E06 | MLE

0.5 1 0388202 | D374476 | 0999379 9 43E-07 1 9 06E-14 1 904E-14 | MLE

1 0532121 | 0030271 362E-01 0.394508 0.058926 0633248 1.02E-03 0633248 1.01E-03 MLE

15 | 0.179245 | 0.00605 3.00E-D2 009533 T2BE-03 0.179943 1 TIE-04 0179943 L75E-D4 | MLE

2 0060587 | 0001923 | 3.44E-03 | 0030797 9.1IED4 0.08077 2 43E-05 006077 2AEDS MLE

2.5 | 0025275 | 0000737 | 6.00E-D4 | 0012729 1.62E-04 | 0025334 4. 21E-08 0025384 420E06 | MLE




(A1) g g psiall , callill aalll Aealall ) yall 34K ala

Table (15): A=Y, 0="19° ¢c=}

n tl Real 'Ru ‘HSE(RL.'L) RL.‘M ‘“SE(RLM:' R#:n'r:.'r M5 E(Run.w!':l RMIr *“-SE{'RMIEJ Best

B R R O PUEEEE R R B B e B2 i Wt e W= BT

1 Us94all | U0Y5355 | 751E-U1 RN UDss193 RS REE) 1.7aE-03 [ ) 1.31E-03 Bayes

L3 | 0632121 | UOI2506 | 384E-U1 U3lads2 | s44e-02 R 4 12E-03 GEENE 4 11E-03 MLE

[

U4s0217 | UO071s1 LPEOL u24reg 1 S00e-D2 0430414 3.67E-U3 1.438623 36203 MLE

25 | 0302324 | 0004275 | S8VEO 0166311 2EIEA2 0313733 25303 U3lle 24503 MLE

05§ URRLETT | 009%024 1 0s126b7 | 0875035 LIaE-03 0.5e0se 4 90E-05 0o9u514 5 24508 MLE

1 0504001 | O024002 | 756E-01 U.62852 DU70455 RERERY Y 40E-U4 L 884350 D45E-04 | Bayes

L3 1 0632121 | UO11352 | 383E-01 (R 7 AaE-02 U.6345s3 233E-03 633364 231E-03 MLE

2 0430217 | OU06e4xD | LISOE-UL | 04a30Y | 4208E-U2 U.457454 1.53E-03 U.436113 1 80E-03 MLE

25 | 002524 0.0041 5 8FE-O 167438 24702 0306001 [ 1eE-U3 [(ENELEY 114E-03 MLE

05 | 0B9hsT IR USI920s | U953 1.5YE-04 08909533 261E-08 0999520 ERYENA Y Bayes

1 0sB4a01 | 0024450 T57EU1 Uads2=y 0Da7235 0554015 o004 0.554%00 o.0DE-04 Bayes

L3 | 0632121 | UUIOY9Y | 3.86E-01 L3311 6.0z Las5907 153603 L.634551 1.33E-03 MLE

[

U430217 | Uddales | 1.50E-UL U24344) | 410E-D2 U.4525a5 I.1ok-03 U43lon 114E-03 MLE

25 | 0302324 | 0003258 1 S00E-OY 0164301 2 1akE02 0305174 6 3004 0304474 6 E-(4 MLE

05§ 0R99sTy | DO¥302D | 0523183 | 0530041 6.50E-D4 0599541 193RI 999538 2 D1E-08 Bayes

1 0854501 R 13001 NGEREY G ECE] 0595143 4.71E-04 0548235 4 18E-04 Bayes

L5 | 063212 .01y 386801 385402 o.alkE-02 U.632434 TOYE-D3 U.o3lell 1.0/E-03 MLE

[

U430217 | Udusdyy | 1.s0E-U1 U243484 | 396ED2 0453474 a3k 04 432505 s.46E-04 | MLE

25 | 0302324 | 0.003%06 | SOIE-02 | D.164059 | 222E-02 0.303847 5.00E-D4 0.303343 496E-04 MLE

05 | 0999877 | 0.090527 | 0827515 | 0982205 5.30E-04 099935 1 29E-08 0999843 133E-08 Bayes

1 0394501 | 0023362 T.58E-01 0.660%35 0oa21M 0.894207 39ME-D4 0593814 305E-04 Bayes

1.5 | 0632121 | 0010431 | 38VE-O1 0395235 | 639ED2 0.633851 9.13E04 0.633239 811E-04 | MLE

[

0.430217 | 0005913 | 1.20E-01 0247746 | 318E-02 0.432252 1.05E-04 0431743 1.04E-04 MLE

25 | 0302324 | 0.003867 | S91E-02 | D.163863 | 2.18E-02 0.303a7 4. 45E-04 0303251 44E-04 | MLE




l’\'*:l uj}..'ujl_gl;'lll_-ﬁ|da_wi| ;\_u_nbjll_”)ﬁ“q_ﬁgqjﬂ

Table (16): A=¢, 0=12, ¢c=}

n tl Real 'Ru ‘HSE(RL.'L) RL.‘M ‘“SE(RLM:' R#:n'r:.'r M5 E(Run.w!':l RMIr *“-SE{'RMIEJ Best

V) ) ek ORI ! TIIETE ) g ] Cooeron | Bayes |

1 U993a] UOIs23 9. 51E-01 usmedy | 0012774 | D592ise 45205 U.OtI3s1 434803 MLE

L5 | 0632121 | UO03701 | 395E-U1 U4ii3ed | 6oleD2 ETEES 4. 75E-U3 U.639066 451E-03 Bayes

[

U271237 | UOoLled | 729E-02 134172 L2E-D2 U 2s0014 2 13E03 . 250956 21703 Bayes

25 1 0121333 | 0000483 1 47E0 063352 3 8E-3 0124492 529804 U124972 53704 Bayes

1] 1 U24397s | 0571992 1 LE3E-22 1 0.00E+D 1 UDIEHIU Bayes

1 000387 | UUL/436 | 953E-U1 uoinals | 0009371 VRl | 2 30E-05 (W] 224105 MLE

L3 1 0632121 | U003445 | 305E-01 U3vse | e loE-D2 U.6365Y8 2OEO3 .637622 231E-03 Bayes

4 T 0157 | 0001094 | fS0E-0Y | 0149405 La3E-l2 b.275024 S OIEU4 U:215506 95E-04 | Bayes

25 1 0I213533 | 0000245 1.47E-01 U054474 3.53E-03 0123041 20ED4 123279 220E04 Bayes

EE] 1 023050 | 0579311 1 451E-24 1 0.00E+00 | ODIEHID Bayes

1 059347 U01essl | 954E-01 Uyllaie 000533 OuosILy 1.36E-05 0593163 1 34k-02 MLE

L5 | 0632121 | UN03363 | 395E-01 U3vises | S90ED2 0634376 T3IE-03 U.634553 1.33E-03 Bayes

[

0271237 | U00ide> | 7.50E-02 L.149455 1.5ak-02 U.273%.2 6.03E-04 274154 o U/E-D4 | Bayes

25 1 0121353 | 0000457 1 4/E0 053841 4 51E03 0122098 1.46E-04 U LS8 L asE-04 Bayes

1] 1 U.23006 05353805 1 524E- 2% 1 0.0uE+0 1 U02EHI0 Bayes

1 029387 U0I6eoe | 9.55EU1 IR EEYL EIFER] ] 0893307 YAIE-06 oo93341 9125-Ub MLE

L3 | 0632121 | 0003319 | 355E-01 Uav4ss4 | S92E-D2 U.63431 120E-03 1.6346Y] 122503 Eayes

[

U271237 | UOOIGds | 730E-02 | 0144985 TSUED2 0272184 4.66E-U4 L2riaig 405E-04 | Bayes

25 ) 0121553 | 0.00043 1.47E-02 0083234 | 352E-03 0.122431 1.05E-04 0.1226 1.09E-04 Bayes
03 1 02337 0.587385 1 294E-23 1 0.00E+00 1 0D3E+HIO0 [ Bayes

1 099347 0.016497 | 9.55E-01 0917001 0006325 0093434 6.58E-05 0993451 6.51E-06 MLE

1.5 | 0632121 | 0.003271 305E-01 0.393851 5.63E-02 0.63344 9.07E-D4 0.633745 S03E-04 [ Bayes

[

0271237 | 0001042 | 7.30E-02 0.147334 1.58E-02 0.a7978 3.53E-D4 02T 3.56E-04 Bayes

25 | 0121553 | 0.000425 | 147E-02 0063133 3.50E-03 0.122636 8.50E-05 01237132 8.65E-03 Bayes




(144} o paiadl 5 Al sl alall 3l il 4 Ak

Conclusion

The research consist on estimating scale parameter (8) and reliability function by
different fourth methods, we found the first best estimator in maximum likelithood of
ordered observation, then the proposed Bayes at all different sample size, also at the set
of initial values, the third best estimator i1s least square, while the best estimator of
reliability function is [Ry;z0], since this method depend on ordered observation which
18 necessary in estimation.
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