RESEARCH ARTICLE ¢ OPEN ACCESS

Reliability for Generalized Rayleigh of 1 Strength - 4 Stresses
Ahmed Haroon Khaleel

Volume 12, Issue 1, Pages 26-31, June 2024

Received 16 January 2024, Revised 19 May 2024, Accepted 22 May 2024, Published 24 May 2024

To Cite this Article : A. H. Khaleel,“Reliability for Generalized Rayleigh of 1 Strength -
U 4 Stresses”, Euler J. Ilm. Mat. Sains dan Teknol., vol. 12, no. 1, pp. 26-31, 2024,

https://doi.org/10.37905/euler.v12i1.24175

© 2024 by author(s)

JOURNAL INFO ¢ EULER : JURNAL ILMIAH MATEMATIKA, SAINS DAN TEKNOLOGI

ISSN: 2087-9393

A Homepage : http:/ejurnal.ung.ac.id/index.php/euler/index
BB Journal Abbreviation  :  Euler]. llm. Mat. Sains dan Teknol.
Yol Wi Waenates Sagtanfpasoell  AB,  Frequency : Biannual (June and December)
' BB  Publication Language : English (preferable), Indonesia
@ Dol : https:/doi.org/10.37905/euler
A8  Online ISSN : 2776-3706
©  Editor-in-Chief : Resmawan
B Publisher :  Department of Mathematics, Universitas Negeri Gorontalo
AT 66 MO [3  Country :  Indonesia
ol rbliipalan e OAl Address :  http:/ejurnal.ung.ac.id/index.php/euler/oai
¥ Google Scholar ID : QF_r-_gAAAA]
__'J/A & Email :  euler@ung.ac.id

JAMBURA JOURNAL ¢ FIND OUR OTHER JOURNALS

JAMBURA

ournal of

Biomathematics

JAMBUR

JAMBURA

JOURNAL OF MATHEMATICS EDUCATION

FUBLISHER
9F MATHEMATICS

DEPARTMENT
"FACULTY OF MATHEMATICS AND NATURAL SCIENCES
UNIVERSITAS NEGER] GOACATALD.

Jambura Journal of Jambura Journal of Jambura Journal of Jambura Journal of
Biomathematics Mathematics Mathematics Education Probability and Statistics



https://doi.org/10.37905/euler.v12i1.24175
http://ejurnal.ung.ac.id/index.php/euler/index
https://portal.issn.org/resource/ISSN/2776-3706
https://ejurnal.ung.ac.id/index.php/Euler/about/editorialTeamBio/2933
http://ejurnal.ung.ac.id/index.php/euler/oai
https://scholar.google.com/citations?hl=en&user=QF_r-_gAAAAJ&hl=id&authuser=5
mailto:euler@ung.ac.id
http://ejurnal.ung.ac.id/index.php/jjbm/index
http://ejurnal.ung.ac.id/index.php/jjom/index
http://ejurnal.ung.ac.id/index.php/jmathedu/index
http://ejurnal.ung.ac.id/index.php/jps/index

Euler : Jurnal llmiah Matematika, Sains dan Teknologi, Volume 12, Issue 1, Pages 26-31, June 2024

https://doi.org/10.37905/euler.v12i1.24175

Research Article

W) Check for updates

Reliability for Generalized Rayleigh of 1 Strength - 4 Stresses

Ahmed Haroon Khaleel'*

Department of Statistics, University of Sumer, Iraq

ARTICLE HISTORY
Received 16 January 2024
Revised 19 May 2024
Accepted 22 May 2024
Published 24 May 2024

KEYWORDS

Generalized Rayleigh
Monte Carlo
Percentile

Regression
Stress-Strength

1. Introduction

Reliability is one of the most important terms that has in-
creased interest with the development of industrial machinery
and its increasing complexity, because the term reliability means
the period of work (life) of the machine or component, and this
interest in reliability was accompanied by the emergence of other
terms, including the term stress-strength [1-4], which means that
when the component is working, it is subjected to stresses and
resists these stresses with its strength the reliability of the com-
ponent can be determined by knowing the probability that the
strength overcomes the stresses or vice versa [5-7|. The in-
creased interest of researchers in the term stress-strength led to
the development of this concept, which positively reflected the
increased reliability of industrial models in various fields. The
stress that the component is subjected to can be expressed by
the random variable Y and the component’s strength can be ex-
pressed by the random variable X, so the reliability function can
be found by the mathematical formula R = P (Y < X) [8-10].

There are a lot of papers interested in this term, includ-
ing Salman and Hamad [3] estimated the reliability model by sev-
eral different estimation methods when stress and strength fac-
tors follow the Lomax distribution. Khaleel and Karam [11-13]
studied one of the special cascade systems where the model has
two basic components and a standby component. Khaleel [14]
funded the mathematical formula for a reliability model consist-
ing of three basic components and a backup component with an
active standby mode that replaces the basic components in case
one of them fails.

In a previous paper, a reliability function was found for
a component model that has strength and is subjected to two
stresses, (see Karaday, et al. [15]), in this paper, is to find a relia-
bility function where the model will be one component that has
robustness, expressed in the random variable X and subjected to

*Corresponding Author.

Email : ahmedharoon@uos.edu.ig (A. H. Khalel)
Homepage : http:/ejurnal.ung.ac.id/index.php/euler/index / E-ISSN : 2776-3706
© 2024 by the Author(s).

ABSTRACT. In this paper, the reliability of a one-component model is found where this component is subjected to
four stresses with random variables Y1, Ya, Ys, Yy and this component resists these stresses with its strength with
random variable X and it was assumed that these variables follow a generalized Rayleigh distribution. The model’s
reliability was estimated by three different estimation methods (Percentile method, the Regression method, and the
Least Squares method). A Monte Carlo simulation was performed to compare the results obtained from the estimate
using two statistical criteria: the mean squares error criterion and the mean absolute percentage error criterion. The
comparison showed that the best estimator of the reliability of the model is the favorable Percentile estimator.
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four stresses, the random variables are Y1, Y, Y3 and Ys.

This paper aims to find the mathematical formula for a com-
ponent model that has strength and is subjected to four inde-
pendent stresses, assuming that the strength and stress factors
follow the generalized Raleigh distribution, the reliability of the
model is also estimated by three different estimation methods
(percentile, regression, least squares), as well as a simulation is
done to find the best estimator of the reliability of the model.

2. Methods

In this subsection, the parameters of the generalized
Raleigh distribution estimator will be found by three different
estimation methods, which are (percentile, regression, and least
squares) as follows:

Let the random variables (X, Y,,Y>,Y; and Y4), follows
the generalized Raleigh distribution where X ~ GR (2, u,n)
and Yy ~ GR (2,u,m;); i = 1,2,3,4 so that:

2

flx) = 2nuwe ™" (1)
2

F(z) = 1—e ™" 2)
2

Fi(y) = 1—e ™" i=1234 (3)

2.1. Percentile Method

In this method, the CDF function mentioned in Equation (2)
is used as [12]:

F (o) =1—¢ "0

Since P; denotes some the estimate of F' (z(;); i, n) P;,

where P, = L;i:LQ,...,nthen:
n+1
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By substation (9) in (10), the estimator for 7 is :
1
—In(1—P;)\? R A—B
L) = ( (77# )) NRg = 35 (11)
n 4 n 2
I (4) ”Eﬁﬂw@_(2¢ﬂﬂﬁ
" —In(1—-P)\?
Z [x(i) - < P > =0. where
i=1 A ooyl paly Ln ((1 - Pi)fl)
Derivative the equation (4): B : Y, ,Wf?i) S In ((1 _ Pi)—l).
i [ L —In(1-P)) 5 Also the Rg estimators of the (11,72, 73,74) are
i H R C-D
! 1 TCRg = 5 (] 2)
— — — . 2
(17]23> <M> =0. n¢ ch 1 Nyg (Z?:—l Ny% _ )
2 M (ic) (ic)
The percentile estimator of 7 is: where )
2 C o one i mg, | In ((1 - Pi) )
Zn |:—ln(1—Pi):| (14) 1
=1 n n —
Mpr = - -, 5 D = X uyg(i ) iy ln ((1 - P;,) ) .
DN e SN _ ¢
i=1"(9) " C - 1727374'

also the percentile estimators of parameters (71,72, 113, 14) are:

Ne(pry = ,(=1,2,3,4.

-1
ln(l—P

) e
E:le[_uQJ}

2.2. Regression Method

The standard equation is used to start the estimate in this
method and as follows [16]:

zi=a+bu; +e (7)

where (z;) is the dependent variable, (u;) is the independent
variable and (e;) is error random variable independent.

Let x1, o, ..., z, of GR (2, u,n). Take the logarithm for
equation (2):

F(ag) =1—e "0
(1= F () " = e
1

F(2)) "] = muat.

Ln [(

Changing F (z(;)) by the P;, so

Ln {(1 - Pi)_l] = npal (8)
By comparison between equations (7) and (8):
z; =1Ln [(1 - Pi)fl} ,
. o)
a=0,b=mn, u; = priy;t=1,2,...,n.

where b can be estimated by minimizing summation of the
squared error with respect to b:

i) _ n Z?:l ZiUi — ZZ‘L:1 Zi 2?21 Uq

-~ K (10)
> () — (O )’

2.3. Least Squares Method

The minimization equation is used to start with the least
squares method and as follows [12]:

n 2
s=% [ (X ) (F(X(i)))] . (13)
i=1
Equal E (F(X(i))> with P;, so:
2
(1—-P)=e ™o
then
In(1—P,)+ nuat, =0. (14)
The equation (13) is used in equation (14):
2
S = Z{ln ) + nu:v()} . (15)
Derived equation (15), so
oS "
5% 22 {ln 1-P)+ mms?i) ] ux%i)
i=1
i=1
Then 75 is:
n 2
im1 BTN (1 — Py
ﬁLS:Z 1ieipin z), (16)
n 2,4
=D i1 Z(4)
and
ZZC:l uy§(7 ) In(1-P;,)
Nicrs = : ,(=1,2,3,4.  (17)

- 2?4:1 N21U4
¢ C("C)
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3. Results and Discussion

The paper includes a development of a previous paper, see
[15], where the reliability of the model will be derived in the next
section, which includes several steps to reach the final formula,
and then this formula will be estimated in three different estima-
tions (percentile, regression, least squares). Methods and simu-
lation work to discover the best way and obtain conclusions and
rely on a group of approved sources related to the topic of the

paper.

3.1.  The mathematical form

In strength-stress models, the reliability of a component is
determined based on its strength, which we denote by the ran-
dom variable X, and the stress to which that component is ex-
posed, which we denote by the random variable Y, where the
component resists the stresses to which it is exposed with its
strength and continues to work (X > Y'). when the stress in-
creases and exceeds the strength (Y > X), the component fails
and stops working. Now the reliability of a model is expressed for
one component that has one strength and is subjected to stress
as follows:

Rzpr(Y<X):/7OO f(z)F, (z)dz.

If the component has one strength (X) and is subjected to
four stresses (Y;,Y>,Y 5 and Y}), the mathematical formula of
this model is as follows:

RZ/ p’I“(Yl <X)...pT(Y4<X)fx(I)d$. (18)

Suppose that the random variables of stress and strength
are independent and identical, so the mathematical formula in
Equation (19) can be written as follows:

R=pr(Max (Y1,Ys,Y3,Y,) < X)

/ /yI /y2 /y3 i f(x,y)dysdysdysdy dx
- /0 /oyl /Oyz /Oy3 0“ FO) - fya)f(z)dys. .. dx

/ " Fayy (&) Fapy Py, (2) Fay, (2) f (2) d

(19)

with
f(x;y) - f(}’17)/2aYS7Y47$) .

Equations (1), (2) and (3) are used in Equation (19) to find
the general formula for the reliability of the model as follows:

R :/OOO [[]—El][l — EQHl — E3][1 _ E4]] QWMa?e_n”wzdx

o0 wz fo%) )
/ 2npuxe” "™ d:n—/ onpxe (TMHMIEET go
0 0

o0 2 o0 2
_/ gmme—(n-&-nz)w dr _/ Qnuxe—(v-i-ns)uw dr
0

0

o0
2nuxe_(7l+7]4)/tm2dx +/ 277Mxe_(’7+7]1+’7‘2)l”2dm
0

o0
2nuwe—(n+m+na)u$2dx+/ 277“%6_(,7+n1+n4)uzzd$

T

Qnuxe—(n+n2+n3)uw2dx+/oo 2nuxe_(”+"2+n4)”””2 de
0

0

oo
2nuze*(n+n1+n2+n4)ux2dl_i/ e~ THM AR
0

with ) )
Ey, = emr® By = e mu”
2 2
E, = e~ N2 E, = e~ Mk
Now, the general formula for the final model reliability is
as follows:
nen- - ] - ] -
n+m =+ 12 n+n3 1N+
o) * i) * )
LM+ + 12 n+n+n3 n+m+m
) * e * )
Ln+n2+ 13 n+n2+ 4 n+ns+n4
|rmnten) )
Ln+m+n2+n3 n+n+n2+m
lovatwrnl vl
L7+ 11+ 13+ 4 N+ N2+ N3+ N4
+ i }
L7+ M +n2 +n3 404

3.2. Estimation
In this subsection, the reliability estimator will be found by

(20)

three different estimation methods, which are (percentile, regres-
sion, and least squares). By substituting equations (5) and (6) into
equation (20), a percentile estimator of the reliability function is

obtained:

ﬁPr ﬁPr ﬁPr
b ] ] ]
npr + Mipr npr + N2pr npr +N3pr
_ [ 77Pr :| + |: ;\]PT' }
_ﬁPr + ﬁ4PT ﬁPr + ﬁlPT + ﬁQP’I"
+ [ ﬁPr 1 + [ ﬁPr :|
nPr + 771Pr + nSPr 77Pr + anr + 7)4Pr
+ npr 4 npr }
77Pr + 2pr + 773Pr T]Pr + N2pr + Napr

nPr

nPr

| pr + N3pr + Napr |

| Npr + Nipr + Topr + N3pr

(21)
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nper

L1Pr + N1Pr + 2Py + Tapr |

7/7\P7' _ ﬁPr
_'ﬁPr + ﬁlPr + ﬁBPr + ﬁ4Pr_ ﬁpr + 7/7\2Pr + 7/7\3Pr + ;]\4P'r*
[ 7/7\PT |

L Tpr + Tpr + T2pr + N3pr |

By substituting equations (11) and (12) into equation (20),

a regression estimator of the reliability function is obtained:

TIRg TIRg TIRg

o[
’ NRg + MRy NRg + N2Rg NRg + 3Ry

_ [ ﬁRg :| |: ';)\Rg :|
_ﬁRg + ;7\4Rg ﬁRg + ﬁle + 772Rg
+ | = AﬁRg _ 4= A7/7\Rg _ :|
| MRg + M Rg + N3Rg | | MRg + N1Rg + N4Rg
+ -,\ AﬁRg _ | + -A j]\Rg _ :|
| MRg + M2Rg + M3Rg | | MRg + M2Rg + N4Rg
T
| NRg + M3Rg + M4Rg | LMRg + MiRg T 12Rg + 3Ry
_ [ 7/7\Rg 1
L IRg + MRg + M2Rg + NaRg |
B ing '
| TRg + MRg + M3Rg + NiRg |
B irg '
_ﬁRg + ﬁQRg + ﬁ3Rg + ﬁ4Rg_
) P ——
LMRg + N1Rg + N2Rg + N3Rg + N4Ryg

(22)

By substituting equations (16) and (17) into equation (20), the
least squares estimator of the reliability function is obtained:

Rpg =1 — { s } _ { nLs } _ [ nLs ]
NLs +Mirs s + M2rs NLs + M3Ls

[ s ] [ iLs }
| Ls + NaLs Nrs +Mirs + N2rs
n 'A AﬁLS _ ] n 'A A7/7\LS _ ]
LMLs + s +M3ns]  [MLs +MiLs + Nars
n _A AﬁLS _ ] N _A ATA]LS _ ]
LMLs +M2Ls +M3Ls ] [MLs +M2Ls + NaLs
n _A AﬁLS _ ] B _A _ ﬁLsA _ }
| MLs +N3rLs +Nars |  |MLs +MiLs +Nars + N3Ls
B [ NLs ]
| s + Mins + 2rs + TaLs |
B [ NLs ]
| 7Ls +MLs +1M3Ls + MaLs |
B [ NLs ]
| MLs + M2ns + M3Ls + Tars |
n 'A _ AﬁLS _ _ '
LMLs +MLs +N2Ls +M3Ls + NaLs

3.3. Simulation

The MATLAB program is used to conduct Monte Carlo simu-
lation to compare different estimation methods using two statis-
tical criteria, MSE and MAPE, to indicate which estimation meth-
ods are the best to estimate the reliability of the model, different
parameter values and sample sizes were used as shown below
[11, 12]. To make the simulation algorithm, the following steps
were followed:

1. random samples z;, ¢« = 1,...,n; y;1, 1 =
1,...,711; Yi2, 12 = 1,...,712; Yi3, 13 = 1,...,713; and
Yia, 14 =1,...,ny are generated.

2. The different sizes (n,ni,ns,n3,ny) = A,B,C,D,E
where A = (15,15,15,15,15), B = (25,25,25,25,25),
C = (45,45,45,45,45) ,D = (80,80, 80,80,80) and E =
(100, 100, 100, 100, 100) are used.

3. Ten experiments were conducted by giving values for param-
eters y, 1, M1, 72,73, N4 as shown in the Table 1:

Table 1. The values of the ten experiments

R M M3 M2 M n 4 Experiment
0.1108 0.2 0.2 02 02 03 08 1
0.5800 0.7 0.7 07 07 02 1.1 2
02350 09 09 09 19 09 09 3
02139 15 15 15 09 15 1.5 4
0.2488 03 03 18 03 03 03 5
0.1484 1 1 0.5 1 1 1 6
0.2500 0.1 1.9 0.1 0.1 0.1 0.1 7
0.1711 06 04 06 06 0.6 06 8
02469 17 04 04 04 04 04 9
02000 04 05 05 05 05 05 10

4. Equations (5), (6), (11), (12), (16) and (17) were used, which
include the estimation of parameters 7, 71, 172, 73 and 7.

5. Equations (21), (22) and (23) involved estimating the reliabil-
ity of the model by estimation methods, respectively.

6. The results of different estimation methods were compared
using two statistical criteria:

(@) The mean squares error:
L

MSE (R) = %Z (#: - R)"

i=1

(b) The mean absolute percentage error:

R, — R
R

L
MAPE(R) = % >
=1

After carrying out the simulation, the results obtained are as in
Table 2-11.
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Table 2. The experiment (1), R = 0.1108

S.S.  criteria Pr Rg LS Best
A MSE 0.0027 0.0081 0.0032 Pr
MAPE  0.3670 0.6134 0.3985  Pr
B MSE 0.0016 0.0052 0.0020 Pr
MAPE  0.2898 0.4988 0.3172 Pr
C MSE 0.0009 0.0032 0.0012  Pr
MAPE  0.2137 0.3939 0.2399 Pr
D MSE 0.0005 0.0019 0.0007 Pr
MAPE  0.1638 0.3057 0.1844  Pr
E MSE 0.0004 0.0016 0.0005 Pr
MAPE  0.1466 0.2766 0.1652 Pr

Table 3. The experiment (2), R = 0.5800

S.S.  criteria Pr Rg LS Best
A MSE 0.0076  0.0226 0.0090 Pr
MAPE  0.1184 0.2065 0.1287 Pr
B MSE 0.0043 0.0138 0.0053 Pr
MAPE  0.0900 0.1612 0.0994 Pr
C MSE 0.0024 0.0083 0.0030 Pr
MAPE  0.0666 0.1250 0.0745 Pr
D MSE 0.0014 0.0048 0.0017 Pr
MAPE  0.0503 0.0954 0.0566  Pr
E MSE 0.0011 0.0039 0.0014 Pr
MAPE  0.0444 0.0856 0.0505 Pr

Table 4. The experiment (3), R = 0.2350

S.S.  criteria Pr Rg LS Best
A MSE 0.0057 0.0155 0.0068 Pr
MAPE  0.2598 0.4290 0.2805  Pr
B MSE 0.0036 0.0109 0.0045 Pr
MAPE  0.2048 0.3578 0.2270 Pr
C MSE 0.0020 0.0069 0.0026  Pr
MAPE  0.1533 0.2829 0.1732 Pr
D MSE 0.0012 0.0040 0.0015 Pr
MAPE 0.1171 0.2152 0.1315 Pr
E MSE 0.0009 0.0034 0.0012 Pr
MAPE  0.1040 0.1968 0.1177 Pr

Table 5. The experiment (4), R = 0.2139

S.S.  criteria Pr Rg LS Best
A MSE 0.0054 0.0147 0.0064 Pr
MAPE  0.2763 0.4557 0.3003 Pr
B MSE 0.0033 0.0096 0.0040 Pr
MAPE  0.2152 0.4557 0.2353 Pr
C MSE 0.1629 0.0061 0.0024  Pr
MAPE  0.1629 0.2924 0.1811 Pr
D MSE 0.0011 0.0038 0.0014 Pr
MAPE  0.1236 0.2293 0.1392 Pr
E MSE 0.0009 0.0032 0.0011 Pr
MAPE  0.1101 0.2082 0.1243 Pr

3.4. Discussion

By conducting the ten experiments in Table 1 and conduct-
ing the simulation, the following can be observed:

1. The reliability value is affected by different parameter val-
ues, where the reliability values decrease with the value of
parameter 7, while the reliability value increases with the

Table 6. The experiment (5), R = 0.2488

S.S.  criteria Pr Rg LS Best
A MSE 0.0061 0.0161 0.0071 Pr
MAPE  0.2528 0.4137 0.2724 Pr
B MSE 0.0038 0.0111 0.0046 Pr
MAPE  0.1980 0.3408 0.2168 Pr
C MSE 0.0021 0.0070 0.0026  Pr
MAPE  0.1465 0.2710 0.1657 Pr
D MSE 0.0012 0.0042 0.0015 Pr
MAPE  0.1113 0.2080 0.1250  Pr
E MSE 0.0010 0.0034 0.0012 Pr
MAPE  0.0989 0.1873 0.1119 Pr

Table 7. The experiment (6), R = 0.1484

S.S.  criteria Pr Rg LS Best
A MSE 0.0037 0.0103 0.0043 Pr
MAPE  0.3241 0.5334 0.3508 Pr
B MSE 0.0023 0.0068 0.0028 Pr
MAPE  0.2551 0.4344 0.2793 Pr
C MSE 0.0012 0.0043 0.0016 Pr
MAPE  0.1897 0.3472 0.2133 Pr
D MSE 0.0007 0.0025 0.0009 Pr
MAPE  0.1428 0.2651 0.1601 Pr
E MSE 0.0006 0.0021 0.0007 Pr
MAPE  0.1294 0.2420 0.1462 Pr

Table 8. The experiment (7), R = 0.2500

S.S.  criteria Pr Rg LS Best
A MSE 0.0060 0.0163 0.0070 Pr
MAPE  0.2481 0.4138 0.2691 Pr
B MSE 0.0037 0.0111 0.0045 Pr
MAPE  0.1946 0.3392 0.2148 Pr
C MSE 0.0022 0.0069 0.0027  Pr
MAPE  0.1490 0.2648 0.1660 Pr
D MSE 0.0012 0.0042 0.0015 Pr
MAPE  0.1109 0.2069 0.1249 Pr
E MSE 0.0010 0.0034 0.0012 Pr
MAPE  0.0995 0.1858 0.1129 Pr

Table 9. The experiment (8), R = 0.1711

S.S.  criteria Pr Rg LS Best
A MSE 0.0043 0.0121 0.0051 Pr
MAPE  0.3057 0.5088 0.3338 Pr
B MSE 0.0026  0.0081 0.0032  Pr
MAPE  0.2390 0.4168 0.2644  Pr
C MSE 0.0015 0.0050 0.0019  Pr
MAPE  0.1829 0.3244 0.2025 Pr
D MSE 0.0008 0.0031 0.0011 Pr
MAPE  0.1357 0.2557 0.1543  Pr
E MSE 0.0007 0.0024 0.0009 Pr
MAPE  0.1227 0.2285 0.1382  Pr

values of parameters 71, 72,73 and 74, and this is evident
by looking at the reliability value of the model for the ten
experiments in Table 1.

. When looking at the results of the simulation procedure

from Table 1 To Table 11, it turns out that the best estimate
of the model’s reliability is the estimate of the favorable Per-
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Table 10. The experiment (9), R = 0.2469

S.S.  criteria Pr Rg LS Best
A MSE 0.0061 0.0164 0.0072 Pr
MAPE  0.2529 0.4196 0.2750 Pr
B MSE 0.0037 0.0111 0.0045 Pr
MAPE  0.1981 0.3419 0.2179 Pr
C MSE 0.0021 0.0068 0.0026  Pr
MAPE  0.1495 0.2683 0.1660 Pr
D MSE 0.0012 0.0042 0.0015 Pr
MAPE  0.1113 0.2080 0.1256  Pr
E MSE 0.0010 0.0035 0.0013 Pr
MAPE  0.1009 0.1902 0.1145 Pr

Table 11. The experiment (10), R = 0.2000

S.S.  criteria Pr Rg LS Best
A MSE 0.0050 0.0135 0.0058 Pr
MAPE  0.2829 0.4659 0.3052 Pr
B MSE 0.0031  0.0095 0.0039 Pr
MAPE  0.2237 0.4659 0.2468 Pr
C MSE 0.0018 0.0058 0.0023 Pr
MAPE  0.1703 0.3037 0.1900 Pr
D MSE 0.0010 0.0035 0.0013 Pr
MAPE  0.1255 0.2353 0.1411 Pr
E MSE 0.0008 0.0029 0.0011 Pr

MAPE  0.1146 0.2150 0.1296 Pr

centile method in all tables and for all different sample sizes.

4. Conclusion

The mathematical formula for the reliability of the model
was found and this formula was estimated by three different es-
timation methods and a Monte Carlo simulation was conducted,
where the results of the Monte Carlo simulation of the ten exper-
iments, which were compared with MSE and MAPE, the results
showed that the best estimator for the reliability of the model
is percentile estimator compared to regression and least squares
estimators.
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