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Abstract:

With a wide increasing in industry and increasing mechanical and electronic complexities,
increased attention to the study of reliability and methods of estimations, including non-
parametric methods. The paper aims to estimate the reliability of the complex system that
contains a large number of components by non-parametric method from transitions
probability matrix that is estimated using stochastic processes. We used clustering analysis to
estimate the transitions probability matrix of the stochastic processes, which is a
representation of the study complex system, then find the equilibrium distribution of the
process and from it, we can calculate the reliability of the system.

By using simulation, we generated a data to estimates reliability function via parametric
methods (method of moments, maximum likelihood methods) and non-parametric methods
(empirical method, non-parametric analyze), when comparison between these methods by
using IMSE, shown the estimators of Weibull reliability function using non-parametric
analyze better than another selected methods, in case of small samples.
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xX®3) = P; X @
limX™ = A
b LS (A) ) 5 50 At Lol (s Losle: omat (A1 sl 5530 4d e ol
A= (A1 Ay Aj) ‘ ; ‘
A 5 (R Jlae) 40 Al b Uil o Jlas) A 5 (Jexg) A5 A 3 Uil o Jlas) A Jias s
[9] A8l dxpally () 5S5 R srall allail) A sra (o)) 5 ¢((als Jlae ) 43NN ANl & allail) o Jlaia)
el Sl sl lay yo Jaws e Gl aladiinly o5 ¢yl .JA (8 Aeadiall dpalaadU) (3 k) il (pa 455l ¢
(VS Gulall 138 Zapa 5 ((IMSE) el laia) il L5 (integral mean square error)

L
IMSE <R(t)> - %Z{nlt
i=1

J=1,2,...,n

t

Z (ﬁi(tl) - R(t;))z} = %i MSE(R(t) (26)
i=1

n
J=1

353n Ny S5 A adl) IS5l e dae L ey ¢ paill g axdieall Cslu) s 38l R(E) Del) Jia Sum
okl Audedl il (e el (IMSE) oelSall Lot s o s sia (il pasind (s (1) siidl
[7] M\).ﬂ\ PRYY ‘; Aol MAXMM‘

Simulation & Analyze Results :g=tiil) Judas g sslaall 4 25 Ciuay .9

ped iy 3 i zilad Jlexinly agdll baied) clleall E8all a8l 5l Caia gy 2l Al Ly BUSLall i yas
BSlae 4y 5a3 ol G Aliiall A 0 adindy (25l BSlae JYA (e iall a8l 5l &) oY) e 108 23 el
s 3l glud Jlesiad Jal je sl of sl alaill lSlaal) 73 gl dias 530 Slo Al #8151
oalall Jiadll ol 8Y) adinall (o dilide alaaly Glie as by WS gl pdall Ol puddl (e de gane

(ebiall aainall (o it O e Y8 S Sl e Alaall o3a 5 S s g el

(o = 1,1.5,2) ilS dus )58 Slalbead dsilly el (100 €75 €50 ¢25) paay lise 2l 55 34, jaill ol
oo Al da sy e Jsaall @llyy ((L=1000) I Lt 0S8 dlaall 228 ) SS WL (B = 1.5,2,2.5)
J pemall Gl 5 saall JUaill 44l gae J) 52 s 3lStaall 4y 5a% 6150y R dilian ) dae pall 4l dladiinl 5 puilail
b g e LS lilas U a0 5 3 bl o gz el 5 AalaaSU 5 Apabeall 38 skl (s (pa 4l Jumdl e

Y J sl
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((X, B) Silalzall [ERTNEN CJLAJ\ : (1) d‘,_\;

Methods
MODELS | n o B MLE MOM EMP NPA
25 | 1 | 15 0.0062 730.00 20.002 60.002
50 | 1 | 15 0.0063 300.00 0.0038 0.0034
75 | 1 | 15 70.001 0.0025 0.0018 0.0022
A 100 | 1 | 15 150.00 230.00 170.00 200.00
25 | 1 2 0.0072 0.0061 0.0034 0.0031
50 | 1 2 0.0042 0.0045 20.003 60.003
75 | 1 2 0.0020 0.0038 0.0025 0.0028
B 100 | 1 2 0.0013 0.0024 0.0021 0.0020
25 | 1 | 25 0.0031 0.0044 0.0022 0.0017
50 | 1 | 25 0.0050 0.0063 380.00 400.00
75 | 1 | 25 0.0021 70.002 0.0034 0.0042
C 10| 1 | 25 0.0013 50.002 00.002 160.00
25 | 15 | 15 1080.0 0200.0 360.00 0.0023
50 | 15 | 15 0.0033 0.0042 0.0033 0.0029
75 | 15 | 15 0.0019 0.0038 0.0027 0.0023
D 100 | 15 | 15 310.00 0150.0 910.00 210.00
25 | 15 | 2 0.0061 00480. 0.0051 00650.
50 | 15 | 2 650.00 0.0061 760.00 470.00
75 | 15 | 2 30.005 440.00 500.00 450.00
E 100 | 15 | 2 300.00 350.00 350.00 340.00
25 | 15 | 25 0.0067 0.0063 0.0053 0.0050
50 | 15 | 25 0.0045 0.0059 370.00 410.00
75 | 15 | 25 0.0034 0.0041 70.003 0.0039
F 100 | 1.5 | 25 290.00 380.00 330.00 380.00
25 | 2 | 15 0.0079 0.0085 0.0077 0.0074
50 | 2 | 15 0.0068 450.00 0.0061 830.00
75 | 2 | 15 440.00 0470.0 0600.0 620.00
G 00| 2 | 15 370.00 410.00 550.00 750.00
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| 1SSN (1681- 6870) | Lo o lall 481 jall Lmeal) - Aglaayl cliplaill ) 5l 5 sde aaladl alall il (335
25 2 2 0.0059 0.0077 530.00 520.00
50 2 2 740.00 0.0071 410.00 450.00
75 2 2 20.003 0.0044 00.004 90.003
H 100 2 2 030.00 140.00 630.00 330.00
25 2 2.5 0.0041 780.00 0.0038 70.003
50 2 2.5 0.0039 0.0073 320.00 360.00
75 2 2.5 00.003 0.0042 320.00 00340.
' 100 2 2.5 280.00 240.00 290.00 320.00

(A (2) Jsaadl A LS i) S

R(t) 4l saal) 1> &) i (IMSE) (lelsill Uadldl cilay 1o Jas s af 1(2) Jsan

models A B C D E F G H |
a 1 1 1 1.5 1.5 1.5 2 2 2
B 1.5 2 2.5 1.5 2 2.5 1.5 2 2.5

Alaaiuly dixall AUl A gre Ay e G < pedal DS i) alaal 5 Z 3l ppes o Baadl o3lel Jaall (1
el Wadll ey s il sia 0o B (IMSE) (el Ut ilas jo Jaws s Jani (NPA) (alaadll il
ok e I ills (%44) Ay B jpall Glipall Alla (8 ieall allaill 4 gee Ala 85 (4 33l hal) 480
& Y R() Adsaall Ay Huid alae Y1 GIS6Y) A3y yhl (IMSE) (AalSill Uadll ey ya Jaws gia la ol
Ayl (IMSE) LSl Uadll il jo cldasgia of Jaadl WS (% 89) Aoty 3 Sl il Al
230 Ll 43 Jimy 138 Aigal) s ol ) LS padlially fag 4818 o Slaill g Aleniosdl) il (3 5k 4815 R(E) 4l 2l

Ad gl Aly a8 8 Aaddiieal) A8 plall Al 3oLl caala 3l Agall ana
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Conclusions iy 10
plaaiuly Sl Sl 4 gadd) Ay ) i (IMSE) (el Uadll cilay o Jas gie of it pai Le A (4a -
G AY) Gkl sy Al o2 il (IMSE) AelSall Uaall by ya dass sia (0 S8 ((NPA) (oalzadl) Jolail

Bpoall Slial) Al 4

Ao Y 4yl aladiuly deall pUail) A gl Ay <l il (IMSE) lelSall Uaddl cilay yo Jaws sia of -
il alaal muead s 5,2V 31k il Alall s @) i (IMSE) ¢ J8 <l (MLE)

43,k dlaie) Sas LS 3 psall sl Al L3 ((NPA) aleedd) Jalaill slaie) oSy 43) J il gk Jull -
oS i) Al 33 gaall Ay il (MLE) pae Y1 <Y
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