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Abstract

The technological development and the use of complex electronic systemsin
various fields led many researchers to study the Reliability. Therefore, the study of
the Reliability and linkage between the theoretical and practical aspectsis of great
Importance because it is the indicator to show the efficiency and ability of the
machine to work without breaks for a period of time Long for the purpose of
increasing production of both quality and quantity.

Snce the number of failuresis subject to the distribution of Poisson, the study
focused more on the study of the Poisson processes by two types the
homogeneous(HPP) and non-homogeneous (NHPP), and the absence of a general
trend in the number of failures vs. timet It was appropriate to analyze data using
the Poisson regression.

This study was concerned with estimating the reliability function in the case of
data distributed of Poisson distribution in comparison to three methods of
estimation methods, namely the Poisson regression method as a regression method,
and the Maximum Likelihood method as a traditional method, and Kaplan-Meier
method as a method of nonparametric.

For the purpose of applying the theoretical dimensions of the estimation
methods, the Monte Carlo method was used using a programming language R
(version 3.3.2), and several experiments were carried out by producing a random
sample with a Poisson distribution based on sample sizes equal to (n =10,20,30,40
,50,100). Thereplicates for each experiment were L = 5000.

The estimation methods were compar ed by using Mean Squares Error and
wer e reached with generally concluded that the maximum Likelihood estimator was
the best of these estimates because it had the lowest mean error squares compared
to other capabilities, it means, the reliability estimation of the data distributed by
the Poisson distribution the maximum Likelihood method is best for all sample sizes,
followed directly by the Poisson regression method and for all sample sizes.

As for the practical side has made Chi Square test wasfirst on available data that
represent the number of failures of some of the machinesin Dar Al- Warith for printing
and publishing in the holy city of Karbala using a statistical program (Easy fit) shows that
the number of failures are distributed (Poisson distribution), and they trace non
homogenous poison processes, and because the Maximum Likelihood for the reliability
function is the best of these capabilities after an estimated contraction according to a
pilot aspect in this research has been the estimated these machines account under study for
the purpose of identifying efficiency and behavior with time, as a function account
reliability way to measure based on the Mean Time Between Failures (MTBF).
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Aad i) e sl Cgandl 350l ulaaly) (yaae Eigan Adlaia) e jamy dhati[] ain) a3 )58 58
LY glaall O S ade 5 Baaa [RS8y (e ¢ lisnaia mlail) Jaia L 055
T a0 6 8 o) L eamans L3 Syl sae Jias o313l piall i) X S8
1Ol 50 @) s s prall 5 (V) ) sl el 138 oty b sud

e—)[ x

Px)=P(X=x)= por

x=012,.. .. (2-50)

(shia dae 1ol
o5t sl sl e AaS) il AU 13 5 AglainY) &S 13 Jiay (10-2) JS20 5

0.4 1
0.35
0.3 1
0.25 o
0.2 1
0.15
0.1 1
0.05

f(x)

0 - T I.I T T T T 1

17 4,_,_0—
0.8 A

0.6

0.4

0.2 A




[28] O3 32 235342 (10-2) JSal

AV Arally 0 55 G gl 53 a3 53 (Famapanl) a5l Al f) Qi a5 5540 o LS
X
F(x)=Zf(X=i) , x>0 2 - 51)
i=0

e )X

x!

F(x)=P(XSx)=Z . n=0 .. (2 - 52)
x=0

0sS e Binomial distribution)cpasll 63 &) Gl Gl 0 @)
O g sml 0 @5 LTIl ) Aial) a5 «daall T s Tas W () sl
TS 055

Oslsr @5l B naall Ay i Bl sl 5 o) V) Oy Gl s s 5307
(Sl e 5 (2-2) Jsanll i sUaa]

[48] U5l )5 pailal] g (2-2) Jsal)

Properties Formula

Mean

Variance
Skewness

. 1
Median | A+3-0.02/4]
Fisher info. A1
Characteristic function Exp Q(e"-1))

[49] P0iSSON Processes O gl g cllas 7-2

S0 OS5 4 oS4 (Constant failure ratgests Jis Jas (U jaUail (< 13
A gl 0 oSl t3 580 3 aabial) Bl axe Gl ol Bl Gt O el &l G [x daal
(ot Allaia)
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e~ (At)*
P (t) = — ,  x=012,.. (2 -53)

2o

1Ol & ddall &l hae x

a8l Jax 2

O oe st

1Ol A ddl) X & sas Juia) P (t)
e = lim, (1 + 1/)" = 2.71828 (Euler's number) Ll 2= e
At OLDI 8 Jdd sl s g pae Jlaia) Gl el

Py(T) = e_lt(g—,/lt)o = e M (2 — 54)

8 B3 sanal) Gl sl Tk J Jédl) aae Jlain) G R (K) 0wl 50 )il Al 5ol Al oY
A ol e el oS 05 (0,055

k

X ,—At
R(k) = 1—ZM (2 - 55)

x!
x=0

(s Ol g Allaal a6l Ala Aale[0)

(2 — 56)

. P(N(t,t+ At)=1)
A(t) = lim At

:sa (0, 1) sl & Jsall el sae Jan )

 P(N(t,t+ At) =22)
lim =
At—0 At

58 Q) 5 Taad @ il Jiay 53015 (O8] ATV 5l 3l gall sl Jane ) o) 5

0 (2 —57)
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E(N@) = ) x.P(N(D) = x) = At (2 - 58)
x=0

15n (0,1] Al sl (A ) gall il o) s
Var (N (b)) =At (2-59)

IS Ol 136 (¢, €+ At) Al B 3 (3 ciaa Sl sall 1N sl Balad) 65 L2t
Jall Al AL of We ¢ 4+ At st sl px0T5t oSt o8 55l 038 & o B a8
oo A )(¢, €+ AL) s B st Al Gl oy Otaall ) s ASE Ll s

(0sSa e 5 (0, £] 5l 8 Caaad 3l &l sall
tp (t, t+ At) sl 8 Bola gl Gigan ane Jlain) e

P{no events during(t,t + At)} = 1 — AAt + 0(At) ... (2 -60)
52 (t, t + At) 5 el M [J8as) g Aala gas Jlais) e

P{one event during(t,t + At)} = AAt + 0(At) (2—-61)
t (tt 4+ At) 55 3 ST ) Gafiala & gas Jlaia) e

P{two or more events during(t,t + At)} = 0(At) .. (2—-62)
Stochastic) 4l sdall dadaall (8 Laa jil 58 congy Al o ll AN QU ale ISy
(e 43 sl 3 dilee o SHl procesy
L Ly ) (The Stationary properfy) s 4,010 .1

}}”},P(’V(t"‘ At)—=N(t)>1\N(t+ At)—-N(t)=1)=0

Ay C8 gl 8 s Y el of ) L iy 30
(Memoryless properjpSIAll ¢\ i, 1] 2

Bas P(X > 0) =1 S 13 3800 (lasd 0L elliay adly Sl sdall el e J&
DIX>05 620 IS pde i Xowial of i

PX>t+x)=PX>x)P(X>t) (2 —63)
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O A0 55t 8l dry Baas A5 358 8 sy (oA Jdl) 5 cdlaal) 2ae o
A pleall o aaieg ¥ ddiu[J4ula Eigan o g Lt Bl O daany ) Jdll ol sl
L) e (ol oda o) [ U018y el saany 33l (Say ¥ 1T ey dpalll) 5l 4l
oo ske A (R AL e Lo ) A Glaa Y gn sl o ) e i
tLed 5 Gt ) (e 3 () O a9 Gllee andi g A plie Gl pad[]

Homogenous Poisson processasiall (sl o Cliae 1

Nonhomogeneous Poisson procedsésiall e ¢ gul s Slilee 2

(HPP) Homogenous Poisson processes dwilaliall ¢ gl g2 cbles 1-7-2
[16] [35]

Clalee aiiy (0, f 30 bl Cs 2ae S 3 N (1) 22l S sdiall aaiall o J&
[0, YD 5 S NS Janas 85 280 1 g5 ) A Tl 13 Auslaiall ¢35
ADY) [l 4 i 5
T 08 o sy t il 8 Jadll eV 2xe G IN (0) =0 o
5 i o AlE 3 N (£), € > 0}
P(N(At) = 1) = AAt + 0(At) »
P(N(At) = 2) =0(At)

Ay Loall Jida,b] sl 8 &l el oINS sas Jlaia) (5S4l

[ A(e)de]re=la A

n!

P[N(b) —N(a) =n] = , n=20,12..

& sall il oo MELTIN(R,b] (58l i) 0% [a < b ¢ < d] sl ol *
Gl el 2o (e M Sy (a,b] sl & daasd ) eaall 22 o 6l N(c,d]
Independent incrementaiiual a3l LW e T8y (C,d] 38l & Chass
.(property
o JBIP(N(t, t+s=K) L duaay) o580 aie 5 a1l ) Lol clbleal) ddads o)) J, **
[47] .t <l
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e Jaall 4l Bl o yisl) R CIN(t) d3aladl Ggas Sl jlaae ¢ 483 Jiay (11-2) SN

1 sl ay gl [
NG |
5+ T  —
«— Ts—
a4t ————d
«— Ts =
3+ r d
« T3 -
2 JR—'
< Tz ]
1. ; .
e T, —>
0 4 ¥ + t + »
0 Sy S Ss Ss Ss Time

[38] (S;) 000 B Y1 s (T;) ) sall 5 N(E) ool sall sae (p 48311 (11-2) JS)

S Jarall (55805 A [TAN[) 38 I Psdie JS& Sl )l Sipoa oS aie
A goal 3 Aples i LS5l B O lL S Y Ll gl t o JS0 450 40aS 5 Jidl) &gaal
Jamally amsy 535 £ DY Ly ey Jl) Egand TN Jamall OIS 1Y) (a3 Aadlaia
i Lald At S0 41 5T s (Intensity functionaal) Al 4de glhy of ¢saall S
dagall s Ol Alatall e 4 gasd sal) llanl) Aual ) 25 cAuadlaial) o & gnl g3 Siles
Dy iy Gl sall &y gand TN Jomall L (35S0 (A5 4aBl 50 a) glall ol ciVSIL L LY
O

Nonhomogeneous Poisson [16] [19] 4xdlaiall & ¢ guil g2 cloles 2-7-2

(NHPP) processes

A(t) (sal L) Gl gall Egaal TG Janall L (580 ) ¢l 52 e ¢

ilaid) e O gud s lales (e L cleSoba 8t oL il Wl g £l JSIT i)
O, t] sl Q3 S¥ls e Jiey @V {N (£),¢ = 0} N (1) Hlsdadl Dariall of Jlad
ool il 1Y (i e ) £ 0 5 AE S8 JaaTeadlatall e g 50 cililes ai

-

Ay
TS0 s o gt gl 8 Jidll s e ol TN (0) =0 o
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Bl ] e LSl Alsiu b W {N (t),t >0}
AL OLH IO Baa) g ala Sgan Jlaial o) o
P{N(t + At) — N(t) = 1} = A(t)At + 0At (2 —64)
sadl & ddla o] S Gigas Juais) o @l P{N(t + At) — N(t) = 2} = 0At
Jaall Gl At A B
OS5 Aty — ty) Aalnay sml s )55 s (B, £, ] BN (B daal sall dae a5 53 ()
oY) IS Ll Allaia ) 48U A1

[A(t; — t;)]¥e A7t

P[N(t)) = N(t;) =n] = oy

(2 — 65)
Aaslaiall e o g o lilee GEADIUTANS o dusladial) ¢ sl 0 Sllee o Jaa Dl (7

JSaI Lgdy yad (S dadafiall cilag sl Alls 3 B(E) soshall A 5 Jad) Jaal]of L

(Y
h(t)—P(Xzi) i =0,1 2 — 66
i _P(XZi) , 1=01,.. ( )
(®) = (2 — 67)
(ot Ol 0 sl Adlaia ) ASUSH Aa o i h e g
A ,
P=me? , i=0L.. , >0 (2 — 68)
) IS a5l 13gd 5y shadll s () oS5
/12
hi=(+—F+—5+-)" . i=0L. . (2 —69)
NEILEIES
lim (hy) =1 (2 —70)
1l— 00
e*<h <1
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[35] Ggmil 5 sl Al 5rdl) Adla g dalra i85 8D
Estimation of the parameters and the Reliability function

‘ for the Poisson distribution
acinall A1) (ailadll cuy j3i A adia[lg) clalaal (Estimation yasil) 4l ()

L“;;il.t.a;\g\ dym}“ :\:\SA.C L_; X.A@_AS\ d:\LA.H.AM u[ );\JST\M J".!} ‘L“i\‘i:a“ MD L"\'q\.n ‘:'53]\
Gl Ge o Al aadinall lala[] paii & bl S5 3 (Statistical Inferencés
Al Ll a8 adinal) G s de Gl lgle J sanll 4 Cilelias)

ale d;@\e@}gﬁw\ 03l c.l.u.n}mﬂdu (/1) WDUJM\}\@J}J %), Hu\ Ol
bl i Lgd ot ) ALl Aay ) e Gl 1Y Al Sl 55 sas) aladiuly
S @ikl saa damdY) &8y Hhall i[5 leade Slaie YU A 5aall A i 5 5 daleal)
el 138 Lgad A i gan

el DU 5 dpalaall Lgi[TBae 85 (33 )] ligh
Dot Lo Ll i) o8y (s T L) dpaleall a1 08 550 sl 010
Poisson regressiop s s laxi) e
Maximum Likelihoo@key! (S Yl e
. Shrinkage Methaqglkill 44, (e

. Kaplan — Meiep:[— oUS 46 5[ & 5 dala [V 46y 5[ e Slad

[15] Cogmad 33 haad) ARy sk aladiady dulaal) Adla uaid 1-8-2
Poisson regression method

Ol 53 Sllee aii Jdl) @ Jaxe of sl dpe bl sl el 8 dadail) dul o 2ie
Order) «u,_ssasl lie) e t oDl 315 clleal) o2 85 (NHPP) duslaidl e
ol 058 Jadll e s o <t < t, sl ¢ < t, < - < t, of I (Statistic
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Ssas ) i Vs NSay N 5 B 5 sl ol Ll gl el kil g
Dependent) lacix[11 53 IN(t) Jddll <l ylae of Jlie) e bl & Hle olal
(Independent variabjeiis 1 s 53 (Say gl t OIH) e 4ad 8 Mixy (Variable

1 V) ISl sl syl Alala g 58

N(t) = a + Bt; + ¢ 2-71)
LoDV & Jad e N(E) of dus
Gl oo < paaiall c A8e Al Gayl e o A4y Hhall 03¢y () gl g3 @) 98 Aalm [yl
Jranid da A0 [ 1) Ll g any () sual g0 AN ol oy e 5l S @llh g (gl 53 a3 53
Sl

At) = a + Bt (2 -72)

Akiia AaiS aual i) (Ka[Allaall Grar e Jhal) sl o a5 cilnla 23 saill 13gd (<)

omall Agall 3 (gl sl loal) Jansl) o Cpn (8 Al w 30L O OSIYL o m 38
el 3l 25 Sl 30 g ASE o3 Taned) Jal (585 Al e 5 S iy

il il 1IN 4e sea[Jdd o Waaas iy 4 Jail) Jax 0] G (i ¢ gl 50 lans) 88
Y Aaally (bl i e gl 23 gai A ki I3gy s (£75)

loglt =@+ fity + - Pty (2 —-173)
1= exp(& + Bty + ---Bntn) (2-74)
= exp(Q) exp([;’tl-) (2 —-75)

Apr = exp(@) exp(Be) (2 —76)
) Haally (gl g lan) ARy s A 5240 Al s ()5S SIS
k

. Ap)¥eer
Rpr=1—zL (2-77)

x!
x=0
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30] [38] Maximum Likelihood method akie¥) ¢\say) 45, b 2-8-2

LeisS il A aladiinn¥) Aailiall g dagall (330 hall (s 5 alae W) STY) A8y 5[] a8
Llal Bl 5 aullal) 5ol § il i Baua (aibal ] paals

s g adinall JS i o L) o il JSy o i alae Y1 Y A3y 50
iy 23 ey 3 (Probability density functionalaiay) 485 dls alaeh o3 311 e
L;‘L\ Loy LY Adla

AUS Al Al a1 A sa [N paa 4300 sie de S 8004 g X0y Xy, S 1)
3 s (Maximum Likelihood functiondae ! GlSTY1alls glé £ (x, 1) dallaia)
0 sl L AS il Adlaiay) Al o (L) S0 L

L={f(x,A).f(x,A) .. f(x0, A) (2 —-178)
n
L= 1_[ £ A) 2 —79)
i=1
) IS (0S5 (0 el g2 a5 alae ) GISTY) Ay (d ade
= Nig=4
L(xy, x5 Xy, A) = 1_[ ' (2 —80)
L x!
n
1
L(xy, x5 Xy, 1) = e MAAXN 1—[— (2 —81)
=1 i
bl iy e sl 30 IO o elld 5 adl) JSEN ) el st camy GISCYI Al 5085 (ja j2l
bl 8yl
n
InL =-nA+Yx;LnA—Ln Hxi (2-82)
i=1
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\akae | GISTYY AN Jrast 30 5( Scale parameter) osl) dalea 4y il 4ol sy
Aalaad) ) s A1l diiall an oSy

aLn L Liz1 Xi
_ = 2 —83
P T3 ( )
Mh\}&“d@’bd@uéww\ﬁ‘jw‘j
n
N 4 X
A=%=f (2 — 84)

U e heall Wiy ol o3 alae Y1 GISTY) O 5 caa gl ds pal) Adaiall s ol
D[l i ST (1 - 00)  AdedU (i e 5l (1 = 0) Ltall G Al
Al A Lanains A0l Aaidall 300 alae W) S3aN & a6 oS oSl g o} O alae ) ASLY)

L X G (yimy g i

d,In L X
Y Ry (2 — 85)
— =X _ TNX _ —
= 72 = %2 = ? (2 - 86)

851 o Bl 3 A3 s (8 2 ¢ 3 5 Al alie 1 STY) S8 Ay il 1
43,k o2a juai A (Invariant property )bl 40\ ) bl s abae ) Sy

k ~ -
" (Aypg)" e~ mLE
x=0 '

[39]143] Shrinkage method alill) 48, 0 3-8-2

Gl a8 aaiad 3) Al Y el o sadiaall el 331507 (gan) (aldill A& 5[] 2a

a5t Y Al sde Gl i A W et o slhall y A seaall Clalaall o (al yi8) e palil
A a8 e palilll dale[3 . R Ul Ja[de 5 0 paliill dale[ de aaind gl LS ¢ n[]
il Caly JS (la Al G A JLa[ Y sas 5[ Aaal ] 25a panls edal ) il plaally aalil
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sda Ol e[ Jolad) ) opfialll Gany aad il AAIS LGl Siay ae) g8 Way Aal] 2asy O
et ol 138 (ST Clalaall o3¢ Al Y1 adll 0S5 o (Say Aalaall e 30 5Y1 Ol slaall
Oe by (sS5 Claleall 03¢ (50 @01l i alaie) (Says NI Gandl (6l s 380
e YV STV Ay HhaS 230 5f [ sle [ Trrpail daleall Ao 2p0a3 & Sl

(R(t)) % dad L) lia[( Ry () A3l Al e Al el [ple] i 55 2ie I
A 5aall Ao Galiall ppadill ¢ S S Hall Z[3 005 (0) waliill Aala a5 5[]

V) dapally 0 5S5 il ) i) (Thompsonyas &l 3 3l o)

Ryuy() =0R(t)+ (1 —0)Ry(t) 0<6<1 (2 —88)
o3
.(Shrinkage Coefficiept=lill J[t[1:0
oaliil) 48 play A 5adl) Ay (1 1R (£)
Adsadl Al aid) e N B R(Y)
A el Aol A5V Al Jia : Ry (£)

Ry, sl (S LI (MSE) Uaall il [ 1da i daad Al Gadd maai (Saall ol
L B3l s 5 Ul ey 50 3 R Sl e S8R0 e e
MSE(Rg,(t)) = E[Rsn(t) — R(D))? (2 —89)
= E[(eﬁ(t) +(1- 9)R0(t)) —RM®? .. (2 — 90)
rste Jani Janail) a5 115 5S3al) dapall GR () [ 15 Alaly
MSE (R (£)) = 02E{R(£) = R(E)} + (1 — 0)%{Ry(t) — R(D)}?
A5l A5l aai (Sl TIJH R (£) iall Uakll iy s s It 1 ) i Sl
ole Joanb ¢ 0 ) Al Tl 5 5 5€30]) Alslaal

PO _ 2R ~ R 201~ )(Ro(0) ~ RO
ele ot a2 5]
20 MSE(R()) —2(1 — 6)(Ro(t) —R(t))?* =0 (2-91)
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6= (Ro(t) ~ R())*/[MSE (R(®) + (Ro(t) = R(®)?] ... (2-92)

A el any (alidl) 46 )7 Jleinls (P0iSSON a5t Al 5ol Ala i () oK adle
Ren = OR(6) + (1 — 0)Ry (1) (2 -93)

125] [29] Kaplan Meier method s — LS 48y 5k 4-8-2

x5l (Kaplan and Meier(1958))x[5 GhlS Leasil Al dada U il k) (08
028 3,00 o H() Lemsentl 5 shadl) Ay 08 L oy 5V ol 5[] elligh 4l 5aal) Al
Ampanil) A8GSY A0 oot Al A8 i U 5al) s I I il Ll h(t) 5 shaall A1
5y shal) Alla s A ) Ay o) Q) o 555 A0
Jo¥) e — S Giglud -1
(Rank)is,) Jas JS elac) 5 Laclas (dUaal) axe ) Jidll cli gl i 55 o
Sl asms el 22 ce 5 ke & 5 shall Al o Cus (M) soshall Al Clus o
k - . .
= L S0 s gl )
Ch(t) = —— S s s
Oaall dae Jiad k

Al
Ll aaan

H(t) = [h(ty) + h(ty) + - h(ty)] :0l I H(t) Sass o

Ri(t) = exp(—H;(t)),i = 1,2, ... :0} 3¢ Ry() LWzl il o
A e - QLS gl -2

(ol 3 bl e e o aaing Al F(E) i o

(Symmetrical CDF3zeS) jill LU dllay ansl [ 08 5 F(t) = @ SF(t) = %
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s F(t) = (l 03) Sl (Mean Rank)sbeall Jav ol 45 51 el 45 F(t) = : o
.(Median Rankje sl 45 50 (ansil[]
-0l G Amsaatdl) J38ll Ala 5 ghdll Al Cla (S o
F,
Fivy — F _
hi() = =25 (2 —94)
15 st N A5l A1y il LT sl Sy o
Le - QUS Ak R(E) e Jeanileias o
n
Rivny = ﬂR(Hl)(t) .R; (2-96)
i=1

RC-OUSY Y5 il A 5aall Ala A R, of 3
A OLST S 5 jaaal) Ay gadll Ao A ﬁ(m)
A (3 ke G A5 Bl gl 92

3.'1)13.45\ USA.\ c@j&.ﬂ\ M\JJ @Jﬂ\ Aaledl ﬁ.ﬁﬁ\ LB:"J] ub\J’jM\ chL@-’u‘)f\ Az g OS{\J
=Y pe et (U158 5 Slma) iy Taldie] oy Cogu 5 L |0 48 paad 3R G
AV Al (335 0alag) Sy 53 5 (Mean squared erroball a e 5]

MSE (R(t) Z(R O —R®))? , i=12..L .. (2-97)

4 ,a3 S (Replications )= ) Sall axe | o dus

onl) 3 aadied) sl e R(E) LSO R(Y)
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Preface 4« 1-3
o3 o G gmuid 53 @58 g 5 iy 2 gl BLSIaall G sbul aladiuly o gt Juadll 1
Cas 5 3 38 5 ¢330 pall o8 G A laal o5 A Jaadll 3 ¢ jS3 ) il lally A0 Saal) Al oy
128 e 3l pasall dliadl (s 40 Hal) Jal (e las) (lieS MSE) el ey e dass i
Cam e aandly Aalall 3LSlaall 4 jail Ciaa 5 GlIAS 5 3LSIaall dalall aspliall Giany e Juail)
o Al BSLaall 4y ja3 il iy 5 Alaniusal) dpal 38Y1 U1 sall 23las Gl 5 520 5AN il slaa]
Aalll J8 (e 40U a3 (A gl ) Chua g5 gale J sl
(Simulation) slstaal) 2-3
Cosbl S Cus dAllatl y dpaly N ALl Jihiay oanha el ce 3 ke SSaall o
Caalll o gy G cpfialil) s 40 slSlaalld Al yal) 3 opfiald) aelun 40 juasd) 43 BlSlal)
pae Ala 8 Tas Bade gd cAipme Al Al ol 23 sad eliyg aranal 2xy (laalie) clily a5
iy o Jpamall (Sa Cun dilSe G585 ) Lo Jganl) Alaia) i 4 sllaall bl i g3
[5] Assloall a8 adl 5l (e Ay )8

Llen) sl 2y ol Jiay gali y qodns (A Apall alasiinly slSlaall 4lu) gsalad) (g

o2l ol Al Tas Taina ol ol 130 0 5Ss Le Llle 5 aYT a8 a8l 5l o jlie S Adiial)

Gl sbra ary off (S 88l sl (8 Gl (g a1 e g dplal) gy b AL b ) e

b Ay ST 0S5 dal) a8l 5l dglie Y BlSlaall z3lais codliy (s Rl 4815l e Baia
[4] Lo Laliiuall e glaall g il

V) oa Lo slSlas 3y ad (ol of S ccilaalie 2l 55 ot 5USLaall o slasl alasiud Jal e Jl o
s_oalall Jiaal) aal Y aaiaall (o Ll o3 a3 Ailaall g1 (e (ama £ 53 0 Bl
(il adinall o o ) (e Y d s paall

vie G delua o @l b Al ol il Aaadld slSlaad) slul Jasiod L Glle
Al 5 by e Al ekt Jd LR Lsll o3e e Slad lee a2
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4y klls « (Analog Method) 4 bl 44 )l :lgie slSlaall dilise 33 )k cllia
&3 By « (Monte Carlo Method) s)S s 435k, ¢ (Mixed Method) 4kabiaal
o35 A5kl o3 o 3 Yleaind La STy @k el (e xS SIS i 38k alie)
ABLYI delua a3 sl aainall Slay gk aadae e 2 Sl Gl Cullud 3kl g
LY s Gy il e 3 0l )8 i ge A8y yha aad 3 Ad g pally A3 hall 038 Jliai g ) sudial)
Uiy By IS (A sl duleay alAll ARG jandl g saae Dl jal dolaall ) S5 Gk e
A gl a8,V a5 e Mise ()5S 5V Ay il 8 A0 saiall a8, s () 3 A sulially SIS
[12] .13Sa 5 450l 45 a3 4

BlSlaall 4 a5 Jal e ciuay 1-2-3

ie\ua Ganafis (R 3.3.2) gt Jlenials Galall (38 el 31Skaall geals s S 4
Ol 30 s A 5akl) Al g sl Aalen 50l Aaga s pmlnd ) o Aay )l 31SLadl) 23 53)
(sl e A
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) cuilad) S Juadlf

A il )8 s (Tl
A3 JS1(L=5000) ) L sbae il a3l ) S5 i) o
cdanl) dse s slad
25 Ol sl A Gl Al 5 Leky )b e oy Al el 0 (aed 331 o
Jhe (k=1,2,3,4,5)
(ULl g5 Ada pa); 45K s jal)
AV Jal ) aciad il dagall Jaljall (go 55 3 gl Y1 afll sl Als e 4
sand gl Aabeall 53 (a2 w3 Ol pdiall puiall g L Als el o3 g cledle
ot LS SIS a4y )l (38

Aallaia) AL Alay ), Aalnalls G sl 52 225 55 s (A sie e X OSH -1

A*
— — — -1 N _

(Uniform Distribution) ahiall aysill aiii G 4 gdall SacY) a8 a8y -2
(OJJEJﬁﬂL;DtJdeL)duA\
OSN) (X =15) 0585 Pl sdall paiall e (8 -3

i-1 i
Pj <UL Pj ,i=0,1,2,..n .. (3—-2)
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) cuilad) S Juadlf

(A ) A ya) sda) 1) Al jal)

ol aladily GANEN Ads yall 8 Lastag) a3 Al ol A8 G 40 el Ada je o
e 4] Ulima ol e 3 e a5 R(K) L%iall (MSE) Uadll ey Jaus s (lan!

((36-2) Aalaall o 5 ol 538al1 3668 (A0 jlaall ale ylige 585 il

BlSlaal) @ilii-2-3

e Y LY 5 (Pr) Ol s lasdl) padill (§il yha slSlae il Jilat s e oLy
(2-96) 5 (2-93) 5 (2-87)5 (2-77) <V sball v 5 (KM) LS 5 (Sh)liil 5 (ML)
A &l o (7-3) 5 (6-3) 5 (5-3) 5 (4-3) 5 (3-3) 5 (2-3) Jshaadls el sl (e

‘sl axeal 5 (100,50,40,30,20,10) <ilivall dlaal gaand 4313241

2=0.1 Lavie A0 5all A3 i 3 5¥1 4 5l (2-3) Jsanl

n K Rpear Rpr R R Rim
1 0.95956 0.99526 0.93686 0.94049 0.96676
2 0.87531 0.91771 0.84591 0.85061 0.88486
10| 3 0.73489 0.79199 0.69079 0.69784 0.74749
4 0.55973 0.62163 0.50083 0.51025 0.57938
5 0.38385 0.45315 0.31755 0.32815 0.40708
1 0.95956 0.98296 0.93746 0.95418 0.96886
20 2 0.87531 0.91171 0.84021 0.84723 0.88651
3 0.73489 0.77709 0.69399 0.70217 0.74869
4 0.55973 0.61103 0.50973 0.51973 0.59043
5 0.38385 0.44355 0.32545 0.33713 0.43055
1 0.95956 0.97846 0.97066 0.96188 0.97524
30 2 0.87531 0.90051 0.89941 0.88023 0.89951
3 0.73489 0.77939 0.76839 0.74169 0.78609
4 0.55973 0.61733 0.60633 0.56915 0.61953
5 0.38385 0.44735 0.43635 0.39445 0.44535
1 0.95956 0.9196 0.95056 0.95784 0.98034
40 2 0.87531 0.77454 0.86481 0.87329 0.90751
3 0.73489 0.58093 0.72159 0.73231 0.78954
4 0.55973 0.40261 0.53033 0.55393 0.63073
5 0.38385 0.2936 0.33925 0.37501 0.46375
1 0.95956 0.96656 0.96776 0.96120 0.98576
50| 2 0.87531 0.88456 0.88421 0.87717 0.91379
3 0.73489 0.74589 0.74502 0.73699 0.80071
4 0.55973 0.57811 0.57521 0.56290 0.63811
5 0.38385 0.40611 0.40343 0.38784 0.46611
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gl ilad)

RReal

(3-2) Jsaall dless

Rpr

RML

Rsp

S Juall

RKM

0.95956

0.97341

0.95742

0.95989

0.98026

0.87531

0.88219

0.87124

0.87003

0.90292

0.73489

0.73873

0.72757

0.72581

0.77837

0.55973

0.56897

0.54720

0.54591

0.61469

0.38385

1=0.11 Levie 0322 Ay a8 A6 4 il (3-3) Jsaal)

RReal

0.41079

RPT

0.36623

RML

0.36634

Rgp

0.44478

RKM

0.97342

0.99652

0.95332

0.95653

0.97921

0.91155

0.93985

0.88625

0.89029

0.91829

0.79814

0.83594

0.76334

0.76890

0.80814

0.64221

0.68781

0.59961

0.60641

0.65541

0.47066

0.52696

0.41736

0.42588

0.49286

0.97342

0.99122

0.95692

0.96022

0.98312

0.91155

0.93685

0.88755

0.89235

0.92275

0.79814

0.82854

0.76904

0.77486

0.81194

0.64221

0.67651

0.60921

0.61581

0.66021

0.47066

0.51466

0.42796

0.43651

0.49456

0.97342

0.99522

0.98422

0.97568

0.99552

0.91155

0.94455

0.93355

0.91605

0.94485

0.79814

0.83474

0.82374

0.80336

0.83864

0.64221

0.68311

0.67211

0.64828

0.67666

0.47066

0.51796

0.50696

0.47802

0.52066

0.97342

0.94429

0.96502

0.97182

0.99782

0.91155

0.82628

0.90165

0.90965

0.94928

0.79814

0.65517

0.78564

0.79572

0.84364

0.64221

0.46761

0.62551

0.63894

0.69786

0.47066

0.30473

0.44806

0.46622

0.53186

0.97342

0.97852

0.98063

0.97494

0.99901

0.91155

0.91819

0.91989

0.91329

0.91552

0.79814

0.80731

0.80721

0.80003

0.84831

0.64221

0.65521

0.65442

0.64472

0.70223

0.47066

0.48917

0.48820

0.47425

0.54151

0.97342

0.98606

0.97286

0.97268

0.99588

0.91155

0.91771

0.91030

0.90885

0.93479

0.79814

0.79630

0.79374

0.79252

0.83428

0.64221

0.63721

0.63532

0.63398

0.68186

OARWINFPO|RWINFRPIORWINFPIORWIN|PRPIORWIN|RPIORWINP] R

0.47066

0.47304

0.45999

0.45845

0.51887



) cuilad) S Juadlf

=0.12 Leie 0322l Ay a8 L 4 50l (4-3) Jsaal

RReal ﬁPr ﬁML ﬁsh ﬁKM
0.98264 0.99988 0.96374 0.96676 0.98766
0.93811 0.96131 0.91771 0.92094 0.94503
0.84872 0.87732 0.82312 0.82721 0.85671
0.71595 0.75065 0.68425 0.68932 0.72447
0.55411 0.60121 0.51231 0.51705 0.56952
0.98264 0.99344 0.97314 0.97504 0.99164
0.93811 0.95651 0.92081 0.92424 0.94851
0.84872 0.87032 0.82842 0.83248 0.86002
0.71595 0.74365 0.68955 0.69483 0.73165
0.55411 0.59091 0.51861 0.52571 0.57112
0.98264 0.99821 0.99144 0.98450 0.99587
0.93811 0.96112 0.95521 0.94051 0.96011
0.84872 0.87742 0.86642 0.85236 0.87529
0.71595 0.74935 0.73835 0.72053 0.74699
0.55411 0.59681 0.58581 0.56054 0.59581
0.98264 0.96217 0.97494 0.98118 0.99594
0.93811 0.86886 0.92881 0.93624 0.96871
0.84872 0.73796 0.83872 0.84680 0.89082
0.71595 0.54033 0.70155 0.71315 0.76765
0.55411 0.36687 0.53841 0.55104 0.60631
0.98264 0.98794 0.98925 0.98404 0.99354
0.93811 0.94544 0.94504 0.93948 0.97544
0.84872 0.85765 0.85665 0.85038 0.88961
0.71595 0.72515 0.72420 0.71768 0.76687
0.55411 0.56521 0.65284 0.57392 0.61521
0.98264 0.99326 0.98339 0.98319 0.99789
0.93811 0.94331 0.93713 0.93694 0.96435
0.84872 0.84835 0.84687 0.84605 0.87886
0.71595 0.70533 0.71111 0.71064 0.75126
0.55411 0.54691 0.56393 0.54838 0.59454

QB IWINRFRPIORWINFPIORWINRPRPIORWIN|RPIORAWINRORWIN|P] A

1=0.13 Loie G500 &3 s a1 el (5-3) Jsaall

n K Rpear Rpr Ruy R Rim
1 0.98875 0.99556 0.97325 0.97573 0.99326
2 0.95706 0.97926 0.93786 0.94093 0.96259
10| 3 0.88841 0.91281 0.86701 0.87043 0.89441
4 0.77684 0.80914 0.74754 0.75222 0.78611
5 0.63181 0.66911 0.59751 0.60298 0.64503
1 0.98875 0.99835 0.98045 0.98211 0.99555
20 2 0.95706 0.96746 0.94796 0.94978 0.96512
3 0.88841 0.90541 0.87271 0.87585 0.89781
4 0.77684 0.79824 0.75674 0.76076 0.78825
5 0.63181 0.66651 0.59841 0.60508 0.64581
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gl ilad)

RReal

(3-5) Jsoall L5

Rpy

RML

Rsp

S Juall

RKM

0.98875

0.99977

0.99575

0.99025

0.99632

0.95706

0.97626

0.96526

0.95880

0.97629

0.88841

0.91151

0.90051

0.89093

0.91174

0.77684

0.80614

0.79514

0.78060

0.80622

0.63181

0.66741

0.65641

0.63682

0.66741

0.98875

0.97348

0.98325

0.98773

0.99794

0.95706

0.90011

0.95031

0.95579

0.97649

0.88841

0.77209

0.88031

0.88687

0.92294

0.77684

0.60593

0.76673

0.77490

0.81914

0.63181

0.43362

0.61911

0.62934

0.67831

0.98875

0.99361

0.99358

0.98979

0.99557

0.95706

0.96251

0.96311

0.95834

0.98611

0.88841

0.89477

0.89552

0.88991

0.92247

0.77684

0.78654

0.78486

0.77852

0.82593

0.63181

0.64211

0.64087

0.63369

0.68690

0.98875

0.99711

0.99018

0.99005

0.99772

0.95706

0.96190

0.95766

0.95749

0.97818

0.88841

0.88371

0.88762

0.88721

0.91442

0.77684

0.76500

0.77405

0.77325

0.80915

QBRWINFRP|ORWINFRIORWINRPIORWINFL] R

0.63181

0.61882

0.62556

0.62469

0.66801

7=0.14 Letic L0500 A 068 Lsalal) 4y el (6-3) Jsan

RReal

Rpy

RML

Rgp

RKM

0.99281

0.99745

0.98311

0.98465

0.99606

0.97075

0.98915

0.95535

0.95781

0.97549

0.91931

0.93951

0.90211

0.90485

0.92485

0.82926

0.85606

0.80546

0.80926

0.83607

0.70321

0.73531

0.67411

0.67876

0.71098

0.99281

0.99875

0.98511

0.98664

0.99711

0.97075

0.98045

0.96235

0.96403

0.97701

0.91931

0.92971

0.91021

0.91202

0.92821

0.82926

0.84066

0.81916

0.82118

0.83946

0.70321

0.72181

0.68591

0.68937

0.71382

0.99281

0.99991

0.99781

0.99390

0.99792

0.97075

0.98915

0.97815

0.97233

0.98921

0.91931

0.93831

0.92731

0.92100

0.93885

0.82926

0.84956

0.83856

0.83122

0.85028

R WINR|ORWINR|O|RWIN|FR] R

0.70321

0.72971

0.71871

0.70641

0.73285

0.99281

0.98078

0.98981

0.99228

0.99821

0.97075

N
o

0.92472

0.96579

0.96984

0.98117

0.91931

0.81907

0.91171

0.91786

0.94105

0.82926

0.66875

0.82036

0.82756

0.84448

0.70321

0.46935
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0.73527



gl ilad)

RReal

(3-6) Jsaall dless

Rpr

RML

Rsp

S Juall

RKM

0.99281

0.99509

0.99621

0.99356

0.99784

0.97075

0.97521

0.97481

0.97164

0.99119

0.91931

0.92596

0.92496

0.92051

0.94996

0.82926

0.83726

0.83646

0.83078

0.87006

0.70321

0.71181

0.71122

0.70489

0.75407

0.99281

0.99936

0.99535

0.99516

0.99842

0.97075

0.97659

0.97212

0.97196

0.98772

0.91931

0.91505

0.91982

0.91982

0.94126

0.82926

0.81451

0.82812

0.82812

0.85231

R WINFR|O|RWINFP] R

0.70321

0.67696

0.70025

0.69965

0.73304

1=0.15 Leaie A 5aal) Ay i dudlidl 4 jal) (7-3) Jsaal

RReal

RPT

RML

Rgp

RKM

0.99551

0.99821

0.98781

0.98903

0.99839

0.98051

0.99171

0.97231

0.97361

0.98414

0.94332

0.95542

0.93422

0.93567

0.94792

0.87345

0.89265

0.85725

0.85984

0.87918

0.76864

0.79094

0.74934

0.75242

0.77554

0.99551

0.99903

0.99041

0.99142

0.99781

0.98051

0.98911

0.97321

0.97466

0.98514

0.94332

0.95262

0.93532

0.93692

0.95017

0.87345

0.88485

0.86335

0.86537

0.88351

0.76864

0.78514

0.75344

0.75648

0.77895

0.99551

0.99994

0.99881

0.99626

0.99872

0.98051

0.99561

0.98461

0.98142

0.99561

0.94332

0.96052

0.94952

0.94466

0.96052

0.87345

0.89435

0.88335

0.87553

0.89435

0.76864

0.78964

0.77864

0.77074

0.78964

0.99551

0.98584

0.99451

0.99538

0.99883

0.98051

0.94354

0.97716

0.97992

0.98681

0.94332

0.85647

0.93777

0.94229

0.95172

0.87345

0.72691

0.86469

0.87178

0.88555

0.76864

0.56531

0.75963

0.76692

0.78084

0.99551

0.99749

0.99649

0.99577

0.99881

0.98051

0.98304

0.98204

0.98088

0.99135

0.94332

0.94794

0.94694

0.94412

0.96188

0.87345

0.88118

0.87918

0.87467

0.90118

0.76864

0.77854

0.77754

0.77051

0.80854

0.99551

0.99809

0.99856

0.99854

0.99900

0.98051

0.98549

0.98274

0.98299

0.99355

0.94332

0.93926

0.94545

0.94544

0.95921

0.87345

0.86026

0.87391

0.87378

0.89319

QR IWINFRPIORWINRFRPIOIRWINFPIORWINRPIORWINRPIORWIN|P] R

0.76864

0.74562

0.76753

0.76723

0.79063



) cuilad) S Juadlf

Uasll ilay yo Jas sie (3338 (3-13) 5 (3-12) 5 (3-11) 5 (3-10) 5 (3-9) 5 (3-8) Jshaall
((KM) S 5 (Sh)u=liill 5 (ML) alae ¥V eyl s (Pr) Gsml s Jlasdf) sl 33l )kl
: il aaead s (100,50,40,30,20,10) cibisel) alaal areal

A=0.1 A s¥) A yaill jasill 33l yhal Undll Cilay ye Jaws sia (8-3) Jsanll
Pr ML Sh KM

0.003274 0.001515 0.001363 0.003069
0.003797 0.001864 0.001609 0.003552
0.005260 0.002944 0.002372 0.004926
0.005831 0.004469 0.003447 0.005469
0.006802 0.005395 0.004101 0.006395
0.002488 0.001488 0.001028 0.002086
0.003232 0.002232 0.001788 0.002125
0.003672 0.002672 0.002070 0.002190
0.004501 0.003511 0.002611 0.002942
0.005410 0.004410 0.003182 0.005214
0.002357 0.001123 0.001005 0.002245
0.002635 0.001580 0.001024 0.002585
0.003980 0.002122 0.001046 0.004621
0.005317 0.003171 0.001088 0.005576
0.006032 0.003756 0.001112 0.005782
0.002125 0.001081 0.001002 0.002431
0.002161 0.001110 0.001004 0.003036
0.002240 0.001176 0.001006 0.004986
0.002998 0.001864 0.001033 0.007041
0.004190 0.002989 0.001078 0.008384
0.002068 0.001067 0.001002 0.002756
0.002111 0.001079 0.001003 0.003582
0.002151 0.001102 0.001004 0.006503
0.002386 0.001239 0.001010 0.008347
0.002555 0.001383 0.001015 0.008982
0.002463 0.001255 0.001080 0.002518
0.002788 0.001573 0.001286 0.002977
0.003461 0.002004 0.001500 0.004646
0.004207 0.002849 0.001836 0.005876
0.004999 0.003587 0.002098 0.006953

QB WINRFPIORWINFRPIORWINRPIORWINRPIODWIN|RP|O A~ W|INR] R

2=0.11 45l 4 jaill @l 5l el Uadldl cilay e Jaus 5ia (9-3) Jsasll

n K Pr ML Sh KM
1 0.002533 0.001404 0.001285 0.002404
2 0.002800 0.001640 0.001451 0.002640
10] 3 0.003428 0.002211 0.0018%4 0.003211
4 0.004079 0.002814 0.002280 0.003814
5 0.005169 0.003840 0.003004 0.004840
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) cuilad) S Juadlf

(3-9) Jsaal) AL
1 0.002272 0.001272 0.001174 0.002094
20| 2 0.002576 0.001576 0.001368 0.002125
3 0.002846 0.001846 0.001541 0.002190
4 0.003089 0.002089 0.001696 0.002324
5 0.003823 0.002823 0.002166 0.002571
1 0.002255 0.001116 0.001005 0.002488
30| 2 0.002389 0.001484 0.001020 0.003108
3 0.002639 0.001655 0.001027 0.003640
4 0.003022 0.001894 0.001037 0.003187
5 0.003237 0.002317 0.001054 0.004511
1 0.002112 0.001070 0.001002 0.002595
40| 2 0.002146 0.001098 0.001003 0.003423
3 0.002216 0.001156 0.001005 0.004070
4 0.002357 0.001278 0.001010 0.005098
5 0.002615 0.001510 0.001019 0.005745
1 0.002040 0.001051 0.001002 0.002697
5| 2 0.002063 0.001069 0.001003 0.002027
3 0.002109 0.001082 0.001003 0.004649
4 0.002204 0.001149 0.001006 0.005761
5 0.002392 0.001307 0.001012 0.007205
1 0.002287 0.001183 0.001093 0.002456
100! 2 0.002535 0.001374 0.001169 0.002665
3 0.002788 0.001591 0.001286 0.003553
4 0.003081 0.001845 0.001406 0.004038
5 0.003648 0.002361 0.001651 0.004973

2=0.12 AW & jaill il 530kl Undll ey ya Jaws 5ie (10-3) Js2al

n K Pr ML Sh KM
1 0.002479 0.001357 0.001252 0.002357
2 0.002542 0.001412 0.001290 0.002412
10 3 0.002817 0.001655 0.001462 0.002655
4 0.003204 0.002004 0.001709 0.003004
5 0.004218 0.002944 0.002372 0.003944
1 0.002090 0.001090 0.001057 0.002081
20| 2 0.002295 0.001295 0.001189 0.002110
3 0.002412 0.001412 0.001263 0.002127
4 0.002696 0.001696 0.001446 0.002246
5 0.003260 0.002260 0.001806 0.002289
1 0.002091 0.001077 0.001003 0.002432
30| 2 0.002229 0.001144 0.001006 0.002488
3 0.002323 0.001313 0.001013 0.002705
4 0.002515 0.001501 0.001021 0.002963
5 0.003023 0.002004 0.001041 0.003738
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(3-10) Jsaadl dlass

1 0.002090 0.001059 0.001002 0.002176
40| 2 0.002129 0.001084 0.001003 0.002942
3 0.002148 0.001102 0.001003 0.003772
4 0.002275 0.001207 0.001007 0.004672
5 0.002320 0.001246 0.001009 0.004724
1 0.002043 0.001043 0.001001 0.002567
50| 2 0.002076 0.001049 0.001002 0.003500
3 0.002104 0.001062 0.001002 0.003780
4 0.002110 0.001068 0.001002 0.004726
5 0.002153 0.010749 0.001393 0.005895
1 0.002221 0.001126 0.001063 0.002323
100 2 0.002315 0.001197 0.001098 0.002691
3 0.002462 0.001309 0.001149 0.003009
4 0.002681 0.001496 0.001237 0.003523
5 0.003156 0.003842 0.001524 0.004119

2=0.13 gl )l &y paill puasil) 33kl Uadl) ilay ya Jas s (11-3) Jsaal

n K Pr ML Sh KM
1 0.002342 0.001240 0.001169 0.002240
2 0.002492 0.001368 0.001260 0.002368
10| 3 0.002595 0.001457 0.001323 0.002457
4 0.003043 0.001858 0.001605 0.002858
5 0.003391 0.002176 0.001830 0.003176
1 0.002272 0.001272 0.001174 0.002094
20| 2 0.002576 0.001576 0.001368 0.002125
3 0.002846 0.001846 0.001541 0.002190
4 0.003089 0.002089 0.001696 0.002324
5 0.003823 0.002823 0.002166 0.002571
1 0.002124 0.001049 0.001002 0.002333
30| 2 0.002368 0.001067 0.001003 0.002369
3 0.002533 0.001146 0.001006 0.002544
4 0.002858 0.001334 0.001014 0.002863
5 0.003267 0.001605 0.001025 0.003267
1 0.002059 0.001030 0.001001 0.002146
0| 2 0.002080 0.001045 0.001001 0.002377
3 0.002106 0.001065 0.001002 0.003192
4 0.002151 0.001102 0.001003 0.003789
5 0.002222 0.001161 0.001006 0.004162
1 0.002037 0.001023 0.001001 0.002474
50| 2 0.002045 0.001036 0.001001 0.002921
3 0.002058 0.001050 0.001002 0.003250
4 0.002121 0.001064 0.001002 0.004539
5 0.002134 0.001082 0.001003 0.005181
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(3-11) Jsaall AL

n K Pr ML Sh KM
1 0.002167 0.001082 0.001043 0.002248
2 0.002214 0.001121 0.001063 0.002421
10| 3 0.002308 0.001194 0.001098 0.002707
4 0.002516 0.001353 0.001177 0.003237
5 0.002826 0.001628 0.001315 0.003597

2=0.14 daselall 45 pill yuail) 350 el Undll Cilay ye dass gie (12-3) Jsaadl
Pr ML Sh KM

0.002161 0.001094 0.001066 0.002094
0.002338 0.001237 0.001167 0.002237
0.002408 0.001295 0.001208 0.002295
0.002718 0.001566 0.001399 0.002566
0.003030 0.001846 0.001597 0.002846
0.002059 0.001059 0.001037 0.002018
0.002070 0.001070 0.001045 0.002039
0.002092 0.001082 0.001052 0.002079
0.002102 0.001102 0.001065 0.002104
0.002299 0.001299 0.001191 0.002112
0.002056 0.001025 0.001001 0.002266
0.002068 0.0010%4 0.001002 0.002340
0.002081 0.001064 0.001002 0.002382
0.002092 0.001086 0.001003 0.002441
0.002162 0.001240 0.001010 0.002878
0.002027 0.001009 0.001000 0.002078
0.002051 0.001024 0.001000 0.002108
0.002076 0.001057 0.001002 0.002473
0.002090 0.001079 0.001002 0.002231
0.002132 0.001086 0.001003 0.003028
0.002012 0.001011 0.001000 0.002421
0.002033 0.001016 0.001000 0.002472
0.002063 0.001032 0.001001 0.003021
0.002086 0.001051 0.001002 0.003772
0.002098 0.001064 0.001002 0.004720
0.002104 0.00104 0.001021 0.002176
0.002167 0.001081 0.001043 0.002241
0.002202 0.001107 0.001053 0.002451
0.002289 0.001177 0.001094 0.002624
0.002453 0.001308 0.001161 0.003118
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=015 Ausdladl Ay jaill sl (350 yhal Uadll ey ya Jans 5ie (13-3) Js2al
Pr ML Sh KM

0.002114 0.001059 0.001041 0.002059
0.002125 0.001067 0.001047 0.002067
0.002146 0.001082 0.001058 0.002082
0.002368 0.001262 0.001185 0.002262
0.002497 0.001372 0.001262 0.002372
0.002026 0.001026 0.001016 0.002005
0.002053 0.001053 0.001034 0.002021
0.002064 0.001064 0.001040 0.002046
0.002102 0.001102 0.001065 0.002101
0.002231 0.001231 0.001147 0.002106
0.002014 0.001010 0.001000 0.002204
0.002051 0.001016 0.001000 0.002228
0.002058 0.001038 0.001001 0.002295
0.002101 0.001098 0.001004 0.002436
0.002141 0.001102 0.001004 0.002441
0.002000 0.001001 0.001000 0.002030
0.002030 0.001011 0.001000 0.002039
0.002040 0.001030 0.001001 0.002070
0.002100 0.001076 0.001002 0.002146
0.002125 0.001081 0.001002 0.002148
0.002010 0.001000 0.001000 0.002127
0.002014 0.001002 0.001000 0.002147
0.002035 0.001013 0.001000 0.002394
0.002081 0.001032 0.001001 0.002842
0.002125 0.001079 0.001003 0.003697
0.002073 0.001021 0.001011 0.002085
0.002091 0.001031 0.001016 0.002101
0.002121 0.001046 0.001020 0.002178
0.002222 0.001115 0.001051 0.002358
0.002284 0.001173 0.001084 0.002553
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Gl o Jas sie 8 i 3) 48y yha o aS) AU s adae V) GISY 4Gy Hay 230 524l Al
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(MSE) ot clay yo daws e e i 3) Jidll Jana z3ai 481K 5 5 58 Y)
(K) Qe ¥ 2ae )5 LS (MSE) Unall il e Jass s dadd 313 3i-4
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Test of Homogenous Poisson Process for Data
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A5 g 52l Llaal) s ) 3 ga (DUl
(QM\) ULl o3 o o Easy Fit 5.2 Professional ~bseaY) GAUJ.A\ ARENI I
B okl ALS sl masiE s
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& (e LS5 (SPSS) Satistical Package for the Social Sciences gl » aladiuls ¢
("’J‘ A @A.L‘}:\_JM‘ (Chi Square) L;\SC_UA(:.EJ.@J:.}C_\ABZ M\géd}q.;“
(ol AU g a8 gl ) Sl g saliall Sl e Talaie ) Lslual

2
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A paall Aagdll (pa 5ST SN aaad Fanilly 4 gl X2 LAY Belian) 4o (L Aozl s AV i
a0kl Gl sl S5 Le pe iy 138 5 Ailaiall e ) gl 0 Clilae oty S Jhae () e Jay Lae
Anilaiall e G gl s Slalae ) 3 ga% e 1 puady jaady Eaal sall Egand e 3 Jamall Lead 5 A

G g alitl) A8y yla 238 i) o yadll Juadl) 8 s ) ppasill 530yl 45 5laal) 3y yha i

Al e slaa it AMa 8 (33 hall Juzadl e o Al o2 8 Ll ja) a il 3LSlaall oyl

Jsaanll Jlaall (re sl 53ty 13 sl ciliiall (e il g deliall &l gl la & o1 g ¢ (Re Cila sles)

"‘-)3}‘ Gl slaa o
Ak il e BN (b ) alae N1 OIS A ey A5 AN oy 5 Al cilal) A L
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0.1 O sy il o2 IO Sl Juiall Jama o (i T g (40) 5yl bl Axa) e ic
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ALl ol gl Sl alae ) S Ayl e A 5ol ANy o (2-4) Jsoal
1o Cpma )l Bl il

4z Ay

. 0.1 : 0.2 :
0.875348 | 0.908422 | 0.848796 | 0.95/62 | 0.970364

58 6 5 el com asbuaaly (Sl Bl s e (35 o A5 om0 Ll L S3 LS

O Lgan a3 il 5 a sl 8 (Jladl) Jidl) & gas die LW jae G (3-4) Jsaadl sy Jadll cld
slaidl el

Failure Age of system
Number A,

158
765
921
1086

Jsaall LS (Sl Judl) G gl T s e CdUandl (0 Jandl Jass gie da ()5S 4l
rdae W) G dead) ALY Jarall lsial 395k (e Labatial 23 Al 5 (4-4)
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Failure Cumulative MTBF
Number A, A,

158
382.5 130
307 192.66
2715 196.75
159
133.33
159.71
141.125

COaall ) 5S5 Laie HAT5 Jd G a3 dans e Aa ) 35 1330 (4-4) Jsand) e
Aw i g AV Balall ¢gas s il ()5S Laie (ol dayliia
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A

R
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CailS 5 4y yha Judl 4 (Shrinkage method) ol 4 )k [ sllaal i o jekl-1
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(il Jara 3l 28l
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3yl
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MLE CODES

> library (STAT)

> library (STAT4)

> library (MASS)

> data< - rpois (n, lambda)

> reps <- B=B

> NpPois <- N=n

> rate <- lambda

> set.seed ()

> R . Real (R <- ( sum(rpois(n=npois , rate= lampla
> R . Est (x <- replicate(reps , sum(Data (n=npo&e= lambda))))
> X1<- Mean (length(x))

>R1 <- length( R)

> mse <- mse length( X1, R1)



POISSON REG. CODES
> library(corpcor)

>reps <- B=B

> rate <- lambda

> set.seed ()

>W<-matrixp=p,n=n

> W = matrix(rpois(n* lambda), nrow = n, ncol =lpjnbda = “ *))

> p <- within ( p, { prog <- factor( prog , levels: k , labels=c (" X1"))

> id <- factor (id)})

> Y<-(ml <-glm ( num_awards ~ prog + X3="poissatata=p ))
>Yl<-par(Y)

> W1<- {if (family=="poisson")}{ mu <- as.numericxp(alpha)) beta <- 1/mu w<-
sqrt(mu) } z <- (alpha+(y-mu)*beta) k1 <- rep(0,ho€l)) k2 <- rep(1,ncol(Y1)) k
<- c(k1,k2) A <- diag(k) X <-cbind(X3,X4)*w Z <- a% beta<-
solve(t(X)%*%X+2*lambda*A)%*%t(X)%*%Z betal <- befh:ncol(X3)] beta “

“ <- beta[(ncol(X3)+1):(ncol(X3d <- max(abs(betd™ beta” *“),abs(beta “ *-
beta “ *)) <- as.numeric(beta®“ *) alpha <-%3%beta“ “}

>R . Real (R3 <- ( sum ( rpois ( n=npois , ratembda ))))

>R . Est(Y1<-replicate (reps, sum ( rporsrpois , rate= lambda))))

> W2 <- Mean (length (W1))

>R4 <- length( R3)

> mse <- mse length (W2 , R4)



KAPLIN CODES
library(survival)

library(KMsurv)
library(nime)

> D <- read.csv( file.choose( ), header=T)

> reps <- B=B
> Npois <- N=n
> rate <- lambda

> set.seed ()

> km <- (survfit(SurvODbj ~ 1, data =D , conf .typ€log-log") km<-survest<-
stepfun(km$num,c(1,km$surv) )

> numbm<-floor(num/5)

> tall<-data.frame(num5m)

> die<-gsummary(tall, sum, groups= numbm)
> total<-gsummary(tall, length, groups= num5m)
> rm(num5m)

> |tab.data<-cbind(die[,1:2], total[,2])

> detach(hmohiv)

> attach(ltab.data)

> |t=length(num5m)

> num5Sm[lk+1]=NA

> nevent=data

> nlost=total[,2] - data

> mytable<-tab(num5m, n, nlost, nevent)

>Y5<-mytable[,1:n]



>R . Real (R5 <- ( sum ( rpois ( n=npois , ratembda ))))

>R . Est (Y5 <-replicate ( reps, sum ( rporsr(pois , rate= lambda))))
> Y6<-Mean(length( Y5))

> R6 <- length( R5)

> mse <- mse length (Y6, R6)



SHRINKAGE CODES

>N=n

>B=" *

> Lambda=" *“

> Theata="

> R7 <- read.csv( file.choose( ), header=T)
> For (i=1in 1:n){k="1"

G=( theata(length(R1)+(1- theata)(length(R7))
F=G

Q[i]=0

While (k< K){if Q[i] < F

RO9=" *

Else {

Q[i] = Q[i] +1

G=g*g=(theata(length(R1)+(1- theata)(length(R8))
F1=F+G}

> Print (R9)

>R . Real (R11 <- (sum ( rpois ( h=npois , rdambda ))))
> R10<-Mean(length( R9))
> mse <- mse length (R10, R11)
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Chi-Square Test

Al
Observed N | Expected N Residual
.00 35 20.0 15.0
1.00 5 20.0 -15.0
Total 40
A2
Observed N Expected N Residual
.00 36 20.0 16.0
1.00 4 20.0 -16.0
Total 40




A3
Observed N Expected N Residual
.00 37 10.0 27.0
1.00 1 10.0 -9.0
2.00 1 10.0 -9.0
3.00 1 10.0 -9.0
Total 40
A4
Observed N Expected N Residual
.00 36 10.0 26.0
1.00 1 10.0 -9.0
2.00 2 10.0 -8.0
3.00 1 10.0 -9.0
Total 40
A5
Observed N | Expected N Residual
.00 34 13.3 20.7
1.00 5 13.3 -8.3
2.00 1 13.3 -12.3
Total 40
Test Statistics
Al A2 A3 A4 A5
Chi-Square 22.500° 25.600° 97.200° 90.200" 48.650°
df 1 1 3 3 2
Asymp. Sig. .000 .000 .000 .000 .000

a. 0 cells (0.0%) have expected frequencies less than 5. The minimum

expected cell frequency is 20.0.

b. 0 cells (0.0%) have expected frequencies less than 5. The minimum

expected cell frequency is 10.0.

c. 0 cells (0.0%) have expected frequencies less than 5. The minimum

expected cell frequency is 13.3.
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Abstract

The technological development and the use of complex electronic systemsin
various fields led many researchers to study the Reliability. Therefore, the study of
the Reliability and linkage between the theoretical and practical aspectsis of great
Importance because it is the indicator to show the efficiency and ability of the
machine to work without breaks for a period of time Long for the purpose of
increasing production of both quality and quantity.

Snce the number of failuresis subject to the distribution of Poisson, the study
focused more on the study of the Poisson processes by two types the
homogeneous(HPP) and non-homogeneous (NHPP), and the absence of a general
trend in the number of failures vs. timet It was appropriate to analyze data using
the Poisson regression.

This study was concerned with estimating the reliability function in the case of
data distributed of Poisson distribution in comparison to three methods of
estimation methods, namely the Poisson regression method as a regression method,
and the Maximum Likelihood method as a traditional method, and Kaplan-Meier
method as a method of nonparametric.

For the purpose of applying the theoretical dimensions of the estimation
methods, the Monte Carlo method was used using a programming language R
(version 3.3.2), and several experiments were carried out by producing a random
sample with a Poisson distribution based on sample sizes equal to (n =10,20,30,40
,50,100). Thereplicates for each experiment were L = 5000.

The estimation methods were compar ed by using Mean Squares Error and
wer e reached with generally concluded that the maximum Likelihood estimator was
the best of these estimates because it had the lowest mean error squares compared
to other capabilities, it means, the reliability estimation of the data distributed by
the Poisson distribution the maximum Likelihood method is best for all sample sizes,
followed directly by the Poisson regression method and for all sample sizes.

As for the practical side has made Chi Square test wasfirst on available data that
represent the number of failures of some of the machinesin Dar Al- Warith for printing
and publishing in the holy city of Karbala using a statistical program (Easy fit) shows that
the number of failures are distributed (Poisson distribution), and they trace non
homogenous poison processes, and because the Maximum Likelihood for the reliability
function is the best of these capabilities after an estimated contraction according to a
pilot aspect in this research has been the estimated these machines account under study for
the purpose of identifying efficiency and behavior with time, as a function account
reliability way to measure based on the Mean Time Between Failures (MTBF).
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