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Reliability of fuzzy Cascade system (stress- strength)

for Weibull distribution of the model (1+1) using

simulation method

Dr. Jawad Shaker Dhigham Ali Nasser Hussein
Basrah University, College of Administration and Economics,
Department of Statistics.

Abstract:

This research included estimating the reliability of the fuzzy
cascade system of Weibull's distribution of one, two components
and three components for each component of strength (x) and
exposure to stress (y) through the presence of attenuation factor
(k) which improves the path of the system, the Weibull
distribution of the strength and stress variable with different
shape parameters and different measurement parameters was
used, the researcher also estimated the fuzzy marginal reliability
per R(1),R(2),R(3), as well as the study of the behavior of the
reliability of the fuzzy cascade system R,,R.and has used two
methods to estimate the method of least squares the Shrinkage
method, and to know the preference between them the researcher
used the statistical criterion average squares of error (mse), The
researcher concluded that the least squares method is the best
when the sizes of the samples are small, while the preference of
the shrinkage method when the sizes of the samples are medium
and large, and the researcher also recommended paying attention
to reliability and fog because they have an important role in
practical life, as well as recommended choosing different
distributions for both stress and strength.

Keywords: Weibull distribution , Cascade System , Fuzzy

Reliability , Cascade System Reliability , Reliability of fuzzy
Cascade system .
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R, =wR+(1—w)R, ..(31)
t YIS S e B Ut pje Jacsgie Jand SIW e alag) (S
mse(Rg,) = E(Ry, — R)?
— E[wR+ (1— w)R, —R]"...(32)
t V) e Jeant Laseting (32) 8 Alalaall (WR) £5ks Zilaly
mse(R,;,) = w2E(R —R)? + (1—w)?E(R, — R)?® ...(33)

Sl dani jialls didall slslass W I Zucally (33)08) dlaleall 3lidlg
dmse(ﬁgh) ﬁ 5 5
—— = = 2WE(R—R)>+ 2(1 —w)(~1)E(R, — R)

— 2wE®R — R)? — 2(1 —w)E(R, — R)?

wE(R—R)2— (1—w)E(R,—R)*=0

WE(R—R)2—E(R,—R)>+WE(R,—R)2=0 ..(34)
(Ro — R)?

Y T nse(R) + (R, — R)?

1Y) drall s G5S pallil) ik Glb e pU G Lasg

.(35)

R., = wR + (1—w)R, . (36)
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Blaall bl Jlariads (1+1) z3seill dins o) sil(ELRllalga ) anaall ool alail) 4] gins
sl lged (5855 Ry (385 203 A0 ded 4y paldll Lile Sl W
0 <w< 1 g penall anlslly

dnludall o) dlgeall jate o Jsuand) ics

73-) 5(74-2) lalae b Lpumges (il dinyls R(3) s, R(2)sp, R(1)s

Sy Ragny Rpon cosenddl i) 2lss ddgeall e Jgeaall (2
Rysn = R(L)g, + R(2)g, . (37)
Ry = R(1)g + R(2)s, +R(3)s, - (38)

Simulation™® ss\aa)

Lol 1 JSLaal) (el dad by Casbd L e slSladl Ciupes oS
el Cllaal shal Lgma ) Cllall i e DA G slaally ol
00 Aigpally BSlaal i LS ¢ il sl agliie plaill 2 oag Jalaill
ally gl g Ll LS Anadll eda Slaaly cile sad Aol IS5 Dla
Il
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waal) cascade il aUsil BlSlaall qylat Ciag

(Simula ion — Monte )) LS s 5She sldel L
Al Adgae a8 Jasind U degtie alaal clball alg (il (Carlo
Shaall (g d5lke ehal) G (dug aysil fuzZzywadll cascade el
dalye Bae PIA e ellly Cucadl) aUaill ddgaa ol
Glial) alasl Localdyl aal) las) e dlsyall oda Jads 1 JgY) dls )
) a2 3l Cilalas pd) Apal Y1 0l L) e Db
(Sample Sizes)<lisl) alaal) jlod)
t ) Gy e il alaal Jlexind 2y
(15,25)8pa clic alaal) @
(50,75)ddams1e clise alas) o
(150,200)528 Slise alas) o
Sy gyl aalill Uil claledd Ayaljis) i )
Choosing Hypothesis Values of Parameters
ddaag (shape Parameter) aJ<al dalaal )bl a8 jlod) Ji
dalaa Iy Jug aygl LGl yuid (Scale Parameter) B bl
(Scale Parameter) 8 (.Lall dulass (shape Parameter) A J<&

(1-3) Jsoadls e LS Jag sl slgal) il



BSLaall sl Jlaniads (141) 3 5aill Jars gy sl dlga D) inall aulil) Usil) i sine

Jug aigil cascade sl 5)aal) Al i) adll Jiw 1 Joas

Laladll webally IS cilalaa Gilalea (e S JSEN Gilalas e ral KA Gilalae
< Agldia okl oebil) cilalaa
al|05| 1|15 2.5 1 2( 2.5 31 05| 1.5 2 (2.5
105 1| 15| 25| 05| 1.5 2| 25 1 2125 3
A0S 1|15 25 1 2( 2.5 31 05| 1.5 2 (2.5
8105 1|15 25| 05| 1.5 21 2.5 1 2125 3

AN <Uly alg Matiab dsell dal Jleaiod 2 dsyall oda a 22l dls

: Y &8y e Data generation  duluall ddgeal
Rand ¥} Jlasicl 1;~(0,1) aliiie pjgs 4l Jlsdie juxie ulg @

3y daeall Jlaxinls WeibUll Juss aist 355 <l e Jsaanl
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cuadicascade bl aUaill lgaal (aall Dilajall ok diayha v/
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2022 IV S (54) 232l e, exlall ol aBY) Al
shal DA (ye clldy Aple Jumdl i) o3 Al pall o3 2del] Als ol
(mse) Uadll aje Jawsia Slas¥) Gebidall o alaeWl chsial g 455l
t Ay Gl Couang
..(41ymse (.fé”) — %zfr:l(ﬁ —R)?

1000 @) < 3 4 K (Replication) <)<l e s Lol 3)
c=1 cla¥) dly daleag k=1 (pagll Jule dad b 235 ¢ 8
cuuaall cascade aliy daldl) SlSlaal) oulad il

& Jug aygil cuadll cascade olad Adgra il dayla Juadl lagy
lad @l b Loy o (Mse) Uadll auje dawsgia  SlasV) abiad) Jleaicd
LS cclial) alanly il Ll V) 2@l sy (Simulation)sSisal

: 25Y) Jghaalls dansa
(¢ =0.5;=0541=0.5;8=0.5) ¢

Method LS Sh

1 mse mse mse Mse mse Muse

n R(1) | R(2) | R(3) | R(Y) | R(2) | R(®
15 1.2684 1.5693 1.1506 1.4265 1.7015 1.4617
25 1.0592 1.3171 1.2351 1.1212 1.1715 1.2744
50 0.6304 0.6446 0.719 0.6966 0.4903 0.7618
75 0.2151 0.5227 0.3463 0.7352 0.7066 0.468
150 0.3886 0.6936 0.7287 0.4302 0.5597 0.6574
200 0.1578 0.1002 0.7103 0.2388 0.1061 0.2647




BStaal) o shad Jlaniady (141) g3 5ill Jars ) s g SU)pmall gl sl 4 ins

-

4,._91.‘ ,',..“ 4 *\\\“ a :b"‘d‘ ):13 a'}s MSE 4 A:'& :3dj\ =N

(a=1=1A=18=1)

Method LS Sh
mse mse mse mse mse mse
N R(1) | R(2) | R(3) | R(1) | R(2) | R(2)

15 1.561 1.0359 1.125 1.6274 1.2307 1.5014

25 1.1869 1.5091 1.3702 1.1371 1.5659 1.6107

50 0.6557 0.3303 0.3544 0.6613 0.2455 0.2419

75 | 0.5404 0.3424 0.2598 0.5885 0.7285 0.5319

150 || 0.5399 0.2888 0.8229 0.4934 0.5427 0.8969

200 | 0.3165 0.6443 0.7839 0.4898 0.4005 0.9859

Z\_:\:g\.« 4}-;“ a :\\“ p :w‘ ‘}:\ il MSE p A:'d :4d‘5\

ard e 3 DU 5 Sl (lse<a A DMy (i Sag 2 aly )
(e =1.5=1521=15;6=1.5) ¢

Method LS Sh
mse mse Mse mse mse Muse
N R(1) | R(2) | R(3) | R(1) | R(2) | R(2)

15 0.0736 | 0.8681 | 0.4118 | 0.6595 | 0.9091 0.72

25 0.0853 | 1.9987 | 0.9299 | 1.0114 | 0.3541 || 1.7686

50 0.6865 | 0.0306 || 0.8891 | 0.9832 || 0.7155 | 0.9009

75 0.9093 | 0.7833 0.907 0.98 0.8532 | 0.9967

150 0.7273 || 0.5319 (| 0.7412 || 0.8063 [ 0.9955 || 0.9993

200 0.5161 | 0.5362 || 0.4735 | 0.7504 || 0.6912 | 1.2915
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ANy (pig<ag aaly OsSal)dnliall Laal) Ldgaall yaaml mse dadiSJgas
(€ =25, = 25,1 = 25,6 = 2.5) of L Lle D G (s

Method LS Sh

mse mse mse mse mse Mse

N R(1) R R () R(1) Rp | R
15 1.52030 0.62050 0.34380 1.71050 1.12890 | 0.61030
25 1.51200 1.20620 1.05660 1.36110 1.25730 |[ 1.41300
50 0.88290 0.79630 0.65270 0.93690 0.82420 |[ 0.11840
75 0.76820 0.21500 0.16060 0.92310 0.73930 |[ 0.98300
150 0.54560 0.37500 0.67820 0.76380 0.72210 |f 0.73940
200 0.12410 0.04780 0.76140 0.39070 0.50730 |[ 0.97460

By igSay g OsSal)dulicall Laall Llgaall poiil Mse dad 6 Joaa
(@=1;8=051=1;8 =0.5) J jap Je 2D @)l (i<

Method LS Sh
5 mse mse mse mse mse Mse
N R() R() R(3) R() R() R(3)
15| 1.69020 | 1.45470 | 0.93480 | 1.45690 | 1.48750 | 0.98460
25| 1.03760 | 0.99510 | 0.33480 | 1.17180 | 1.22780 | 1.04180
50 | 0.89760 | 0.14600 | 0.93600 | 0.63810 | 0.39310 | 0.16410
75| 0.87870 | 0.87040 | 0.99400 | 0.70340 | 0.56410 | 0.90780
150 | 0.64370 | 0.15810 | 0.20960 | 0.45510 | 0.28120 | 0.57510
200 | 0.63600 | 0.88910 | 0.79370 | 0.50950 | 0.22560 | 0.67690




BStaal) o shad Jlaniady (141) g3 5ill Jars ) s g SU)pmall gl sl 4 ins

ANy (pig<ag aly OsSal)dnluall Laal) Ldgaall yaaml mse dad 7 Joan
(a=2;B=1.5:1=1;0=1.5) o} Ly e DAY GEhhll (e

mse mse mse mse Mse mse

n (1)R (2)R (3)R ()R (2)R (3)R
15| 0.95450 | 1.39240 92420 | 1.44420| 1.41200| 1.25660
25| 0.78260 | 0.86150 56400 | 0.99460 | 0.62480 | 0.85020
50| 0.00300 | 0.72110 -.83670 | 0.55410| 0.86300| 0.91350
75| 0.96310 | 0.87960 .25030 | 0.42700| 0.43890| 0.21440
150 | 0.49840 | 0.99070 76790 | 0.55740| 0.03310| 0.70010
200 | 0.73640 | 0.93710 .70020 | 0.62040| 0.66540| 0.43310

iy igSay aaly OsSa)nlicall Laall Adgaall padl mse  dad :8Jsas

(@=2.5B=22=2.50=2) 3 jaj o & gLl (clssa

Method LS sh

7 mse mse mse mse mse mse

n Ray | R Rp) | Roy | Rp) R(3)
15 1.5636 | 0.9777 | 0.9867 | 0.7374 |0.9455| 0.9822
25 1.2074 | 1.2751 | 0.9521 | 1.3776 |1.3184 | 1.5256
50 0.8672 | 0.6893 | 0.5247 | 0.1137 | 0.2893 | 0.5148
75 0.6458 | 0.8119 | 0.7949 | 0.4629 | 0.5104 | 0.4614
150 0.4753 | 0.9641 | 0.8045 | 0.5162 | 0.3238 | 0.7302
200 0.3235 | 0.4385 | 0.3411 | 0.3224 | 0.4096 | 0.5373




2022 JsY 0sS (54) 23l e, o> glay) dlae
Ay uisSay Aty o) dnbicall Loall Adgaal)l yail mse  dad 19 Joon
(@ =3;8=2521=3;8=25) J sap o @0 @l (s

Method LS Sh
mse mse mse mse mse Mse
n R() R) Rp3) R Rp | Rp
15  0.96370 0.82250 1.44620 1.16200 1.28730 1.47380
25 1.13900 1.24620 1.59920 1.20590 1.11780 1.62100
50| 0.90260 0.75470 0.51520 0.71610 0.72890 0.20130
75| 0.86340 0.29220 0.60480 0.71310 0.06290 0.22150
150 | 0.37060 0.13910 0.25160 0.09480 0.20340 0.70590
200 || 0.52900 0.92980 0.67260 0.14670 0.87520 0.30750

Ay (pisag 2y OsSal)Anball Loaall Adgaall joaml mse dad 110052
(@=05p8=11=050=1) g sap Jlo @D @l (el

Method LS Sh

mse mse mse mse mse Mse
n ﬁ(l) ﬁ(z) ﬁ(3) ﬁ(l) ﬁ(z) ﬁ(3)
15 1.3066 | 1.5716 1.1914 1.7085 1.5971 1.2047
25 1.375 1.7599 1.5245 1.3944 0.9584 2.1411
50 0.8925 | 0.0855 0.5858 0.7445 0.1618 0.4716
75 0.864 0.7592 0.1475 0.6563 0.4538 0.2141
150 0.1434 | 0.5253 0.8443 0.3968 0.4834 0.6957
200 0.6262 | 0.5498 0.1536 0.1494 0.2541 0.1639




BStaal) o shad Jlaniady (141) g3 5ill Jars ) s g SU)pmall gl sl 4 ins

Ay is<ay aaly GsSal)duliall Laall dlgaddl pawl mse dedl] Jeon

(@=15B8=22=1560=2) o sas e B Gl (<l

Method Ls sh
0 mse mse Mse mse mse mse
n R(1) R(2) R (3) R(1) R(2) R (3)
15 1.5464 1.259 1.3539 1.8019 0.9559 1.3117
25 1.3583 1.2636 1.3011 1.3819 1.4908 1.7129
50 | 0.3334 | 0.1838 | 0.9083 | 0.4414 | 0.2783 | 0.4375
75 0.8013 0.675 0.9833 0.2455 0.6267 0.8173
150 0.6631 0.9162 0.2782 0.3265 0.8089 0.4294
200 0.1676 0.8227 1.6292 0.2503 1.0563 0.8978

Ly (i g GsSal)duluall Loal) dsadl pasimse dad 112 Jeon

(@=28=251=2,;60=25) ) sap e D (3Ll (s

Method LS sh
mse mse mse mse mse mse

n (1) | R2) | &3B) | BQ) | R(Q2) R(3)
15| 1.549 | 1.3663|1.2472|1.7695|1.5026 | 1.4473
25(1.2409|1.6345(1.1045 [ 1.1341 | 1.3698 | 1.0006

50| 0.9101 | 0.8743 | 0.6195 | 0.6269 | 0.3919 | 0.5338

75| 0.8074| 0.7497 | 0.5587 | 0.6249 | 0.6922 | 0.5172

150 | 0.647 | 0.9892| 0.9824 | 0.4817| 0.4077| 0.9638

200 | 0.5222| 0.7624| 0.2186 | 0.1035 | 0.5829 | 0.6428




2022 J5¥ oS (54) 2l

ANy GrisSay 2y sSal)dulocall Loal) dlgaddl juasl mse dad 113 Jsan
(@ =25B8=3;1=25;0=3) o)) 4ap Je &N Gl (@l

Method LS 3!1
12 mse mse mse mse mse mse
n E(1) R(2 R(3) B(1) B(2 R(3-)
15 1.0636| 1.3511 | 1.6791 | 1.86 |1.5513 | 1.5793
25 1.2086|1.7425| 1.13 | 1.254 | 1.6023 | 1.5805
50 | 0.8283|0.6776 | 0.7661 | 0.2872 | 0.2002 | 0.5648
75 | 0.8076 | 0.8447 | 0.7018 | 0.7383 | 0.4375 | 0.4746
150 |0.6776| 0.1607 | 0.7669 | 0.6239 | 0.7487 | 0.6531
200 | 0.6697|0.3763| 0.8291 | 0.5052 | 0.5512 | 0.7308
((ig—Sa caaly O Sa) Anball 4ol 4 leadl) a4 Jer o)
A0V laleall ahll AN A gually (lisSe 20
@ B A a R(1) R(2) R(3) R, R,
0.5 [0.5]0.5] 0.5 | 0.24143 | 0.36151 | 0.33183] 0.60294 | [N
1 | 1] 1] 1 023772 0.309 |0.19663]0.54672] 0.74335
1.5 |1.5]1.5| 1.5 | 0.23159 | 0.37973 | 0.15923| 0.61132| 0.77056
2.52.5|2.5] 2.5 ] 0.28154 | 0.2559 |0.33361|0.53744| 0.87106
2> [1.5] 2 | 1.5 ] 0.24367 | 0.43812 | 0.17086| 0.68179| 0.85265
25| 2 |2.5] 2 |0.2085a| 0.379 |0.16575|0.58754| 0.75329
0.5 1 [0.5] 1 [0.25598 | 0.47895 |0.17975 | [N | 0-91469
1.5 2 [1.5] 2 - 0.44497 | 0.1211 | 0.72266| 0.84376
2 |2.5] 2 | 2.5]0.25339 | 0.38961 | 0.25429| 0.643| 0.8973
25| 3 |2.5] 3 |0.19634 | 0.3667 |0.15903|0.56304| 0.72206
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