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Abstract

In this paper, the mathematical equation of the Cascade (1+1) equation
derived Using the exponential distribution and Cascade (1+1) consisting
of two Components, one is active, and the other is ready (reserve) called
the system (stress - Strength) Cascade-back-up (stress - Strength)
Cascade-back-up Cascade (1+1), As the failure of one of the components
leads to the operation of the other Component. Durability (v) and the
system is subjected to a stress (u) and the Presence of the attenuation
factor (K), which corrects the path of the system as it Improves the
performance of the system through the stress imposed on the later
Component that caused the failure of the previous problem. In addition,
two Methods used to estimate the reliability of the system Cascade (1+1)
, Which are the Method of greatest possibility (MLE) and the method of
(Bootstrap), and then the Comparison between the two methods is based
on the mean of error squares (MSE). In this work, it can be concluded
from the results of simulation experiments that the best estimation
method between bootstrap (Bootstrap) and the method of greatest
potential (MLE) using the comparison criterion (MSE), was the bootstrap
method.
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(1) 0% J9u=>
k=0.3 wis cascade (1+1) plal ddgao Al &5naiilly dusl BV @l

g | a RC n MLE BOOT
25 | 0.99144 0.99161
0.1 | 0.99501 | 50 | 0.99349 0.99353
100 | 0.99362 0.99368
25 | 0.89717 0.89893
1 | 05093017 | 50 | 0.91701 0.91779
100 | 0.92262 0.92287
25 | 0.79760 0.79949
1 | 0.83445 | 50 | 0.81954 0.82039
100 | 0.82947 0.82963
25 | 0.96803 0.96872
0.1 | 0.98308 | 50 | 0.97890 0.97901
100 | 0.98069 0.98079
25 | 0.80100 0.80278
0.5 | 0.5 | 0.83445 | 50 | 0.81864 0.81957
100 | 0.82863 0.82882
25 | 0.65845 0.65958
1 | 0.68056 | 50 | 0.67373 0.67412
100 | 0.67840 0.67847
25 | 0.80156 0.80308
0.1 | 0.83445 | 50 | 0.81971 0.82009
100 | 0.82698 0.82727
25 | 0.40645 0.40819
0.1 |05 | 043333 | 50 | 0.42111 0.42201
100 | 0.42829 0.42850
25 | 0.21506 0.21843
1 | 0.26948 | 50 | 0.24594 0.24760
100 | 0.26045 0.26082

Ji2dl iy lall () dyae @3 (23) 9 (21) Yolaall 3 MSE dlaall jlas sl
J9dadl g AW gl e Jguamdl o5 (Cascade 1+1) plas ddgae Ay s
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OlRudgdl o paad Ayl ksl O 8)9Sdall Jsluardl (e i (8) s (6)9 (4)9 (2)
Ayl 36 MSE 5laall Jlas plisvinls (MLE) plaedl 0l disyby (BOOT)

(JadYl (p Olud gl
(2) Jso= )
8)uiell cascade (1+1) plas ddgre Al MSE Uasdl Olasye Jawgio Jdas o8
k=0.3 wie
B a n MLE BOOT
25 6.43e-04 6.42e-04
0.1 50 2.92e-04 2.92e-04
100 1.42e-04 1.42e-04
25 6.11e-03 6.00e-03
1 0.5 50 2.64e-03 2.62e-03
100 1.29e-03 1.28e-03
25 9.55e-03 9.41e-03
1 50 4.37e-03 4.35e-03
100 2.07e-03 2.07e-03
25 2.01e-03 1.99e-03
0.1 50 8.57e-04 8.57e-04
100 4.26e-04 4.25e-04
25 9.32e-03 9.20e-03
0.5 0.5 50 4.34e-03 4.31e-03
100 2.07e-03 2.07e-03
25 1.05e-02 1.05e-02
1 50 5.12e-03 5.11e-03
100 2.59e-03 2.59e-03
25 9.36e-03 9.26e-03
0.1 50 4.33e-03 4.32e-03
100 2.12e-03 2.11e-03
25 8.73e-03 8.64e-03
0.1 0.5 50 4.20e-03 4.18e-03
100 2.06e-03 2.05e-03
25 7.44e-03 7.09e-03
1 50 2.76e-03 2.69e-03
100 1.17e-03 1.16e-03
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(3) Jgu=>
k=0.5 wis cascade (1+1) plal ddgao Al &5naiily dupl BV el

B | a RC n MLE BOOT
25 | 0.98382 0.98419
0.1]0.99191 | 50 | 0.98895 0.98902
100 | 0.99006 0.99013
25 | 0.85309 0.85533
1 105]0.89524 | 50 | 0.87861 0.87959
100 | 0.88787 0.88811
25 | 0.74854 0.74947
1 10.76667 | 50 | 0.75617 0.75677
100 | 0.75671 0.75702
25 | 0.95536 0.95618
0.1]0.97319 | 50 | 0.96468 0.96490
100 | 0.97011 0.97023
25 | 0.73367 0.73543
0.5]0.5|0.76667 | 50 | 0.75474 0.75544
100 | 0.76385 0.76394
25 | 0.56946 0.57032
1 1058333 | 50 | 0.57832 0.57867
100 | 0.58333 0.58333
25 | 0.74666 0.74758
0.1 0.76667 | 50 | 0.75755 0.75779
100 | 0.76128 0.76149
25 | 0.28367 0.28697
01105033473 | 50 | 0.31062 0.31239
100 | 0.32493 0.32535
25 | 0.14542 0.14849
1 |0.19508 | 50 | 0.17205 0.17367
100 | 0.18442 0.18486
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4) Jgi=>
k=0.5 Wi 8)484)l cascade (1+1) elgéi)&jw U1 Lasdl Olas e Jawgio Jhae o

B a n MLE BOOT
25 7.05e-04 7.00e-04

0.1 50 3.09e-04 3.08e-04

100 1.53e-04 1.53e-04

25 7.36e-03 7.17e-03

1] 05 50 3.01e-03 2.97e-03
100 1.42e-03 1.42e-03

25 9.39e-03 9.36e-03

1 50 4.76e-03 4.75e-03

100 2.41e-03 2.40e-03

25 2.18e-03 2.15e-03

0.1 50 9.62e-04 9.59e-04

100 4.39e-04 4.39e-04

25 1.03e-02 1.02e-02

05| 05 50 4.73e-03 4.72e-03
100 2.34e-03 2.34e-03

25 1.07e-02 1.06e-02

1 50 5.31e-03 5.30e-03

100 2.65e-03 2.65e-03

25 9.60e-03 9.56e-03

0.1 50 4.70e-03 4.70e-03

100 2.34e-03 2.34e-03

25 8.98e-03 8.65e-03

01] 05 50 3.74e-03 3.66e-03
100 1.67e-03 1.66e-03

25 5.39e-03 5.09e-03

1 50 1.94e-03 1.87e-03

100 8.14e-04 8.04e-04
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(5) Jgu=>
k=0.7 wis cascade (1+1) plal ddgao Al &5naiilly dusl BV @il
B | a RC N MLE BOOT
25 0.98097 0.98133
0.1 0.98897 50 0.98585 0.98594
100 0.98681 0.98690
25 0.82065 0.82311
1 10.50.86687 50 0.84892 0.84997
100 0.86023 0.86045
25 0.70651 0.70709
1 10.71786 50 0.71408 0.71430
100 0.71448 0.71458
25 0.94321 0.94417
0.1 | 0.96426 50 0.95810 0.95827
100 0.96033 0.96049
25 0.70181 0.70267
0.5]0.5|0.71786 50 0.71388 0.71412
100 0.71595 0.71601
25 0.48228 0.48478
1 ]0.52273 50 0.51041 0.51128
100 0.51392 0.51428
25 0.70959 0.70998
0.1 0.71786 50 0.71155 0.71172
100 0.71393 0.71409
25 0.22727 0.23091
0.1]0.5|0.28363 50 0.25829 0.26015
100 0.27213 0.27261
25 0.10816 0.11139
1 |0.16035 50 0.13901 0.14052
100 0.15169 0.15204
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6) Jgu=>
k=0.7 e 8y484)l cascade (1+1) elgéi)&jw U1 Lasdl Olas e Jawgio Jdae o
B a n Ryt Rp
25 7.24e-04 7.18e-04
0.1 50 3.10e-04 3.09e-04
100 1.55e-04 1.54e-04
25 8.08e-03 7.85e-03
1 0.5 50 3.24e-03 3.21e-03
100 1.52e-03 1.52e-03
25 9.53e-03 9.52e-03
1 50 4.75e-03 4.75e-03
100 2.42e-03 2.42e-03
25 2.40e-03 2.36e-03
0.1 50 9.58e-04 9.56e-04
100 4.65e-04 4.64e-04
25 9.66e-03 9.63e-03
05 | 05 50 4.81e-03 4.80e-03
100 2.38e-03 2.38e-03
25 1.14e-02 1.12e-02
1 50 5.12e-03 5.10e-03
100 2.55e-03 2.54e-03
25 9.55e-03 9.54e-03
0.1 50 4.83e-03 4.83e-03
100 2.46e-03 2.45e-03
25 8.38e-03 7.98e-03
01 | 05 50 3.21e-03 3.12e-03
100 1.40e-03 1.39e-03
25 4.84e-03 4.52e-03
1 50 1.48e-03 1.41e-03
100 5.75e-04 5.69e-04
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(7) J9i=

k=1 wie cascade (1+1) pUas &dgan A & paailly dusl AN eadll

B

a

RC

n

MLE

BOOT

0.1

0.98485

25

0.97476

0.97522

50

0.97885

0.97900

100

0.98192

0.98204

0.5

0.83333

25

0.79604

0.79802

50

0.81324

0.81442

100

0.82468

0.82497

0.66667

25

0.66589

0.66594

50

0.66604

0.66608

100

0.66639

0.66640

0.5

0.1

0.95238

25

0.92767

0.92881

50

0.94159

0.94187

100

0.94637

0.94661

0.5

0.66667

25

0.65932

0.65971

50

0.66519

0.66530

100

0.66482

0.66490

0.46667

25

0.41943

0.42235

50

0.44669

0.44810

100

0.45772

0.45808

0.1

0.1

0.66667

25

0.66339

0.66358

50

0.66097

0.66112

100

0.66621

0.66624

0.5

0.24242

25

0.18160

0.18552

50

0.21716

0.21901

100

0.23248

0.23290

0.1342

25

0.08939

0.09216

50

0.11287

0.11437

100

0.12562

0.12596
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8) Jgi>
e 8yudall cascade (1+1) plas 4.4(.1; A1 MSE Uasdl Gl lawgio Juae osd
k=1

B a n MLE BOOT
25 7.82e-04 7.73e-04
0.1 50 3.56e-04 3.54e-04
100 1.59e-04 1.58e-04

25 7.62e-03 7.48e-03

1 0.5 50 3.53e-03 3.49¢-03
100 1.63e-03 1.63e-03

25 9.37e-03 9.37e-03

1 50 4.78e-03 4.78e-03

100 2.39e-03 2.39e-03

25 2.67e-03 2.62e-03

0.1 50 1.10e-03 1.09e-03
100 5.06e-04 5.03e-04

25 9.40e-03 9.40e-03

0.5 0.5 50 4.73e-03 4.73e-03
100 2.40e-03 2.40e-03
25 1.09e-02 1.07e-02

1 50 4.82e-03 4.76e-03

100 2.27e-03 2.26e-03

25 9.44e-03 9.44e-03

0.1 50 4.74e-03 4.74e-03

100 2.37e-03 2.37e-03

25 7.72e-03 7.26e-03

0.1 0.5 50 2.59e-03 2.50e-03
100 1.07e-03 1.06e-03

25 3.54e-03 3.30e-03

1 50 1.19e-03 1.13e-03
100 4.34e-04 4.28e-04
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o3 grox) Cascsde plas ddgae Als puan) s 81 el o g JWI Gl JSad!
aisnall K pagdl Jole

1.0

02 04 06 08

index

k 28 geon) Cascsde plas ddgae AW &Y @udll (e (1) S
OlLelwd!

Jole Aad 3Ly J&5 Cascade (1+1) (&bl — slg=l) plai ddgae Iy ol .1
k cna gl
Kk ool Jole Jality MSE Jig slgzM bl dalas Ay & gaoll dogd o135 .2
Ol gl il &yl sl Joad! 1o § poiall plad] Adgae ,ods Ol .3
G)laall Hlae I o JBI ClAWT sl @8 O elldg MLE i,k o Juadl cof
. MSE
Sluo o

(cascade (1+1 Lladl — slg=l plas ddgan puaid ()3 pads (@b Jlaxiwl -1

ol 2yl liadl -5lg=Yl sl cascade (2+1) plas plisiwl -2
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