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Abstract Reliability is considered a particularly important design factor for systems that have critical results once
a failure occurs in a system, such as trains, airplanes, and passenger ships. The reliability of the system can be
improved in several ways, but in a system that requires considerable reliability, the redundancy of parts is efficient
in improving the system reliability. In the case of duplicating parts to improve reliability, the kind of parts and the
number of duplicating parts should be determined under the system reliability, part costs, and resources. This study
examined the redundancy allocation of multi-level systems with serial structures. This paper describes the definition
of a multi-system and how to optimize the kind of parts and number of duplications to maximize the system
reliability. To optimize the redundancy, the cuckoo search algorithm was applied. The search procedure, the solution
representation and the development of the neighborhood solution were proposed to optimize the redundancy allocation
of a multi-level system. The results of numerical experiments were compared with the genetic algorithm and cuckoo
search algorithm.

Keywords : cuckoo search, MRAP, multi-level, redundancy, reliability
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Fig. 1. a structure of a multi-level system

335



A& 8] =2 A A8l A4E, 2017

B Ao M= Fig. 1.0 YeERd H&H9] BE3 B
Z2HA L7 SHRITS 38, ARG &
shte] Rk Tl Thedt AR 7R

Fig. 2. possible case in MRAP

Fig 2.4 & @79 b A)28le] o2 vehf,
Fig. 1914 1w vle} 2o] A20EE {0, Uy, Uy, ).
(O Un Ul {0 U Unghs {00y Uy} -

(U0, Uy Urg} 501 S10W, Fig. 20145 7 A24%
oA & o] Faw FHe] B AL B 5 o % B
Ao T AR A 1, 0] FHo| @
el U0l S5 F fles rlgith
22 2 8
B Q7oA BAE FREY TAE Azwe) g
B AUE ATl B8 R B0 38 48 3
BAZ theat o] B £9T 5 eI,
N 7
Max R, =[J(1—y,(1—R)"™) (1)
i=1
Subject to
N
dC) < ¢ @
i=1
vt 2y =1
! kEj; k (3)
y; =0 or 1foralli
1’,;:0 if yi:O’ (4)
z; =1 if y, =1,
714 A% jE A B2 ehi
AP A()S Azd) 7 Fugo] TR
o] | 5ol AF oy, o= 7 FH(U)9] 5L
Tz 9 TH AE oy o] Fel w2

336

ofe
o
rlo

rlr

®)

3. 7| BAM &7

il

3.1 OIAF WT27| Eh
e [ W) o) Arjy 74y
wol ApEgen, Be 5E 23

NEEREEEE
3

w9l

—
w

%o, Garg[
B g &S
Fo] TAol &L Fol FH|2
F-BAI7) 3 A7) W) E 725 &
= 2o o] obd AL ukAs}
gAY A2 WuA dok
Aol A A &3k wAty] gale w1 7]
AZFA NEe 7122 3

2 1o

(1) 7F W37 @ ol & Ale] 22 da ez
Aelg FA0) e Yk

(2) =& B4 AFAME B3t u%EA A1 D)
& 7k $AE vhg AU bz,

(3) 7H® 549 S 24l glon, Fol A
Ao FE2 I A0 A e ke
A% 5 ek ol @ Aol T A Az
Aol e FAF BE7) 8 2L wal
A W Ak



W) B e B8 oS Aade] 32w KA
gol AZHA FHEG e WA ve FAE 7 4t go] ¥ 5 gk
Lévy H|gjel] wjg} g R), Lévy H| 32 47| Sk:{(xmym)(iﬂkz k2) (xkvyk‘v)}
share]Zol| A sle] wR-ats) thakst Alolo] HE S 24 k=1,2p, p - BATY 7]
sroa wiy] gaelEe AEe PPN F ek
A7) gAe] g B vk AS F3 UEkd 3.2.2 7|50 MM
Atk z7ll B 7 slE ol Aol "k A=A
" =al) +a® Levy(s.\) FolA F8 F2g Qo7 Mushn deE F2e 4
714 a > 03l Lévy HI3elA @A A7]1E5 vepd 1014 BARlolA o2 AL 4(3)E WEA]
ool Aol a=12 488 7 Atk Levy & g1 wlE (y, y,..y,) 7F AT Z27]92 9] AY
2 v e, = "o,
Levy (s,0\) ~ ﬂ,(l <A<3)
Lévy w2 53 B3 24HS 7FA 12[10]. @A 9] 3.2.3 M2 =X| £t
2ol Lévy wel sl Altsojiny. 2 A5t A= Ouaarab et al.[8]0 A A|¢tet v &
A AAL et st BAE BPdelA shel
3.2 WTI| BAMS ASS TS MAE & g2 vehy 549 Fi= wgae) e 2k 7
=stet X5} 23E W AL AR A wA| ol W
2ol Aeus wAy] B gueEe BE FE Lévy vl met QRS FXE wg. dq)
shel A v duw|Ee] %S FHAIY 9 o BAERE Pe] "ozl AR FAE dAN T
3 2 b 2Rl dis) s AR W) S AR Aol Qi oleksE ouldith AR FAE
g% thea 2ot Aa @A FANN WM (z,y,) S Adstm, WE
(zp) 9 3HE OZ ART AA) BANA NZe
p7hel 271 5A4 27] wAlds A 5AE 2] 913 AYEE W (r,y,) 9 FE Lévy W
27] 23T o 97 ol A B ol ola) AAFel A 2, W
While(i<MaxGeneration) or (Stop Criterion) | Zol7t ZhaH AEA ANEE W (%»?Jl o g
o A ARE S S e an gee SACIEDE Be 299 4
(7=1.2,-0) (1 :Lévy MBAA @AM 27]) 3)2) Aok 2218 o}71A Ho) Az YTl A2k AG)
A Sl e 37k 2 o717 B Agol g BFFL JlE o
IF F/<F, S B FED AR Freks AL A9 27hss
F2 F/z 1A ok mbA, s A 2 A ()= A EE At
A4 94 wel £4L sle] A(3)e wES & QA P AR

ol et <=9
Pe(0,1) 3ER
Mz A4 A4

END While

2

FoN= dA TAE V)5

3.2.1 7] e

W) @ Ao BA0] @ sle] e P Aew
AR, =, she] SA6l @ Ale] okl tigkal A}
LEoiRIT. F Ao ol AZA A BE EE
U U0 i3 5 7he] W (a,y,) = o) Bk

337

FAE Ak Ak Tt 2o,

A 1 JeE FAE A

©A 2 ¢ Lévy vlgiel wet gl dolg A

oA 3 AdeE FAE T RS FAE AN
AEA AdE AL Nest 12 7))

WA 4 : Nest 1914 A5 (z,y,) & AE(o] B4E

Pair 12 ¥7])
5: A2 FA Ol AR y, 7k 10149, (2;,y,) &
(random[1,B,),1) & W&

oEn

o



el gotsle g A1sd A4B, 2017

WA 6 AR FA ARRE y,7F 00H, A(3)S
“éﬂﬂﬂwhﬁﬂw*ﬁ}ﬂﬁ

6.1 : Pair 19] A2FAA y=1& 7= A9E

E(Pair 22 ®7))o] glod @A 6.1.17 6.1.25

23, 197 goy w 628 wE

6.1.1 : Pair 20 W8] y=02= W&

6.1.2 : Pair 29 2 3¢ FHol tal  (z,,y,)E

slal @A 72 olF

LR EEE TR

(random [LB,L-],l)E
6.2 : Pair 12] A2 olA ¢y=

ol Qo ©A 6.2.13 6.2.2 3

6.2.1 : Pair 19 A&l (2;,y,) & (random[1,B,],1)

2 95

6.2.2 : Pair 19] 39 F5o] tisf y,=0 &= 3}aL

A 1R o)

WA 7 AE TAY FUF O ZojErt Ao,

Nest 1S Ad&sta @A 302 o]F

W71 Y] vy FAE 99 AR AdE A2 F

A5 Atolel 71 £ FAZE wWAEA Hok

3.2.4 SHE4

““Hlﬂ Sl 1%

N

ZC(.I‘ ) ,ifZC(x

i=1

Cyr

e kel whel A7 s ol
&o] AW P(s;) 9] e
< e 7 of7lelM kitel AR A
O 2ok F7FER(eval (sy)) 3kl H%

A "k

‘:—H]

L

338

3.2.5 SX| Hz|7|
B AVE
PE(0,1)E 72
OE Ao &5 3 =9,
o}, w7 M= olH g
shAl Et oA 71
AT Y= ATk

E}
1=}
=)

Ao
A
R

2, 919 e 0% A9
1719 A Gl B A5 A

Ehfa givk

Jirrji:i

oo oo m

Yun and Kim[1]ellA4] A|A]$F Fig. 3.

Ao A FAdae s WA &
Hugth 2 dae]FelA A EE
Qb= Table 1.0 WERt A3k 59 2%,
B @7}, SHOE 1% F7} vl uieh Aty o

Sl



k)
-+
N
ot
=
ol
g
tlo
ot
oo
&
K}
By
ol)ll
>
[>
ol
lo
ofN
1

s
oft
1
)
ot

11
Ulll Ull2

Fig. 3. three-level system for example

lr-’IIL 13 Ul2 1 Ul22

£

Table 1. Data for Figure 3.

Parent

Additive cost

Unit . Rel. Price
unit parameter
! 0.40029 72 2
(system)

11 1 0.72675 26 2

12 1 0.76500 19 3

13 1 0.72000 21 2
111 11 0.90000 5 3
112 11 0.95000 6 4
113 11 0.85000 5 4
121 12 0.90000 6 4
122 12 0.85000 7 4
131 13 0.90000 8 3
132 13 0.80000 7 4

Table 2. Comparison of CS(cuckoo search) and GA

v 2.7
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A 2288 & 4 ek HlE Aol 3009 74
Adarg]Ee] A=} 0.9755(Table 2.0014 **)
duFHT A UERG oY, o] sdst
H|-8-0] 3042 714 300 238k #ast
ae] A4

ol

5. 248

& ATl BASAIRE Y] FEET Al T 7

(&) GA

Cost Reliability Computation Time Reliability Computation Time

Max SD Min Max Max SD Min Max
150 0.8057 0.00270 0.10 0.13 0.8057 0 0.19 0.21
160 0.8309 0.00000 0.08 0.10 0.8309 0.002708 0.19 0.20
170 0.8511 0.00000 0.09 0.10 0.8511 0.000802 0.18 0.21
180 *0.8668 0.00000 0.09 0.10 0.8550 0.000665 0.18 0.19
190 *0.8878 0.00000 0.09 0.10 0.8796 0.012746 0.17 0.20
200 0.9136 0.01218 0.09 0.10 0.9136 0.014390 0.19 0.20
210 0.9136 0.00000 0.09 0.10 0.9136 0.007642 0.17 0.21
220 0.9272 0.00653 0.09 0.10 0.9272 0.009129 0.18 0.20
230 *0.9319 0.00000 0.09 0.10 0.9272 0.004032 0.17 0.20
240 0.9457 0.00000 0.09 0.10 0.9457 0.023489 0.18 0.20
250 0.9457 0.00000 0.09 0.10 0.9457 0.002079 0.18 0.19
260 0.9457 0.00000 0.09 0.10 *0.9469 0.004182 0.17 0.19
270 0.9609 0.00805 0.09 0.10 0.9609 0.016525 0.18 0.20
280 0.9609 0.00550 0.09 0.10 0.9609 0.012392 0.17 0.19
290 0.9609 0.00523 0.09 0.10 0.9609 0.004470 0.18 0.19
300 0.9600 0.00477 0.09 0.10 **0.9755 0 0.18 0.20
310 0.9755 0.00518 0.09 0.10 0.9755 0.004329 0.17 0.20
320 0.9755 0.00423 0.09 0.10 0.9755 0.006184 0.17 0.19
330 0.9755 0.00423 0.09 0.10 0.9755 0.005620 0.18 0.20
340 0.9798 0.00174 0.09 0.10 0.9798 0.005832 0.18 0.19
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