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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.
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Fig. 1. a structure of a multi-level system
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Fig. 3. three-level system for example
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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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Table 2.914 K= v} zho] w4ty] Ldarg]Fo] 74
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L e gAENen, fHdugEe 17/ A¢

(Table 2.91A] *)ol A 915 Hch ¥k ofujz}, wat
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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

339



FFAE | &= BA) A8 A4B, 2017

TR
X

)
2 o

o
e

ol
o
i)

o
B

s o5 99

§+o]

N,
=2

ORE

oy
o J
rirore o
oy Mx
o -

Q
oy
=2
% o
rir
N rir
o
o

X
o
=2

rf

:<I>1:t
=
-
NN
ot oft
"

-
N
N
12
(o
it
)
1=
ofl
)

AAS TFom, wiry)
oA B WA U slE

=]

References

[1] W. Y. Yun and J. W. Kim, “Multi-level redundancy
optimization in series systems”, Computers and
Industrial Engineering, vol. 46, no. 2, pp. 337-346, 2004.
DOL: https://doi.org/10.1016/j.¢ie.2003.12.013

W. Y. Yun, and Y. M. Song and H. G. Kim, “Multiple
multi-level redundancy allocation in series systems”,
Reliability Engineering and System Safety, vol. 92, no.
3, pp. 308-313, 2007.

DOI: https://doi.org/10.1016/].ress.2006.04.006

R. Kumar, K. Izui, M. Yoshimura, and S. Nishiwaki,
“Optimal multilevel redundancy allocation in series and
series-parallel systems”, Computers and Industrial
Engineering, vol. 57, no. 1, pp. 169-180, 2009.

DOI: https://doi.org/10.1016/j.cie.2008.11.008

[4] A. Pourdarvish and Z. Ramezani, “Cold standby
redundancy allocation in a multi-level series system by
memetic algorithm”, International Journal of Reliability,
Quality and Safety Engineering, vol. 20, no. 3, pp. 1-16,
2013.

DOI: https://doi.org/10.1142/S021853931340007X

P. He, KWu, J. Xu, J.Wen, Z. Jiang, “Multilevel
redundancy allocation using two dimensional arrays
encoding and hybrid genetic algorithm”, Computers and
Industrial Engineering, vol. 64, no. 1, pp. 69-83, 2013.
DOI: https://doi.org/10.1016/j.cie.2012.08.008

340

(6]

[7]

(8]

[

[10]

[11]

[12]

[13]

Z. Wang, K.Tang and X. Yao, “A memetic algorithm for
multi-level redundancy allocation”, IEEE Transactions
on Reliability, vol. 59, no. 4, pp. 754-765, 2010.
DOI: https:/doi.org/10.1109/TR.2010.2055927

K. J. Jang and J. H. Kim, “A tabu search for multiple
multi-level ~ redundancy  allocation  problem  in
series-parallel ~ systems”, International Journal of
Industrial Engineering, vol. 18, no. 3, pp. 120-129, 2011.

T. J. Hsieh, “Hierarchical redundancy allocation for
multi-level  reliability  systems  employing a
bacterial-inspired evolutionary algorithm”, Information
Sciences, 288, pp. 174-193, 2014.

DOI: https://doi.org/10.1016/].ins.2014.07.055

W. C. Yeh, “A two-stage discrete particle swarm
optimization for the problem of multiplemulti-level
redundancy allocation in series systems”, Expert Systems
with Applications, vol. 36, no. 5, pp. 9192-9200, 2009.
DOI: https://doi.org/10.1016/j.eswa.2008.12.024

X. S. Yang, S. Deb, “Cuckoo search via le’vy flights”,
Proceedings of World Congress on Nature &
Biologically Inspired Computing, Coimbatore, India,
2009.

A. Ouaarab, B. Ahiod, and X. S. Yang, “Discrete cuckoo
search algorithm for the travelling salesman problem”,
Neural Computing & Application, vol. 24, no. 7, pp.
1659 - 1669, 2014.

DOI: https://doi.org/10.1007/s00521-013-1402-2

P. Dasgupta and S. Das, “A discrete inter-species cuckoo
search for flow shop scheduling problems”, Computers
& Operations Research, 60, pp. 111-120, 2015.

DOI: https://doi.org/10.1016/j.cor.2015.01.005

H. Garg, “An approach for solving constrained reliability
redundancy allocation problems using cuckoo search
algorithm”, Beni-suef University Journal of Basic and
Applied Science, vol. 4, no. 1, pp. 14-25, 2015.

DOI: https://doi.org/10.1016/j.bjbas.2015.02.003

Sh1l-Han Chung)

©2009 9¢ :
3} (FepupA
©2004 6 ~ 20109 8¢ :
2HF) 1078 FYATY

=] Sk LA
PArSta 243

&
pal

=

20104 9€ ~ 2011 109 : ¥~
A A AT Y FEA
©2011% 109 ~ 2014 29 : =
7NEEAY FAAGERE AddTd
20141 3¢ ~ A . SAEEtu kg A g v
Zu4
<ok
A Aggel, FAEe, AlEdolA, 43t



