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A Hybrid Parallel Genetic Algorithm for
Reliability Optimal Design of a Series System

Ki Tae Kim - Geonwook Jeon*

Department of Operations Research, Korea National Defense University

Reliability has been considered as a one of the major design measures in various industrial and military systems. The
main objective is to suggest a mathematical programming model and a hybrid parallel genetic algorithm(HPGA) for the
problem that determines the optimal component reliability to maximize the system reliability under cost constraint in this
study. Reliability optimization problem has been known as a NP-hard problem and normally formulated as a mixed binary
integer programming model. Component structure, reliability, and cost were computed by using HPGA and compared with
the results of existing meta-heuristic such as Ant Colony Optimization(ACO), Simulated Annealing(SA), Tabu Search(TS)
and Reoptimization Procedure. The global optimal solutions of each problem are obtained by using CPLEX 11.1. The re-

sults of suggested algorithm give the same or better solutions than existing algorithms, because the suggested algorithm

could paratactically evolved by operating several sub-populations and improving solution through swap and 2-opt processes.
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2 A7e ARG ngoF o|Foln vkt 74
Eo] A3, 7t ABEA 2 Yo FE(Redundancy)
g 1A v vY FAEFE AMESE FEA
A= A A BAE Y FAE A
FxE 03t 1A}o]e] A5 g, FAE FF 03} 1
Z olFoz 27 AL Yy TH= & 27 AF
Al¥ X ¥ (Mixed Binary Integer Programming Model)©] %)
™, Garey and Johnson[1]2 '3 #l(Knapsack Problem)
¢} FYst, NP-hardl 2F 3 FA(Combinatorial
Optimization Problem)z} 3}t
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- 2" i@ HAHAE gAEy] 98t shed H@Ed
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Method)# =% & A 3l|(Local Optima)o] x]7) $& F
2|28 W¥(Heuristic Method)®] ©4-& B ebstm, &2
g7 sk BAVL 2 B4l 2 FEuA gou,
TS FAY Lol 7sd FAHA L] E(Genetic
Algorithm, GA), 7iv] #3 A 3K Ant Colony Optimiza-
tion, ACO), 29 T3 d(Simulated Annealing, SA), B¢
A H(Tabu Search, TS) 52 wiel Fu)2E(Meta-Heu-
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al.[3]2 Nahas and Nourelfath[6]7} A|A]3 AHA| A o
Ao wigte] SA% TSE HE3¥oen, A28 43
dAE =& F TSE T3 HAHE sA9 278z o
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B {42 &3] E(Parallel Genetic Algorithm, PGA)
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B d7dANE 74 gdevHEe] AR miXe
FEgE BHE HAES T v ¥ gudEH £AY
EA4d 2+ mnlgE L9, # d79 £
g He of <& >3 2t

<E 3> {8 nlenje

Genetic Pop. | Crossover | Mutation | Number of
Parameter | Size | Rate(P.) | Rate(Pn) | Generation
Value 100 08 0.02 1,000
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PGAYIA AAE HE AMEtn HFHE IE3] 9
&to] Swap 2 2-Opt 71'H& HE3Arh Swap 7Y
PGAOIX A 5789 8 FAA 2719] & MEEe
shtel HEE 4% agsts Wolth Swap 71HE
&3 F A= Mg ¢ dlE PGAY 2 AA
dton, AAE st oA 2719 HEE HH3)
o A5 wgde 2-0pt 7IHEE HES T AFEIL 7L
F 73 8 HPGAY HFIA=Z A&t

4. +x i ¥ A1 B
4.1 Mg ofx|

£ @7oM Add dngEe A4s< Brrar) st

7HA dAE 83t AEe AASST 4F d
Nahas and Nourelfath[6]2] AFolA AAE 477
A} o] FolA 7HF BRe H9-A oA 49 dlolH

Kim et al[3]°] AEFx HHZ thA] ddsto &
Ml oA 582 FA ¥t} Nahas and Nourelfath[6]¢] 47}
JASE Z+2t 60, 80, 100, 166719 FAESR o] F
A i, dA 1~3& 1570, A 45 25719 HEA]
go] Adg AZAE Azdo|, A Al=d &
b ]88 Zbz}h 1000, 900, 1000, 1400°)Th
CPLEXS| M & Hl4E EALSTE & ¢ 7] dE
o B d39 uAdges Fed ST A (Dol Wl
F(Logarithm)Z F3ld ol A (NF 2o AFEr=E
Hgslgon, Bdd 298 A A5 Fdsd 48
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42 A8 dat BN

A8 oA 1~49] t)sle] CPLEX9} HPGAE %83}
o dgsigen, 49 Ax AEdH FEEFY 72 A
) 2 uge e <F po} Zrh

HPGAE o]&3te A Aa BE dAdA HF
e AFsHos, Z oAl e Fedn| &L 10, 0, 5,
0~52 vehgth oA 49X 37019 HHHE A&
on, 71& AT BAGA Eg A=ZE HAH((3-3-
3-5-2-3-2-2-3-1-2-3-4-3-1-3-3-3-4-2-3-2-2-3-) & =&3% ),

B 7oA A HPGAS #-83t9 HAd g4
AdE 103 AASY A& A= A} Nahas and
Nourelfath[6]2] ACO, Kim et al.[4]9] SA, Kim et al.[3]9]
TS 5 de F2l2" 7Hg o8¢ 7|& A7 ¥
T AFE vudger, o <& 554 2

<& 4> CPLEX®} Hybrid HE |XX Yna|F0 2 oA 1~4 48 dat

Example | Number of | Number of | CPLEX HPGA

No. Subsystem |  Variable s Reliability Components Structure Reliability | Cost

1 15 60 1000 0.857054 3-4.5.2.3.3.2-3.2-2+234-32 0.857054 990

2 15 80 900 | 0915042 3.3-3-4-2-3-3-2-4-1-2-3-4-3-1 0915042 | 900

3 15 100 1000 | 0965134 3-3-4-4-3-3-2-2-3-2-2-4-4-4-2 0965134 | 995
3.3-3.5.2-3-2-2-3-1.2-3-4-4-12-3-3-4-2.3-2-2-3-1 | 0.865439 | 1395

4 25 166 1400 | 0.865439 | 3-3.3-5-2-3-22-3-12-3-4-3-1-3-3-3-4-2-3-2-2-3-1 | 0.865439 | 1395
2-3-3-42-3-22-3-1.2-3-3-4-1-3-3-3-5-3-3-2-2-3-1 | 0.865439 | 1400
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<E 5> MEF FEIAE J|Hae] MY A3} 6|2(102] HE)

ACOI6} SAl4] TSI[3] HPGA

ﬁ’é {Nahas and Nourelfath) (Kim et al) {Kim et al.) (This Study)

Max Ave. SD. Max Ave. SD. Max Ave. S.D. Max Ave. SD.
1 0.85705 | 0.85705 0 0.85765 | 0.85705 0.857054 | 0.857054 0 0.857054 | 0.857054 0
2 0.91504 | 0.91504 0 0.91564 | 0.91504 0915042 | 0915042 0 0.915042 | 0.915042 0
3| 096512 | 0.96439 | 0.00050 | 0.96513 | 096503 | 0.00033 | 0965134 | 0965134 | 0 | 0.965134 | 0965134 | 0
4 | 086543 | 0.86491 | 0.00038 | 086543 | 086536 | 0.00025 | 0.865439 | 0865439 | 0 | 0.865439 | 0.865439 | 0
B Aqoa A GagEo] BE dA9 103 A o APT = (Maz — CPLEX) 100 ®

FolA Wik glo] BT HHsZ AT ACR ek (1-CPLEX)

P

ow, ACO%} SARTHE 943 A E &893, TS
T FY 29E 4g F oich dugsd s g
AlZHE ACO7E 0.3% oW, SASH TS7F 1% o], HPGA
7F 01728 47 2838l B dAqoA] Aekst dag
o gL wE oz Yeiyd

Nahas and Nourelfath[6]9] AF-ollA AAIE 47}4] 4
A A 7 Bt B¢ dA 49] dio]EE Kim
et al[3]o] AEFZ FEZ A dZste] HHAxE
o] && 100, 200702 43 oAl 5, 60 et & A
< A%t CPLEXE &-83 du)ddos 9849
Hl-g Akg HHow F/iAY AS Az dA A
g7}t volx @A Holgte #e Falo oA 59
62 H]& A S 7200, 1440090 M5B A &8t on, H]
£ 474 508 TR 10, 157FA19] B$o st &
AdEE AAEAT =3 dugFY $FAEL Fals)
7] $18td AR xe AX HEE YehdE MPI(Maximum
Possible Improvement}E CPLEX FHAF|E 7|F£o=2 2

(8)& °]&3t A&

10074¢] MBA2do] AE2 AZHE oA 5o g
HPGAS g 103 HAjgte] g A= A=
g <% 67 2om, ¥ AkE aAHT 107149
A FoA SAS TSE o8& 7€ A7 NE=E 4
o Haf o B s HAHAE AT AN, HH
g AT %& AvdE uMPUL FLEdAY ¢
g A7g =&3th gaEE 89 FHAATE sA
7b 3t 1207%, TS7F ¥ 4412, HPGA7} 42625
72} 2Q98ke] B ATelA At daelge] ga&
=7h whe Zo R yEyth ~

A BEA 2ol 20074 «lA] 6ol tiek dEe 103 A
Agtel & AE Ade U <E I gon,
157k 9 A3 FAA TS sAE EF AHAS 4
T A= AREG o B2 oW HHHE ATAA
1, AHHE ATHA £F A= %MPIZF 5Lt
7Y ekt

ol HPGAZF ¥ 7jel H& RAES 83t A

s

il

ri

=

<E 6> GiH 5 A H(108 HE)

SA[3] TSI3] HPGA
o CPLEX {Kim et al) {Kim et al) {This Study)

Max SD. %MPI Max S.D. %eMPI Max SD %MPI
7200 9.895758 0.895575 0.001342 -0.1756 0.895758 0.000312 0 0.895758 0.001017 0
7250 0.900167 | 0.899438 0.001050 -0.7302 0.899984 0.000305 -0.1833 0.899984 0.000236 -0.1833
7300 0.904599 | 0.903866 0.001027 -0.7683 0.904414 0.000390 -0.1939 0.904599 0.000529 0
7350 0.908866 | 0.908405 0.001202 -0.5058 0.908866 0.000480 0 0.908866 0.000424 0
7400 0913154 | 0.912601 0.000499 -0.6368 0.913064 0.000337 -0.1036 0913114 0.000107 -0.0461
7450 0.917184 0.916815 0.000510 -0.4456 0.917093 0.000494 -0.1099 0.917184 0.000229 0
7500 0.921141 0.920770 0.000743 -0.47G5 0.921141 0.000365 0 0.921141 0.000156 0
7550 0.925023 0.925023 0.000590 0 0.925023 0.000502 0 ©0.925023 0.000172 0
7600 0.929013 0.928269 0.000696 -1.0481 0.929613 0.000445 0 0.929013 0 0
7650 0.931526 | 0.931526 0.000388 0 0.931526 0 0 0.931526 0 0
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<E 7> OiH 6 AlE ZuK103 ")
TSI[3] TS+SA Reoptimization[3] HPGA
Gy CPLEX {Kim et al) {Kim et al) (This Study)
Max SD. %MPI Max SD. %MPI Max SD. %MPI
14400 0.802546 0.802218 0.000425 -0.1661 0.802218 0 -0.1661 0.802364 0.000110 -0.0922
14450 0.806496 0.806167 0.000396 -0.1700 0.806167 0 -0.1760 0.806251 0.000076 -0.1266
14500 0.810301 0.809890 0.000519 -0.2167 0.809970 0 -0.1745 0.810301 0.000094 0
14550 $.814290 0.813792 0.000352 -0.2682 0.813792 0 -0.2682 0.813792 0.000182 3.2682
14600 0.818299 0.817388 0.000391 -0.5014 0.817798 0.000053 -02757 0.817984 0.000003 -0.1734
14650 $.822160 0.821656 | 0.000891 -0.2834 0.821656 0 -0.2834 0.822160 i} 0
14700 0.826207 0.824787 0.000709 -0.8171 0.825364 0.000142 -0.4851 0.825774 0.000325 -(.2491
14750 0.830105 0.829263 0.000815 -0.4956 0.829427 0.000026 -0.3991 0.830105 0.000407 0
14800 0.833851 0.833428 0.000891 -0.2546 0.833510 0.000026 -0.2052 0.833604 0.000450 -0.1487
14850 0.837614 0.837448 0.000824 -0.1022 0.837614 0 0 0.837614 0 0
14900 0.841310 0.840805 0.000786 -0.3182 0.841316 0.000107 0 0.841316 0 0
14950 0.844856 0.844009 0.000506 -0.5459 0.844856 0.000215 0 0.844856 1] 0
15000 0.848500 0.848332 0.000610 -0.1109 0.848500 0.000027 0 0.848500 ] 0
15050 0.852076 0.851991 0.000722 -0.0575 0.852076 0 0 0.852076 0 1]
15100 6.855751 0.855582 0.000679 -0.1172 0.855751 0 0 0.855751 0 4]
2 S¥¥oln WEqon AsFoes dndFe & oA T tF HPGAY HFE T NHRE A
4% =Y F UdSien, PGA o1F Nd w4 dued 23 2y 3 HHAE AT den, uMPIE 3
Z9) Swap, 2-Opt %‘ra}*w HAL Bl E ALT  uE Ao AAFE HHH ZHT HE EEds
oBZM 953 8 L 5 Uk AE ¢ F U
TALEE B8 £ ?OM A¢te HPGAS A%
of S ¢ F ANoH, HEAAHY FF 1000
N2 34T oAl 78 At F71 S 4ge dA 5, H B
AT H& A FS 900000 A2 A Fstgen v&
< 10004 F7HAZ 107FA)1 S Z$-ol diste] 1089 & B dFoME Y3 7%S ZA T AES HE
A8 ANsgen, APe B AEd NzyxE o /‘1i o oo fhméﬂ H]g-9] Aekg w3}

dA 7 AEAZE ] F

v FHES
7] A9 A9 7

1YFY Ase
B oA A AgHe gugEoe]l BE
CPLEX9 U3 HA&E AFsAn

B7akglet.

£ dAE

18 38kA
A&-8he 2‘133/\1*@91 A =g Hdst
AL

dEg 2se AR X5 &
Al st CPLEXE &3] HAFHE A=

o)

o, HPGAE °]43 UL A A3

HPGAE ol &3t 7AFY 7434 =g A4sd
¥ A2 Z3g CPLEXE 78 A9 e F=
g 71EE B4 olde A7EF vlaste] AgY &

&% A
, HE FElsH

B al,

ATE 0L <E 8>3} 2ot
<E 8> WA 7 A8 HA(108] AE)
HPGA
Cs CPLEX

Max SD. %MP}
90000 0.831082 0.830757 0.000681 -0.1924
91000 0.847706 0.846918 0.000594 -0.5174
92000 0.860003 0.859647 0.000317 -0.2543
93000 0.871659 0.871516 0.000183 -0.2228
94000 0.883369 0.883275 0.000262 -0.0806
95000 0.895226 0.895185 0.000208 -0.0391

96000 0.904832 0.904832 0.000079 0
97000 0.913836 0.913791 0.000053 -0.0522

98000 0.920716 0.920716 0.000016 0

99000 0.924869 0.924869 0 ]
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