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An Optimal Reliability-Redundancy Allocation Problem by using
Hybrid Parallel Genetic Algorithm

Ki Tae Kim - Geonwook Jeon
Department of Operations Research, Korea National Defense University, Seoul 122-875

Reliability allocation is defined as a problem of determination of the reliability for subsystems and com-
ponents to achieve target system reliability. The determination of both optimal component reliability and
the number of component redundancy allowing mixed components to maximize the system reliability
under resource constraints is called reliability-redundancy allocation problem(RAP).

The main objective of this study is to suggest a mathematical programming model and a hybrid parallel genetic
algorithm(HPGA) for reliability-redundancy allocation problem that decides both optimal component reliability
and the number of component redundancy to maximize the system reliability under cost and weight constraints.
The global optimal solutions of each example are obtained by using CPLEX 11.1. The component structure,
reliability, cost, and weight were computed by using HPGA and compared the results of existing meta-
heuristic such as Genetic Algoritm(GA), Tabu Search(TS), Ant Colony Optimization(ACO), Immune
Algorithm(IA) and also evaluated performance of HPGA.

The result of suggested algorithm gives the same or better solutions when compared with existing algo-
rithms, because the suggested algorithm could paratactically evolved by operating several sub-populations
and improve solution through swap, 2-opt, and interchange processes. In order to calculate the impro-
vement of reliability for existing studies and suggested algorithm, a maximum possible improvement(MPI)
was applied in this study.

Keyword: reliability-redundancy allocation problem, reliability optimization, hybrid parallel genetic
algorithm
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Table 4. Component Data for Testing Problems
Component Choices
Subsystem - ; - :
No. Choice 1 Choice 2 Choice 3 Choice 4
R C W R C W R C W R C W
1 0.90 1 3 0.93 1 4 0.91 2 2 0.95 2 5
2 0.95 2 8 0.94 1 10 0.93 1 9 * * *
3 0.85 2 7 0.90 3 5 0.87 1 6 0.92 4 4
4 0.83 3 5 0.87 4 6 0.85 5 4 * * *
5 0.94 2 4 0.93 2 3 0.95 3 5 * * *
6 0.99 3 5 0.98 3 4 0.97 2 5 0.96 2 4
7 091 4 7 0.92 4 8 0.94 5 9 * * *
8 0.81 3 4 0.90 5 7 091 6 6 * * *
9 0.97 2 8 0.99 3 9 0.96 4 7 091 3 8
10 0.83 4 6 0.85 4 5 0.90 5 6 * * *
11 0.94 3 5 0.95 4 6 0.96 5 6 * * *
12 0.79 2 4 0.82 3 5 0.85 4 6 0.90 5 7
13 0.98 2 5 0.99 3 5 0.97 2 6 * * *
14 0.90 4 6 0.92 4 7 0.95 5 6 0.99 6 9
* ; Infeasible
Table 5. Numerical Results by using a Hybrid Parallel Genetic Algorithm(C=130)
No. \\% Components Structure Reliability Cost Weight
1 191 333, 11, 444, 3333, 222, 22, 111, 1111, 12, 233, 33, 1111, 11, 34 0.9868110 130 191
2 190 333, 11, 444, 3333, 222, 22, 111, 1111, 11, 233, 33, 1111, 12, 34 0.9864161 130 190
3 189 333, 11, 444, 3333, 222, 22, 111, 1111, 23, 233, 13, 1111, 11, 34 0.9859217 130 189
4 188 333, 11, 444, 3333, 222, 22, 111, 1111, 23, 223, 13, 1111, 12, 34 0.9853782 130 188
5 187 333, 11, 444, 3333, 222, 22, 111, 1111, 13, 223, 13, 1111, 22, 34 0.9846881 130 187
6 186 333, 11, 444, 333, 222, 22, 111, 1111, 23, 233, 33, 1111, 22, 34 0.9841755 129 186
7 185 333, 11, 444, 3333, 222, 22, 111, 1111, 23, 223, 13, 1111, 22, 33 0.9835049 130 185
8 184 333, 11, 444, 333, 222, 22, 111, 1111, 33, 233, 33, 1111, 22, 34 0.9829940 130 184
9 183 333, 11, 444, 333, 222, 22, 111, 1111, 33, 223, 33, 1111, 22, 34 0.9822557 129 183
10 182 333, 11, 444, 333, 222, 22, 111, 1111, 33, 333, 33, 1111, 22, 33 0.9815183 130 182
11 181 333, 11, 444, 333, 222, 22, 111, 1111, 33, 233, 33, 1111, 22, 33 0.9810271 129 181
12 180 333, 11, 444, 333, 222, 22, 111, 1111, 33, 223, 33, 1111, 22, 33 0.9802902 128 180
13 179 333, 11, 444, 333, 222, 22, 111, 1111, 33, 223, 13, 1111, 22, 33 0.9795047 126 179
14 178 333, 11, 444, 333, 222, 22, 111, 1111, 33, 222, 13, 1111, 22, 33 0.9784003 125 178
15 177 333, 11, 444, 333, 222, 22, 111, 113, 33, 223, 13, 1111, 22, 33 09775953 126 177
16 176 333, 11, 444, 333, 222, 22, 33, 1111, 33, 223, 13, 1111, 22, 33 0.9766905 124 176
17 175 333, 11, 444, 333, 222, 22, 13, 1111, 33, 223, 33, 1111, 22, 33 0.9757079 125 175
18 174 333, 11, 444, 333, 222, 22, 13, 1111, 33, 223, 13, 1111, 22, 33 0.9749261 123 174
19 173 333, 11, 444, 333, 222, 22, 13, 1111, 33, 222, 13, 1111, 22, 33 0.9738268 122 173
20 172 333, 11, 444, 333, 222, 22, 13, 113, 33, 223, 13, 1111, 22, 33 0.9730266 123 172
21 171 333, 11, 444, 333, 222, 22, 13, 113, 33, 222, 13, 1111, 22, 33 0.9719295 122 171
22 170 333, 11, 444, 333, 222, 22, 13, 113, 33, 222, 11, 1111, 22, 33 0.9707604 120 170
23 169 333, 11, 444, 333, 222, 22, 11, 113, 33, 222, 13, 1111, 22, 33 09692910 121 169
24 168 333, 11, 444, 333, 222, 22, 11, 113, 33, 222, 11, 1111, 22, 33 0.9681251 119 168
25 167 333, 11, 444, 333, 22, 22, 13, 113, 33, 222, 11, 1111, 22, 33 0.9663351 118 167
26 166 333, 11, 44, 333, 222, 22, 13, 113, 33, 222, 11, 1111, 22, 33 0.9650416 116 166
27 165 333, 11, 444, 333, 22, 22, 11, 113, 33, 222, 11, 1111, 22, 33 0.9637118 117 165
28 164 333, 11, 44, 333, 222, 22, 11, 113, 33, 222, 11, 1111, 22, 33 0.9624219 115 164
29 163 333, 11, 44, 333, 22, 22, 13, 113, 33, 222, 11, 1111, 22, 33 0.9606424 114 163
30 162 333, 11, 44, 333, 22, 22, 11, 113, 33, 222, 13, 1111, 22, 33 0.9591884 115 162
31 161 333, 11, 44, 333, 22, 22, 11, 113, 33, 222, 11, 1111, 22, 33 0.9580346 113 161
32 160 333, 11, 44, 333, 22, 22, 11, 111, 33, 222, 13, 1111, 22, 33 0.9557144 112 160
33 159 333, 11, 44, 333, 22, 22, 11, 111, 33, 222, 11, 1111, 22, 33 0.9545648 110 159
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DR Z(Z%j : %) R ) G = (1=7) 0= 1 20005
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=0, / Foll Agote] FAFY 72 AT, v &, FHFE AN 2
m = 7l 7}
1< Emi_ié u,i=1,2, -, s (15) 4; :Table 5>3} ZE_E]-_; o o
= & ATl A AL stol B = HE FHA LY FE o]
2,2 0,i=1,2,-, 5, j=1,2,--, m,Integer (16) &3}o] A& A% F-& CPLEX, Coit and Smith(1996)2] GA,
1, if ;; of the jth component Kulturel-Konak ¢t al.(2003)9] TS, Liang and Smith(2004)] ACO,
iz, -z, :{0 are used for subsystem i (1) chen and You(2005)2] 1A 5 WEFREI2E 78 € o] 82 AT
Lo Ashe} W @ahg o m, ¥l T ATHE <Table 653 21},
Table 6. Comparison of CPLEX, Meta-Heuristics, and HPGA(C=130)
No. W A TS Reliability ACO m HPGA Number of Optimal
CPLEX (Coit and Smith)  (Kulturel-Konak etal.) (Liang and Smith)  (Chen and You) (This Study) by HPGA(LO runs)
1 191 0.9868110 0.9867 0.986811 0.9868 0.9868110 0.9868110 8/10
2 190 0.9864161 0.9857 0.986416 0.9859 0.9864161 0.9864161 7/10
3 189  0.9859217 0.9856 0.985922 0.9858 0.9859217 0.9859217 9/10
4 188 0.9853782 0.9850 0.985378 0.9853 0.9853297 0.9853782 8/10
5 187 0.9846881 0.9844 0.984688 0.9847 0.9844495 0.9846881 8/10
6 186  0.9841755 0.9836 0.984176 0.9838 0.9841755 0.9841755 9/10
7 185 0.9835049 0.9831 0.983505 0.9835 0.9834363 0.9835049 8/10
8 184 0.9829940 0.9823 0.982994 0.9830 0.9826980 0.9829940 9/10
9 183 0.9822557 0.9819 0.982256 0.9822 0.9822062 0.9822557 7110
10 182 0.9815183 0.9811 0.981518 0.9815 0.9815183 0.9815183 9/10
11 181 0.9810271 0.9802 0.981027 0.9807 0.9810271 0.9810271 8/10
12 180  0.9802902 0.9797 0.980290 0.9803 0.9802902 0.9802902 9/10
13 179 0.9795047 0.9791 0.979505 0.9795 0.9795047 0.9795047 9/10
14 178 0.9784003 0.9783 0.978400 0.9784 0.9782085 0.9784003 7/10
15 177 0.9775953 0.9772 0.977474 0.9776 0.9772429 0.9775953 8/10
16 176  0.9766905 0.9764 0.976690 0.9765 0.9766905 0.9766905 7/10
17 175 0.9757079 0.9753 0.975708 0.9757 0.9757079 0.9757079 9/10
18 174 09749261 0.9744 0.974788 0.9749 0.9746901 0.9749261 6/10
19 173 0.9738268 0.9738 0.973827 0.9738 0.9737580 0.9738268 8/10
20 172 0.9730266 0.9727 0.973027 0.9730 0.9730266 0.9730266 9/10
21 171 09719295 0.9719 0.971929 0.9719 0.9719295 0.9719295 7110
22 170 0.9707604 0.9708 0.970760 0.9708 0.9707604 0.9707604 9/10
23 169  0.9692910 0.9692 0.969291 0.9693 0.9692910 0.9692910 8/10
24 168  0.9681251 0.9681 0.968125 0.9681 0.9681251 0.9681251 8/10
25 167  0.9663351 0.9663 0.966335 0.9663 0.9663351 0.9663351 8/10
26 166  0.9650416 0.9650 0.965042 0.9650 0.9650416 0.9650416 9/10
27 165  0.9637118 0.9637 0.963712 0.9637 0.9637118 0.9637118 7110
28 164 0.9624219 0.9624 0.962422 0.9624 0.9624219 0.9624219 7/10
29 163 0.9606424 0.9606 0.959980 0.9606 0.9606424 0.9606424 8/10
30 162  0.9591884 0.9591 0.958205 0.9592 0.9591884 0.9591884 6/10
31 161  0.9580346 0.9580 0.956922 0.9580 0.9580346 0.9580346 7/10
32 160 0.9557144 0.9557 0.955604 0.9557 0.9557144 0.9557144 6/10
33 159  0.9545648 0.9546 0.954325 0.9546 0.9545648 0.9545648 8/10

: Superior Solution.
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Figure 7. MPI Comparison of HPGA and Meta-Heuristics

Table 7. Numerical Results of the Large-Scale Examples
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Max S.D. Number of Optimal
1 14 130 191 0.9868110 0.9868110 0.000021 8/10
2 28 260 382 0.9740720 0.9740720 0.000147 6/10
3 42 390 573 0.9612374 0.9612374 0.000564 4/10
4 56 520 764 0.9488162 0.9488162 0.001095 1/10
5 70 650 955 0.9370413 0.9370413 0.001732 1/10
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