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A Reliability Optimization Problem of System with Mixed

Redundancy Strategies
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The reliability is defined as a probability that a system will operate properly for a specified period of time
under the design operating conditions without failure and it has been considered as one of the major design
parameters in the field of industries. Reliability-Redundancy Optimization Problem(RROP) involves selec
tion of components with multiple choices and redundancy levels for maximizing system reliability with
constraints such as cost, weight, etc. However, in practice both active and cold standby redundancies may
be used within a particular system design. Therefore, a redundancy strategy(active, cold standby) for each
subsystem in order to maximize system reliability is considered in this study. Due to the nature of RROP,
i.e. NP-hard problem, A Parallel Particle Swarm Optimization(PPSO) algorithm is proposed to solve the
mathematical programming model and it gives consistently better quality solutions than existing studies

for benchmark problems.

Keyword: reliability optimization, redundancy strategy, cold standby, parallel particle swarm

optimization(PPSO)
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Table 2. The Experimental Results for Example 1
PPSO (This Study)

No. N4 GA MA
Best %MPI
1 159 0.9641 0.9691 0.983799 47.57
2 160 0.9629 0.9688 0.984059 4891
3 161 0.9636 0.9663 0.984517 54.06
4 162 0.9564 0.9643 0.984777 57.36
5 163 0.9675 0.9698 0.985407 51.68
6 164 0.9619 0.9678 0.985542 55.10
7 165 0.9454 0.9632 0.986126 62.30
8 166 0.9647 0.9670 0.986261 58.37
9 167 0.9614 0.9639 0.986732 63.25
10 168 0.9669 0.9687 0.986914 58.19
11 169 0.9602 0.9591 0.987185 67.80
12 170 0.9705 0.9719 0.987520 55.59
13 171 0.9639 0.9647 0.987791 65.41
14 172 0.9608 0.9685 0.987974 61.82
15 173 0.9717 0.9767 0.988258 49.60
16 174 0.9707 0.9676 0.988580 61.02
17 175 0.9681 0.9700 0.988712 62.37
18 176 0.9703 0.9708 0.989047 62.49
19 177 0.9738 0.9758 0.989319 55.86
20 178 0.9734 0.9661 0.989501 60.53
21 179 0.9756 0.9839 0.989687 35.94
22 180 0.9834 0.9839 0.990109 38.57
23 181 0.9741 0.9831 0.990109 41.47
24 182 0.9797 0.9841 0.990477 40.11
25 183 0.9737 0.9823 0.990602 46.91
26 184 0.9804 0.9866 0.990750 30.97
27 185 0.9844 0.9841 0.990999 42.30
28 186 0.9821 0.9839 0.991185 45.25
29 187 0.9815 0.9853 0.991243 40.43
30 188 0.9771 0.9874 0.991493 32.48
31 189 0.9861 0.9847 0.991605 39.60
32 190 0.9863 0.9870 0.991768 36.68
33 191 0.9856 0.9865 0.991989 40.66

Avg. CPU Time 526 Sec. 1.24 Sec.

Note) Best of existing studies/Superior solution.
%MPI = {(Best-Existing_Best)/(1-Existing_Best)}x100.

APAH, 33F9 ZE EA A Tavakkoli-Moghaddam et
al(2008)9] GA(Genetic Algorithm)®} Safari et 2/(2010)2] MA(Me-
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Table 3. The Experimental Results for Example 2

PPSO Algorithm (20 runs)

Max.

No. W Min.

o S.D.

C W Reliability  Reliability
1 159 110 159 0.330194 0.311610 0.0093
2 160 111 160 0.337370 0.323358 0.0068
3 161 112 161 0.353645 0.336864 0.0045
4 162 111 162 0.357521 0.331972 0.0077
5 163 113 163 0.386660 0.335544 0.0101
6 164 113 164 0.390898 0.368897 0.0098
7 165 114 165 0.399393 0.377054 0.0079
8 166 115 166 0.414451 0.385249 0.0089
9 167 115 167 0.418993 0.363094 0.0171
10 168 116 168 0.428099 0.423173 0.0020
11 169 118 169 0.445572 0.414177 0.0073
12 170 118 170 0.450455 0.437021 0.0058
13 171 119 171 0.460245 0.429676 0.0072
14 172 120 172 0.477597 0.465196 0.0051
15 173 120 173 0.482832 0.470153 0.0064
16 174 121 174 0.493325 0.493325 -
17 175 123 175 0.498246 0.488792 0.0021
18 176 124 176 0.517031 0.503606 0.0063
19 177 124 177 0.522697 0.508806 0.0047
20 178 125 178 0.534057 0.534057 -
21 179 125 178 0.535471 0.535471 -
22 180 127 180 0.549099 0.544954 0.0017
23 181 128 181 0.558055 0.553104 0.0024
24 182 128 182 0.567182 0.567182 -
25 183 128 183 0.579682 0.576432 0.0007
26 184 128 184 0.586035 0.585579 0.0002
27 185 129 185 0.598771 0.588194 0.0054
28 186 124 186 0.602073 0.597528 0.0011
29 187 125 187 0.611893 0.597528 0.0062
30 188 125 188 0.621900 0.621900 -
31 189 126 189 0.632043 0.632043 -
32 190 125 190 0.634590 0.634590 -
33 191 128 191 0.649845 0.644940 0.0015
Avg. CPU Time 0.81 Sec. (S.D : 0.132)
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