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Multi-Level Redundancy Allocation Optimization Problems
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This paper considers redundancy optimization problems of multi-level systems and reviews existing papers
which proposed various optimization models and used different algorithms in this research area. Three different
mathematical models are studied: Multi-level redundancy allocation (MRAP), multiple multi-level redundancy
allocation, and availability-based MRAP models. Many meta-heuristics are applied to find optimal solutions in
the several optimization problems. We summarized key idea of meta-heuristics applied to the existing MARP
problems. Two extended models (MRAP with interval reliability of units and an integrated optimization problem
of MRAP and preventive maintenance) are studied and further research ideas are discussed.
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Figure 1. 4-Level System
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Figure 2. Redundancy of the Lowest Level vs Module Redundancy
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Figure 3. MRAP under path Set Constraint
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Figure 9. Hierarchical Genotype Representation in System U/, (Kumar et al., 2008)
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Figure 11. The two dimensional representation scheme(He ez al., 2013)
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Figure 12. An Example of the BiEA Solution Encoding(Hsieh, 2014)
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Figure 13. Solution Representation of BIEA in MRAOP
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Table 2. Comparison of Result of Genetic Algorithm(GA) and
Optimal Solution

RESER S

GA Enumeration

Cost | Total | Min Max | Total | Min Max

cost Rel Rel cost Rel Rel
150" 149 | 0.6743 | 0.9153 | 149 | 0.6743 | 0.9153
160 158 | 0.7114 | 0.9268 | 159 | 0.7470 | 0.9272
170" 169 | 0.7438 | 0.9349 | 169 | 0.7438 | 0.9349
180 174 | 0.7393 | 0.9437 | 175 | 0.7681 | 0.9418
190 186 | 0.8030 | 0.9500 | 184 | 0.8190 | 0.9560
200 202 0.8345 | 0.9674 199 0.8172 | 0.9581
210° 202 | 0.8345 | 0.9674 | 202 | 0.8345 | 0.9674
220 215 | 0.8493 | 0.9756 | 215 | 0.8493 | 0.9756
230 215 | 0.8493 | 0.9756 | 228 | 0.8602 | 0.9766
240 241 0.8754 | 0.9849 228 0.8602 | 0.9766
250 241 | 0.8754 | 0.9849 | 241 | 0.8754 | 0.9849
260" 257 | 0.8876 | 0.9823 | 257 | 0.8876 | 0.9823
270° 270 | 0.9033 | 0.9906 | 270 | 0.9033 | 0.9906
280" 270 | 0.9033 | 0.9906 | 270 | 0.9033 | 0.9906
290 270 | 0.9033 | 0.9906 | 270 | 0.9033 | 0.9906
300" 299 | 0.9056 | 0.9902 | 299 | 0.9056 | 0.9902
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