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Reliability has been considered as an important design measure in various industrial systems. We discuss a
reliability optimization problem with component choices (ROP-CC) subject to a budget constraint. This problem
has been known as a NP-hard problem in the reliability design fields. Several researchers have been working to
find the optimal solution through different heuristic methods. In this paper, we describe our development of
simulated annealing (SA) and tabu search (TS) algorithms and a reoptimization procedure of the two algorithms
for solving the problem. Experimental results for some examples are shown to evaluate the performance of these
methods. We compare the results with the solutions of a previous study which used ant system (AS) and the
global optimal solution of each example obtained through an optimization package, CPLEX 9.1. The
computational results indicate that the developed algorithms outperform the previous results.
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Figure 1. A sample path of the solution representation
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Table 1. Component data for the example 4

Alternatives

Component
1 2 3 4 5 6 7 8
1 Reliability 0.9 0.99 0.999 0.9999 0.99999 0.999999 0.9999999  0.99999999
Cost 20 40 60 80 100 120 140 180
5 Reliability 0.85 0.9775 0.9966 0.9995 0.9999
Cost 30 60 90 120 150
3 Reliability 0.8 0.96 0.99 0.998 0.9997 0.9999 0.99999 0.999999
Cost 20 40 60 80 100 120 140 160
A Reliability 0.75 0.938 0.98 0.999 0.9999
Cost 30 40 50 60 70
5 Reliability 0.85 0.99 0.999 0.9999 0.99998 0.999998 0.9999998  0.99999998
Cost 20 40 65 80 100 120 140 155
6 Reliability 0.9 0.95 0.999 0.9999 0.99999
Cost 25 30 50 70 90
7 Reliability 0.95 0.99 0.997 0.9997 0.99997 0.999997 0.9999997  0.99999997
Cost 40 60 80 100 120 140 160 180
8 Reliability 0.85 0.995 0.999 0.9999 0.99999
Cost 10 30 60 80 120
9 Reliability 0.9 0.95 0.995 0.9995 0.99995 0.999995 0.9999995  0.99999995
Cost 30 50 70 90 110 130 150 170
10 Reliability 0.99 0.999 0.9999 0.99999  0.999999 0.9999999
Cost 15 40 70 100 130 160
1 Reliability 0.95 0.999 0.9998 0.99999  0.999998 0.9999999  0.99999997  0.999999999
Cost 20 40 60 80 100 120 140 160
12 Reliability 0.8 0.9 0.99 0.999 0.9999
Cost 40 60 85 110 130
13 Reliability 0.75 0.85 0.99 0.999 0.9996 0.99996 0.999996 0.9999996
Cost 30 50 80 100 120 140 160 180
1 Reliability 0.8 0.95 0.99 0.999 0.9999
Cost 10 30 40 60 80
15 Reliability 0.99 0.999 0.9999 0.99999  0.999999 0.9999999  0.99999998  0.999999995
Cost 50 80 110 140 160 180 200 220
16 Reliability 0.9 0.99 0.999 0.9999 0.99999 0.999999 0.9999999  0.99999999
Cost 20 40 60 80 100 120 140 180
17 Reliability 0.85 0.9775 0.9966 0.9995 0.9999
Cost 30 60 90 120 150
18 Reliability 0.8 0.96 0.99 0.998 0.9997 0.9999 0.99999 0.999999
Cost 20 40 60 80 100 120 140 160
19 Reliability 0.75 0.938 0.98 0.999 0.9999
Cost 30 40 50 60 70
20 Reliability 0.85 0.99 0.999 0.9999 0.99998 0.999998 0.9999998  0.99999998
Cost 20 40 65 80 100 120 140 155
21 Reliability 0.9 0.95 0.999 0.9999 0.99999
Cost 25 30 50 70 90
29 Reliability 0.95 0.99 0.997 0.9997 0.99997 0.999997 0.9999997  0.99999997
Cost 40 60 80 100 120 140 160 180
23 Reliability 0.85 0.995 0.999 0.9999 0.99999
Cost 10 30 60 80 120
21 Reliability 0.9 0.95 0.995 0.9995 0.99995 0.999995 0.9999995  0.99999995
Cost 30 50 70 90 110 130 150 170
25 Reliability 0.99 0.999 0.9999 0.99999  0.999999 0.9999999
Cost 15 40 70 100 130 160
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Nahas amd Nourelfath(2005) SA algorithm TS algorithm
Example i Max Average S.D. Min Max Average  S.D. Min Max Average  S.D.
1 0.85705 0.85705 0.85705 0 0.857054 0.857054 0.857054 0 0.857054 0.857054 0.857054 0
2 0.91504 0.91504 0.91504 0 0.915042 0.915042 0.915042 0 0.915042 0.915042 0.915042 0
3 0.96406 0.96513 0.96439 0.00050 0.965134 0.965134 0.965134 0 0.965134 0.965134 0.965134 0
4 0.86465 0.86543 0.86491 0.00038 0.865439 0.865439 0.865439 0 0.865439 0.865439 0.865439 0
Example 1 : 0.857054 (3-4-5-2-3-3-2-3-2-2-2-3-4-3-2)
Example 2 : 0.915042 (3-3-3-4-2-3-3-2-4-1-2-3-4-3-1)
CPLEX  Example 3 : 0.965134 (3-3-4-4-3-3-2-2-3-2-2-4-4-4-2)
Example 4 - 0.865439 (3-3-3-5-2-3-2-2-3-1-2-3-4-4-1-2-3-3-4-2-3-2-2-3-1)
0.865439 (2-3-3-4-2-3-2-2-3-1-2-3-3-4-1-3-3-3-5-3-3-2-2-3-1)
Table 3. The experimental results for the example 5
SA algorithm TS algorithm
¢ CPLEX Max S.gD. %MPI Max S?D. %MPI
7200 0.895758 0.895575 0.001342 -0.1756 0.895758 0.000312 0
7250 0.900167 0.899438 0.001050 -0.7302 0.899984 0.000305 -0.1833
7300 0.904599 0.903866 0.001027 -0.7683 0.904414 0.000390 -0.1939
7350 0.908866 0.908405 0.001202 -0.5058 0.908866 0.000480 0
7400 0.913154 0.912601 0.000499 -0.6368 0.913064 0.000337 -0.1036
7450 0.917184 0.916815 0.000510 -0.4456 0.917093 0.000494 -0.1099
7500 0.921141 0.920770 0.000743 -0.4705 0.921141 0.000365 0
7550 0.925023 0.925023 0.000590 0 0.925023 0.000502 0
7600 0.929013 0.928269 0.000696 -1.0481 0.929013 0.000445 0
7650 0.931526 0.931526 0.000388 0 0.931526 0 0

% %MPI = (Max - CPLEX) / (1 - CPLEX) x 100%
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Table 4. The experimental results for the example 6
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TS algorithm TS Reoptimization
C CPLEX
Max S.D. %MPI Max S.D. %MPI

14400 0.802546 0.802218 0.000425 -0.1661 0.802218 0.000000 -0.1661

14450 0.806496 0.806167 0.000396 -0.1700 0.806167 0.000000 -0.1700

14500  0.810301 0.809890 0.000519 -0.2167 0.809970 0.000000 -0.1745

14550 0.814290 0.813792 0.000352 -0.2682 0.813792 0.000000 -0.2682

14600  0.818299 0.817388 0.000391 -0.5014 0.817798 0.000053 -0.2757

14650 0.822160 0.821656 0.000891 -0.2834 0.821656 0.000000 -0.2834

14700 0.826207 0.824787 0.000709 -0.8171 0.825364 0.000142 -0.4851

14750 0.830105 0.829263 0.000815 -0.4956 0.829427 0.000026 -0.3991

14800  0.833851 0.833428 0.000891 -0.2546 0.833510 0.000026 -0.2052

14850 0.837614 0.837448 0.000824 -0.1022 0.837614 0 0

14900  0.841310 0.840805 0.000786 -0.3182 0.841310 0.000107 0

14950 0.844856 0.844009 0.000506 -0.5459 0.844856 0.000215 0

15000 0.848500 0.848332 0.000610 -0.1109 0.848500 0.000027 0

15050  0.852076 0.851991 0.000722 -0.0575 0.852076 0 0

15100 0.855751 0.855582 0.000679 -0.1172 0.855751 0 0
Ho} & Afo] =] FAlo tisiM = 3] HA s "ol 7b Aok stell M= A A3 Aapt A A E ATelTe S ¢
T A0 AAHJT ofo] & AFM = A T Atol= F Utk CPLEX Y] ¢ Al Aol 27} ml-- 2 o A|62] -+
7} 7VE 2 A 49 A 2E T2 E AER O] A4 P ANE BEF HHAE AT T T 2 AT EU &
2 F4F F7H00A, 2007091 B9 BAC]E A5, 6 FEF TF2E e THAAE el d F$JROP-CCEY I
olgt FhE AU TE CPLEXE 283 H S T3l 9 A& A 7% A old THEEAE 1S B¢ 74F
A HEA S NP o2 F7IZ B A =F A AF S S83 A EAI2F ?—H o $lo] 7359 71 57kl
E=7h A3 vold @A Aol A] Kot AR Thed HIEAIF  wE W] FFE CPLEX Y] 3 %‘4%‘ o gHAI 7} ¢S |
£ 24747200, 14400 0. 2 H-E] AJA3te] 504 F7HAIZI10709F  oF. o] H gt A £ AFellA] AlRbe HEHR e ~Y daEE
1571 9] 7ol ek A2 S LA 5 A H 28} A2t -85 T U Bl
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