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Ant Colony Optimization Approach to the Utility Maintenance Model

for Connected-(r, 5)-out of-(m, 1) : F System
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Connected-(r, 5)-out of-(m, n) : F system is an important topic in redundancy design of the complex system

reliability and it’s maintenance policy. Previous studies applied Monte Carlo simulation and genetic,

simulated annealing algorithms to tackle the difficulty of maintenance policy problem. These algorithms

suggested most suitable maintenance cycle to optimize maintenance pattern of connected-(r, s)-out of-(,

n) . F system. However, genetic algorithm is required long execution time relatively and simulated

annealing has improved computational time but rather poor solutions. In this paper, we propose the ant

colony optimization approach for connected-(r, s)-out of-(m, n) : F system that determines maintenance

cycle and minimum unit cost. Computational results prove that ant colony optimization algorithm is

superior to genetic algorithm, simulated annealing and tabu search in both execution time and quality of

solution.
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Figure 1. Numerical solution search of ants
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Initialization
Set the initial values :
Stopping criterion : maximum iteration
The interval da vector is to be generated o
Generate 7 ants(random initial vector)
Determine X, ..,
Define the direction of movement
(+) sign, if C(X}*' =
(=) sign, otherwise
Solution Manipulation
For k=1 to maximum iteration
For all ants
Generate dx random vector within {—cr, o} range
Xt + dx
IF (X £ do) < GXY) then X' = X1 + da

Else X' = X"/

initial

e has { Xt de) < O(X))

Generate new solution of each ant by X, =

End
Update of pheromone
A=T =T X p
End

Figure 2. ACO pseudo code
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Figure 3. Experimental results for varying number of ants
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Figure 4. Experimental results for varying number of iterations
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Table 1. Computational results on GA/ SA/ TS vs. ACO algorithm

Experiment(100), Experiment(100), Experiment(100), Experiment(100),
Cost gene(50), population Initial Temp(100C), Tabu List(6), No. of. ants(10),
size(100) Loop Iteration(100) Iterations(3,000) Iterations(100)
GA™ SA™ TS ACO
G, ’ G Time Time Time Time
Tr c(Tr) Tr c(Tr) Tr c(Tr) Tr c(Tr)

(sec) (sec) (sec) (sec)
10 61.043 0.285 48.443 0.318 82.255 0.290 66.134 0.289
o1 50 36.524 0.300 32.568 0.336 44.814 0.297 55.537 0.309
. 100 33.921 0.308 26.709 0.379 35.967 0.301 48.022 0.318
1,000 29.486 0.321 23512 0.397 23.744 0.317 43.997 0.322
10 68.836 0.289 53.752 0.357 87.643 0.299 67.233 0.293
50 36.756 0.322 33.406 0.382 46.481 0.323 57.173 0.316

0.5 310 110 48 29

100 34.472 0.322 31.756 0.402 36.603 0.331 50.606 0.324
1,000 30.475 0.345 26.478 0.426 24.653 0.342 44.375 0.332
10 80.093 0.290 73.607 0.376 88.806 0.310 68.564 0.299
Lo 50 37.876 0.338 35.426 0.395 47.787 0.323 58.190 0.325
' 100 34.822 0.343 33.733 0.428 38.801 0.339 51.043 0.337
1,000 30.277 0.364 25.930 0.442 25.787 0.356 46.447 0.341

" . Fixed cost for preventive maintenance, ™. Yune al (2004), ™ Leeer al.(2008).
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Table 2. E xtended computational results(C, = 0.1, ¢, = 100)
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