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A Study on the GA-SA Hybrid Program for the
Optimal Fuel Loading-Pattern Search

Hyu-Chan Kim* and Kyung-Ho Cho**

ABSTRACT

In this study. several searching algorithms such as the SA(simulated annealing). GA(genetic algorithm) and

their variance have been reviewed and implemented in C programming language for the searching modules for

the optimal fuel loading pattern. These modules have been

interfaced with three simple core calculation codes

written in Fortran programming language and tested for their performance. As a result, a hybrid searching
algorithm based upon the GA and SA has been developed to supplement each algorithm's drawbacks. This
hybrid one has shown the best performance among the tested ones. In this hybrid search engine, a new cooling

schedule, i.e. "the cooling schedule with reheating stages’ has been also devised to improve the usual ‘simple

banner cooling schedule’ of the SA.

Key words : Optimal loading pattern, Simulated annealing, Genetic algorithm, Hybrid

algorithm, Cooling schedule
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2.1. Modified Genetic Algorithm(MGA)
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2.2. Simulated Annealing(SA)
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2.3. Hybrid Searching Algorithm
(Modified GA + SA)
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Table 1 Summary of simulated annealing

run
&' |imprl|impr2 ave time | Temp.|  remarks
No PP (sec)
1 108509720904 ]0955 [ 105 | 0.456 simple banner
2 1090 0.986]0.747 | 0926 | 77 | 1.351 cooling

3|09 0900|1179 0970 | 74 | 3774 | Schedule

2 reheating
stages

4 [085]1.032 | 1138 | 1.059 | 513 | L0e-5

1. cooling coefficient in SA
2. Freezing temperature at which no better solution is
found
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Table 2 Results of various searching algorithms
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search \ . . avg run time .
No. algorithm a imprl impr? impr (sec) T remarks
1 0.85 0.972 0.904 0.955 105 0.456
2 080 | 098 | 0747 | 0926 77 1351 | Simele banner cooling
SA schedule
3 0.95 0.900 1.179 0.971 74 3774
4 0.85 1.032 1.138 1.059 513 1.0e-5 2 reheating stages
5 SGA - 0.824 1.196 0917 257 - Simple GA
initial global search by
) MGA+SA 0.85 1.039 1.154 1.068 262 1.0e-6 MGA, final search by
SA with 2 reheatings

1. cooling coefficient in SA

2. Freezing temperature at which no better solution is found

Table 3 Comparison with reference loading pattern

Core Average Burnup Standard Deviation of BOC Power Peak
(MWD/MT) BOC Relative Power
Reference Loading Pattern 10639 0.57615 1.3950
GA Loading Pattern 12084 (.56844 1.3987
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