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Improved firefly algorithm and its convergence analysis
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Abstract: The firefly algorithm has been widely concerned and applied because of its characteristics of
simple structure, few control parameters and easy implementation, but it is easy to fall into local optimum,
which leads to premature convergence and affects the optimization accuracy. To solve this problem, this paper
adds a random factor into the individual location update rule to improve search capabilities, and the redundant
random items are eliminated. To maintain the diversity of the population and enhance the capabilities of the
algorithm to jump out of the local optimum, a position substitution mutation strategy and an optimal mutation
strategy which come from the differential evolution algorithm are introduced. The Markov process is used to
theoretically analyze the improved algorithm, and it is proved that the algorithm converges to the global
optimum with probability of 1. The improved algorithm is simulated and tested using classic benchmark
functions and the bin packing problem. Simulation results show that the improved algorithm can effectively
jump out of the local optimum and find the theoretical optimal solution for all the given problems with better
optimization accuracy and success rate.
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Fig. 1 Motion characteristic of attraction term
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Fig. 2 Population movement trend and individual distribution
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Fig. 3 Four different probability distributions of 100 000
random samples
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renewal process
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Table 2 Four random disturbance factors simulation results
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Table 3 Simulation results of fixed iterations

N fi f2 B fi
ik el i /s SR/ % 527N mfEl /s SR/% ifE BE/s SR/% EAME mfiE /s SR/ %
PSO 1. 455 7e-57 2.909 6 100 19. 565 6 2.373 9 0 26.863 9 2.149 3 0 3.330 7e-16 2.647 6 23.3
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Performance comparison of different algorithms
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Table 4 Optimization results of bin packing problem
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