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Natural selection firefly optimization algorithm with oscillation and
constraint
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Kaifeng 475004, China)

Abstract: Aiming at the shortcomings of low precision in high dimension, slow convergence speed and precocity in
the basic firefly algorithm, the firefly algorithm with oscillation, constraint and natural selection mechanism is proposed.
Firstly, the second-order oscillation factor is introduced to balance the influence of the previous generation of individuals
on the current generation of individuals, so as to prevent the individuals of fireflies from falling into local extremum.
Then, the constraint factor based on sigmoid function is added to dynamically adjust the moving distance of individual,
so as to avoid the situation that the individual of firefly caused by excessive disturbance near the theoretical optimal value
leads to the reduction of precision in the later stage of the algorithm. Finally, natural selection based on the decreasing
trend of reciprocal Gaussian integral is used to keep individual diversity and accelerate the convergence speed of the
algorithm. The convergence and time complexity of the improved algorithm are proved by theoretical analysis. Through
the simulation of 10 standard functions with multiple dimensions and different characteristics, the test results show that
the optimization accuracy and convergence speed of the OCSFA(natural selection firefly optimization algorithm with
oscillation and constraint) are obviously improved. Especially in the case of high dimension, the theoretical optimum can
still be found for almost all functions, which better solves the problem of the unsuitability of the firefly algorithm for high
dimension solution.

Keywords: firefly algorithm; second-order oscillation; sigmoid function; natural selection; optimization accuracy;
convergence
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= d i
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d d
fe(x) = —20 X exp ( —0.2 % Z xf) — exp (é Z cos(QT[xi)) + 20 + exp(1) 0
i=1 i=1

Fola) = — Z (exp ( _ x? + I?+1 + 0.5x¢m¢+1) y cos(4\/a:f PP 0.596#”1))

Inverted cosine wave —d+1
i=1 8
d
Sum squares fs(x) = Z wc? 0
i=1
d d
Schwefel’s problem 2.22 fo(z) = Z |zi| + H |z 0
i=1 i=1
d
Alpine fio(z) = Z |z, sin(z; + 0.1z;)] 0
i=1
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VAR = 4R TR
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*2 OMEZRAERERRYE THIMLIERELLEE

d=10 d =50 = 100
A A7
LA 2R IME AL RIERE Rl LR 2R Rl
FA 0 0 0 33.081 39.738 36.2361 76.68 98.095 84.27196
BA 2.70e-07 1.05e-06 6.37e-07 3.15e-05 4.68e-05 3.90e-05 1.44e-04 2.00e-04 1.79e-04
CLFA 0 0 0 0.73449 1.5888 1.054 812 5.1648 10.007 7.502122
f1(z) VSSFA 0 0 0 27.697 34.306 31.71738 78.682 90.45 84.84328
IWFA 8.01e-03 0.14647 6.79¢-02 0.27302 0.738 16 0.482 245 0.696 03 1.3239 1.002 806
OCSFA 0 0 0 0 0 0 0 0 0
FA 0 0 0 582.58 748.8 688.051 3310.2 4060.6 3796.58
BA 1.11e-06 4.30e-06 2.41e-06 7.17e-04 1.81e-03 1.20e-03 1.04e-02 3.28e-02 2.05e-02
CLFA 0 0 0 15.869 40.446 27.63102 260.75 484.52 356.203 6
fa(z) VSSFA 0 0 0 599.01 752.98 700.763 3520.6 4098.3 3856.014
IWFA 3.13e-03 0.23765 8.51e-02 2.706 8 12.608 7.879 088 31.353 62.111 47.41098
OCSFA 0 0 0 0 0 0 0 0 0
FA 0 0 0 0.51383 0.61247 0.576 207 0.71346 0.774 24 0.750914
BA 3.15e-08 1.09e-07 7.12e-08 1.16e-06 1.82e-06 1.45e-06 3.20e-06 5.27e-06 4.32e-06
CLFA 0 0 0 0.021514 0.061 766 0.039 362 0.11993 0.22095 0.168 991
f3(x) VSSFA 0 0 0 0.5006 0.698 25 0.602419 0.7055 0.828 58 0.745 067
IWFA 7.67e-05 0.026 493 0.007 997 0.0076161  0.029248 0.017279 0.011712  0.030211 0.020787
OCSFA 0 0 0 0 0 0 0 0 0
FA 1.7912 19.474 13.44892 224.23 272.29 253.669 4 550.31 641.52 606.262 6
BA 1.99 22.9 8.70 21.9 74.6 46.2 37.8 157 87.4
CLFA 0 20.753 10.64492 177.93 243.44 210.8196 499.71 677.12 561.6754
fa(z) VSSFA 0 8.9953 4.152725 154.78 202.57 185.4896 414.14 591.21 470.286 2
IWFA 23178 25.184 11.099 06 46.977 98.971 77.6616 112.5 215.04 177.3242
OCSFA 0 0 0 0 0 0 0 0 0
FA 0 0 0 707.65 898.44 812.8142 3015 4479.2 3523.858
BA 1.08e-06 4.97e-06 2.98e-06 9.33e-04 3.23e-03 1.94e-03 1.19e-02 7.39¢-02 3.43e-02
CLFA 0 0 0 19.605 43.962 29.11026 249.91 511.59 374.3598
fs(x) VSSFA 0 0 0 614.6 788.6 701.9468 3582.8 41279 3828.882
IWFA 0.011542 1.1744 0.30848 6.4243 17.719 11.568 87 30.682 69.406 50.25298
OCSFA 0 0 0 0 0 0 0 0 0
FA 8.88e-16 8.88e-16 8.88e-16 43685 47558 4.589878 47684 5.0765 4.984 802
BA 7.56e-04 2.01 5.66e-01 3.21e-03 1.56 5.48e-01 5.00e-03 1.60 6.14e-01
CLFA 8.88e-16 8.88e-16 8.88e-16 1.406 8 42811 2.332568 2.9916 43128 3.600378
fe () VSSFA 8.88e-16 8.88e-16 8.88e-16 4.1753 44782 4368318 47476 49251 4.843126
IWFA 0.049 817 1.0976 0.556 381 0.53304 0.97588 0.804438 0.6256 1.024 0.843943
OCSFA  8.88e-16 8.88e-16 8.88e-16 8.88e-16 8.88e-16 8.88e-16 8.88e-16 8.88e-16 8.88e-16
FA —8.2664  —6.4028 —7.25681 —17.783 —14.075 —15.65226 —250918 —19.974  —21.90568
BA —8.21 —4.20 —6.67 —39.8 —23.0 —35.9 —76.8 —22.4 —64.6
CLFA —8.454 —4.8384 —6.69556 —27.692 —19.673 —23.6324 —41.866 —30.983 —36.5405
fr(x) VSSFA -9 —7.6674  —6.680473 —21.343 —16.913 —18.44162 —33.089 —24.485 —26.92536
IWFA -9 —6.6166 —8.0211 —46.044 —38.43 —42.1093 —89.013 —78.01 —82.6711
OCSFA -9 -9 -9 —49 —49 —49 —-99 —-99 —-99
FA 0 0 0 588.68 800.1 731.0126 3486.8 4267.4 3995.388
BA 1.96e-06 4.66e-06 3.06e-06 1.06e-03 3.44e-03 1.96e-03 1.34e-02 7.15e-02 3.04e-02
CLFA 0 0 0 16.984 44.01 27.801 16 241.27 519.61 364.3804
fs(x) VSSFA 0 0 0 607.01 783.26 706.829 6 3518.8 4066.7 3853.702
IWFA 0.016 862 1.2569 0.369438 4.3208 18.092 11.5069 36.905 72.045 51.5131
OCSFA 0 0 0 0 0 0 0 0 0
FA 0 0 0 28.265 31.859 30.5784 62.067 68.122 65.71044
BA 1.43e-03 2.51e-03 1.97e-03 6.40e-02 8.32e-01 3.51e-01 3.64e-01 2.56 1.19
CLFA 0 0 0 37111 7.4182 5.467 138 18.305 31.683 24.13278
fo(x) VSSFA 0 0 0 27.641 31.299 30.18492 68.52 73.942 71.61854
TWFA 0.060261 0.799 56 0.406 754 1.6383 3.7013 2.797942 4.6124 7.6739 6.013 206
OCSFA 0 0 0 0 0 0 0 0 0
FA 0 0 0 24.818 28.87 26.528 74 61.79 68.314 65.790 44
BA 1.36e-04 2.67e-03 3.08e-04 3.46e-03 9.00e-03 5.61e-03 1.27e-02 2.74e-02 1.72e-02
CLFA 0 0 0 0.907 68 1.9612 1.416486 6.5109 11.57 9.061412
f1o(z) VSSFA 0 0 0 23.856 28.038 26.2379 61.428 66.681 64.584 36

IWFA 0.002 948 0.23554 0.103 042 0.39592 1.0014 0.722 389 1.1922 22723 1.642398
OCSFA 0 0 0 0 0 0 0 0 0
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