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Improved real-coded genetic algorithm based on jumping gene operator

SONG Ying-ying, WANG Fu-lin, LAN Jia-wei
(School of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract: In order to avoid the disadvantages of genetic algorithms in solving numerical optimization problems, such as
poor search ability and lack of diversity, an improved real-coded genetic algorithm (IRCGA) is proposed. The algorithm
integrates two specially designed operators: the simulated binary jumping gene (SBJG) operator and the multi-directional
crossover (MX) operator. The SBJG operates on chromosomes. It essentially simulates the insertion motion in binary
jumping gene operation, that is, inserts the selected chromosomal block into the chromosomal locus in a random way, and
realizes the translocation between the chromosomes within the population, which provids additional genetic diversity for
the population. The MX operator expands the search area of the operator by increasing the crossover direction to improve
the quality of the offspring and the search ability of the algorithm. The comparative experiment is carried out on the basis
11 examples. The results show that the improved operator can significantly improve the performance of the algorithm
in solving numerical optimization problems. At the same time, compared with other advanced and effective algorithms,
the IRCGA has strong search ability and can maintain a certain population diversity, thus verifying the effectiveness and
feasibility of the improved algorithm.

Keywords: real-coded genetic algorithm; numerical optimization; simulated binary jumping gene operator; population
diversity; multi-directional crossover; search ability
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h rers 0000 Loesy  Sdesl AE &R e 0 @ TH & SR AE K R b ) B A
fs 30e+4  00e+0  1.5e+3  ldesd SRR 2 FEPENST AT LU 1, IRCGA P 5P B 22 4
fo 33012 000  36esl 3304l £ T RCGA-S-2. IRCGA-S-3.RCGA-3.RCGA-4, %
fs 266t 00e40 206+l  Leetl A IRCGA R4 T 22 1 11 2 45 76 — AN AR X L 11
fo 32041 166-6  69e40 4600 IR RV BE, TH L SR R B AR P 353 4T I R AT, B
fr 57e43  S5de3 70+l dde+l RCGA-3 #h, IRCGA (1)1 25112 17 I} 8] B¢ K, 11 RCGA-3
fs 2342 23e-1 3.9¢+1 9.6¢+1 HI4% 2 B8 12, IR LA 3 T 5 LE 5%, IRCGA BEf%
fo 48e+1  23e-l 17e+1  1.Se+l TEAH R B AR B N DL R AT ) TR 2% 21 e L e, B
fio 10e+s  2.6e+l Ldetd  2les2 BREAIWCSCE FE. 25 b, SEi kA iR W] T ook
fi1 3.9e+2 3.7e-2 4.1e+1 2.3e+1 B RO
F4 TEEEERATMRNEE f1. fo. fs WLWEER
fi P fa
Algorithm
min  mean  div  time min mean  div  tme  min  mean  div  time
RCGAS-1 138 143  13e+d 544 217 238 80e+2 869 135942 158035 13e+d 544
RCGA-S2 074 087 67e14 2663 237 238 50e-15 3032 29100 75056 59e-14 2823
RCGA-S-3 104 105 22e+4 492 273 290 lde+3 741 325950 446708 26e+4 506
IRCGA-S-1 86e3 006 19e+2 551 000 000 88e+0 1198  0.00 000  16e+2 5.5
IRCGA-S2 99e3 015 85e+3 1968 000 003 45e+2 2209 001 135 84e+3  17.22
IRCGA-S-3  55¢3 005 20e12 1170 000 000 37e-12 1955  0.00 000  0.0e+0 12.05
RCGA-1 003 003 89e+d 522 001 002 1243 822  0.17 0390  23e+d 509
RCGA-2 L1l 130  46e+4 503 203 240 24e+3 758 001  387.00 4dde+d 483
RCGA-3 001 004 23e7 306 000 000 198 416  0.00 000  7.0e12 242
RCGA-4 002 004 27¢8 758 000 000 389 1349  0.00 000  3le13 7.3
RCGA-S 014 112 59e+4 466 151 226 3.6e43 857 1016 179908 29e+d 473
IRCGA 25¢3 001 12e43 360 000 000 Sdet] 985  0.00 000  1de+3 314
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RS TRFEEMBTUXERE f1. f5. fo BIKIEER
fa fs fe
Algorithm
min mean div time min  mean div time min mean div time
RCGA-S-1 0.00 1.9e-3  3.le+2 5.30 0.17  0.21 1.6e+2 8.75 321292 339433  9.de+l 13.21
RCGA-S-2 0.17 0.26 1.3e-15 28.79 0.01 0.04  3.9e-16 30.12 3009.80 3014.67 4.4e-14 28.01
RCGA-S-3 0.00 2.5e-3  3.6e+2 5.62 046  0.59 2.3e+2 7.56 3014.11 3017.43  3.9e+0  10.56
IRCGA-S-1  0.00 3.0e-4  7.0e+0 5.41 0.00  0.00 2.8e+0  12.67 299453 2996.84  4.0e-1 20.84
IRCGA-S-2  0.00  6.0e-4 1.1e+2 16.85 0.00  0.00 1.0e+2  21.33 299452 299472  l.de+l 27.98
IRCGA-S-3  0.00 1.0e-4  0.0e+0 12.74 0.00  0.00 0.0e+0  19.51  3047.66 1.9e+6 1.7e-13 2525
RCGA-1 0.00 7.0e-4  3.7e+2 5.29 0.01 0.03 3.7e+2 8.74 2995.16 299549  3.9e+1 12.97
RCGA-2 0.00 1.7e-:3  6.5e+2 532 0.63 0.86 3.9e+2 7.63 3033.06 304598  3.6e+1 11.29
RCGA-3 0.00 2.8e-3  0.0e+0 2.46 026 040  5.5e-18 3.73 3433.71 3.4e+5 3.5e-16 0.42
RCGA-4 0.00  7.0e-4  0.0e+0 8.02 0.00  0.01 8.9e-6 13.66 299448 299466 9.9e-15 21.36
RCGA-5 0.00 2.3e-3  8.0e+2 4.69 0.10 0.26 6.3e+2 8.79 2994.55  2994.85 5.3e-7 13.54
IRCGA 0.00 0.00 3.3e+1 3.61 0.00  0.00 1.6e+1 9.76 2994.47 299459  4.6e+0  17.92
R6 TRIBZEMEATUREE f7. fss fo IKILER
fs fr fo
Algorithm
min mean div time min mean div time min mean div time
RCGA-S-1  39.36 4222 29e+2 549 —30644.68 —30630.73 2.0e+2 497 —14.83 —14.06 3.4e+l 4.85
RCGA-S-2  28.84 32.09 4.7e-14 26.15 —3063546 —30634.69 2.6e-13 2198 —698 —6.97 3.8e-15 21.72
RCGA-S-3  33.24 3993 59e+1 590 —30638.39 —3062835 3.2e+l 520 —11.88 —10.77 9.1e+0 2.05
IRCGA-S-1  24.89 30.00 43e+0 643 —306064.16 —30617.25 4.4e+0 549 —16.70 —13.95 39e+0 5.06
IRCGA-S-2  25.11 28.86 2.2e+2 18.83 —30662.89 —30631.70 3.8e+l 16.69 —16.74 —14.62 43e+l 16.72
IRCGA-S-3  30.16  6.5e+8 1.9e-2 10.81 —30588.92 —30165.69 2.0e+0 9.69 —1523 —7.08 1.7e-1 9.57
RCGA-1 25.79 3244  6.5e+2 552 —30639.81 —30612.64 39e+2 5.07 —13.64 —13.48 92e+l 5.13
RCGA-2 33.27 3474  49e+2 5.69 —30636.75 —30624.16 1.0e+3 493 —12.65 —10.40 23e+2 4.85
RCGA-3 1.3e+11 1.6e+12 0.0e+0 0.02 —30160.59 —30057.20 7.le-16 0.50  2.65 9.53  7.5e-17 0.07
RCGA-4 25.12 32.08 3.8e-9 7.74 —30555.64 —30414.16 13e+0 7.24 —1499 —1338 89e-4 7.28
RCGA-5 39.10 62.00 1.le+3 4.61 —-3061455 —3051.64 5.0e+2 4.01 —1356 —8.74 88e+l 4.17
IRCGA 24.80 28.83  44de+l 372 —30664.72 —30650.11 9.6e+1 2.83 —16.88 —14.63 1.5e+1 2.65
#=7 ARIEZEERATMRERE fio. f11 LR
fio f11
Algorithm
min mean div time min mean div time
RCGA-S-1 8034.98 8515.80 5.5e+4 5.07 683.30 685.18 2.1e+2 5.41
RCGA-S-2 8354.66 8429.59 3.9e-12 22.90 684.55 686.67 1.2e-14 21.60
RCGA-S-3 8007.91 8219.06 1.1e+4 4.99 682.90 686.54 4.8e+1 4.88
IRCGA-S-1 7283.82 8358.29 3.3e+3 5.49 680.71 682.93 5.5e+0 6.47
IRCGA-S-2 7171.80 8005.15 7.0e+4 16.43 680.69 681.64 1.3e+2 17.82
IRCGA-S-3 7764.41 3.3e+8 1.5e+2 10.64 682.87 697.09 6.1e-3 13.27
RCGA-1 7300.66 8435.39 1.2e+5 523 682.58 686.52 4.7e+2 5.30
RCGA-2 8223.49 8674.09 1.1e+6 5.07 681.93 682.46 3.1e+2 5.42
RCGA-3 2.8e+6 1.2e+9 1.1e-14 2.57 750.61 853.01 0.0e+0 2.45
RCGA-4 7238.57 8030.54 1.8e+2 7.28 681.26 692.22 8.8e-17 7.87
RCGA-5 8478.76 12353.42 1.4e+5 4.42 682.68 689.97 8.1e+2 4.94
IRCGA 7160.89 8003.53 2.1e+2 3.01 680.68 681.54 2.3e+1 3.65
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