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Biogeography-based optimization algorithms based on improved migration rate models

WANG Yaping, ZHANG Zhengjun~, YAN Zihan, JIN Yazhou
(School of Science, Nanjing University of Science and Technology, Nanjing Jiangsu 210094, China)

Abstract: Biogeography-Based Optimization ( BBO) algorithm update§\habitats through migration and mutation
continuously to find the optimal solution, and the migration model affects the)performance of the algorithm significantly. In
view of the problem of insufficient adaptability of the linear migratiod thodel used in the original BBO algorithm, three
nonlinear migration models were proposed. These models are hased on Logistic function, cubic polynomial function and
hyperbolic tangent function respectively. Optimization experiments were carried out on 17 typical benchmark functions, and
results show that the migration model based on hyperhglic tangent function performs better than the linear migration model of
original BBO algorithm and cosine migration moflel with good performance of improved algorithm. Stability test shows that the
migration model based on hyperbolic tangent function performs better than the original linear migration model with different

mutation rates on most test functions. The model satisfies the diversity of the solutions, and better adapts to the nonlinear

migration problem with improved search ability.
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Tab. 1 Average minimums of functions with different migration models

RE R HRY 2 iRy 3 Hiny 4 b ki I
f 20.473  19.694  18.878  28.156  19.976
£ 4.896 4.456 4.904 4.879 4.813
fs 18. 351 17.512 18.221 24.626 18.240
fi 53.173  50.568  49.878  66.559  47.665
fs 4.429 4.541 4.819 5.883 3.898
fo -0.906 -0.910 -0.898 -0.867 -0.917
5 -0.952 -0.882 -0.932 -0.713 -0.978
fs 182.177 179.988  216.933 173.078  171.925
fo 76.410 51.577 74.467 130.909 71.927
fio -7.715 -7.826 -7.607 -7.698 -7.840
fu -0.016 -0.014 -0.037 -0.040 -0.055
S 10.851  10.279  10.998  11.650  10.319
fis 11.555  10.366  11.105 12,501  10.866
fiu  1961.867 1866.567 1998.800 2896.733 1899.267
fis  1608.702 1509.119 1629.515 1750.369 1583.262
fis 53.960  55.048  57.172  65.974  51.125
fir 5.957 6.341 7.031 6.455 6.116
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Fig. 2 Trend of average minimum error percentage
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Tab. 2 Best minimums of functions with different migration models Bt -*’"Eﬂ 1

oK —o— {5 R 2
- ) ) :

MR Bm fm2 HIEI3 R4 BARS & 65 o LA 3

fi 9.365 7.613 9.741 8.779 8.424 < e AT 4
Dﬂﬂ' _......ﬁ)j! 5

5 2.699 3.138 3.651 3.262 3.940 |

2 11.106 8.116 9.381 9.639 9.592 B o5

fi 19.162  26.203  20.456  27.611  18.045

fs 2.486 1.697 2,717 3.438 1.615 K3 EERUMERZE B A A S

Js -0.951  -0.965  -0.946 -0.929  -0.957 Fig. 3 Trend of the best minimum error percentage

£ -1.333 —1.414 -1.421 -1.470 -1.467

fi  95.887 111.331 113.476  80.956  88.684 3.2 WEMSN

fi 19.933 5.302 17.627  19.084  12.643 WA TR AR R AN SN, I THES

fio  -8.756 -8.694 —-8.638 -8.359 -8.950 R ZRERI R E VM, ST AT R AR R AR B (A 1) A

fuo -0.495 0351 20.62 -0.77 - 0.8 AR R (B 5) EAREBE FHRA, %3
fra 8.544  7.865  8.163  g.880  7.034

S 7.102 7.205 7.211 8.558 5.937 P

13 . . * ‘ - 5] AR % 4 A 1N
fu  7371.0 505.000 898.000 1153.000  608.000 HESE m’ﬁ]’KMEEK?%‘%S‘Z%@*‘]%/J‘{EIQK
fis 1200.676 872.843 983.780  992.456  855.026 —, s fas fo ZERRNFMER, ERREZEME /DN B
fie  38.188  33.104  40.813  46.102  34.003 R AR R 0. 01 BPREU M BEfR A, I BLAE 2 5 sR 5 b
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Tab. 3  Optimization performances of model 1 and model 5 at different mutation rates

EH AR L B3 EH AR L Bs
Vil mEE Vil mEEE SREME FAEME FIE T
0.001  50.535  28.615 47.307  23.194 0.001 =6. 824 -7.990 -6.766 -8.849
f 0.01 20.473 9.365 19.976 8.424 fio 001 -7.715 —-8.756 -7.840 -8.950
0.1 67.711  35.950 65.812  29.888 [ -8.547 -9.084 -8.645 -9.151
0.001 5.856 4.561 5.836 4.113 0.001 -3.314E-9 -9.942E-10 -2.296E -9 -6.759E -8
b 0.01 4.896 2.699 4.813 3.940 i1 0.01 -0.016 -0.495 -0.055 -0.821
0.1 5.166 3.599 4.975 32897 0.1 -0.122 —-0.645 -0.195 -0.942
0.001 47.152 22.709 48.100 M.611 0.001 13.814 11.429 14.074 11. 069
5 0.01 18.351  11.106 18.240 9.592 || /i 0.01 10. 851 8.544 10.319 7.034
0.1 63.658 37.912 55.703 26.207 0.1 14.701 12.155 14.393 11.631
0.001 140.961 78.353 137.059  164.720 0.001 19. 699 13.062 19.489 13.490
s 0.01 53.173 19.162 47.665 18.045 fis 0.01 11.555 7.102 10. 866 5.937
0.1 141.246 71.809 141.902 63.452 0.1 19.986 12.374 18.975 9.397
0.001 8.713 4.226 8.608 4.999 0.001 4.840.267 2783.0 4810.7 1496.0
5 0.01 4.429 2.486 3.898 1.615 S 0.01 1961. 867 737.0 1899.267 608.0
0.1 9.992 6.281 9.746 6.258 0.1 6175.733 3123 5658.9 2498.0
0.001 -0.779 -0.878 -0.764 -0.875 0.001 2456. 609 1446.944 2392.907 1471. 468
Is 0.01 -0.906 -0.951 -0.917 -0.957 fis 0.01 1680.702 1200. 676 1583.262 855.026
0.1 -0.718 -0.835 -0.735 -0.822 0.1 2268.616 1773.359 2215.308 1676.772
0.001 -0.106 -0.642 -0.217 -0.987 0.001 86.219 58.384 88.471 60.498
fa 0.01 -0.952 -1.333 -0.978 -1.467 fis 0.01 53.960 38.188 51.1253 4.003
0.1 -0.182 -0.782 -0.240 -0.927 0.1 91.524 69.123 88.241 65.061
0.001 214.637 104.815 190.295 88.797 0.001 7.841 4.940 7.583 5.207
fz 0.01 182.177 95. 887 171.925 88.684 fir 0.01 5.957 4.100 6.116 4.207
0.1 2024.220 129.946 1394.797 118.119 0.1 9.642 7.705 9.352 7.309
0.001 485.174  148.920 451.305  162.294
fo 0.01 76.410 19.933 71.927 12.643
0.1 733.518  196.578 544.743  151.556
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