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Improved bat algorithm using self-adaptive step
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Abstract: For the problems of low solution precision by the initial bat algorithm and falling into local optimum easily, an
improved self-adaptive bat algorithm(SABA) is proposed, which combines the mechanisms of step-control and variation.
Experiments are conducted on a set of 12 benchmark functions, and the results show that the proposed SABA has better

performance than the particle swarm optimization(PSO) algorithm and initial bat algorithm(BA) in terms of accuracy and

convergence speed.
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f2 mean —231.2178 —239.8685 —438.6763 —450.0000 f2 mean 1.7782e+03 1.4687e+03 —397.0546 —450.0000
std  77.8154  143.8618 12776  1.1977e-12 std  456.6334 3.6962¢+03  3.8163  1.8786e-05
time/s  0.2867 0.2803 45703 0.487 1 time/s  0.3818 0.4302 6.8583 0.9732
best 1.5216e+04 1.5355e-04 1.521 le+08 1.4855¢-18 best 9.4322e+09 00196 1.1612e+12 3.1736e-08
worst 1.2364e+07 1.9734e+07 1.9356e+09 3.0017e-15 worst 2407 Oe+11 7.2420e+10 7.813 6e+12 2.190 5¢-05
f3 mean 1.1063e+06 5.311 le+05 5.2110e+08 3.890 7e-16 f3 mean 6.984 8e+10 4.4117e+09 3.7267e+12 7.793 4e-07
std 1,953 7e+06 2.9316e+06 3.561 6e+08 8.313 le-16 std  5.2542e+10 1.5710e+10 1.4535e+12 3.0720e-06
time/s  0.1704 0.307 1 5.4265 0.5228 time/s  0.5332 0.4602 9.1995 0.8994
best  8.1212 0.3149 18.6480  1.2515e-05 best 327735 07717 2416746  0.0048
worst  20.8320  139.4613 1.3880e+10  0.1548 worst  60.9514 3632438 4.1213e+26  0.2658
f4 mean 144369 238369 3.2363e+08  0.0124 f4 mean 18.5847 442156 1.0023e+25  0.0799
std 3.2261 30.0846 1.9775e+09  0.0301 std 63786 574269 59337e+25  0.0644
time/s  0.1660 0.2055 5.8971 0.6206 time/s  0.6239 0.3101 8.0375 1.0579
best 3.1858e+03 1.8552e+04 —327.5236 —448.3683 best 3.8138e+04 2.8069e+05 6.1123e+03 —191.8983
worst 2.0824e+04 3.9324e+05 —182.1775 —344.2566 worst 3.4770e+05 2.3767e+06 1.173 Te+04 2.723 6e+03
f5 mean 9.6163e+03 1.5736e+05 —258.7509 —425.8122 f5 mean 1.2109e+05 7.9214e+05 8.5167e+03 882.4828
std  3.9838e+03 1.0620e+05 39.8021  20.4383 std  5.3424e+04 4.1716e+05 1359 1e+03 878.9749
time/s  0.7725 0.7323 3.8733 1.6960 time/s  2.2987 2.1736 7.3880 3.5648
best 1.4641e+05 540.8244 1.9016e+03  390.0000 best 7.8440e+06 2.596 5e+03 1.4274e+04 390.126 1
worst 3.0343e+06 1.9753e+05 1.1393e+04 541.1077 worst 4.568 2e+07 5.0424e+05 6.8948e+04 776.6743
f6 mean 7.3232e+05 3.2664e+04 4.0106e+03 431.3087 f6 mean 2.3511e+07 1.4010e+05 2.7093e+04 509.5479
std  5.7295e+05 4.4013e+04 2.4602e+03  29.0897 std  7.8855e+06 1.1956e+05 1.0311e+04 96.7224
time/s  0.1962 0.2297 3.246 1 0.6133 time/s  0.4186 0.3022 7.7322 13808
best 17895 0.8339 03005  9.3703e-14 best  13.5018 1.0972 0.7490  2.2315e-05
worst  3.8793 184119 0.5616 0.0344 worst  28.5460 3123097  0.9218 0.0492
f7 mean  2.6809 2.546 4 0.4079 0.0030 f7 mean 195044 277378 0.8520 0.0028
std 05279 2.8016 0.0472 0.007 1 std 32328 65.496 4 0.0394 0.0100
time/s  0.2807 0.3086 47997 0.7994 time/s  0.9807 0.5774 9.2402 22712
best 57843 0.026 1 19.9640  2.2819e-09 best 82493 0.0416 203639  4.3049e-04
worst  10.1210 5.4804 20.7016  1.894 6e-07 worst  12.0250 137236  20.8367 0.0101
fs mean  7.8249 1.846 1 203671  3.7770e-08 fs mean 10.0157 3.6303 20.6199 0.0029
std 0.8750 1.1842 0.1629  4.5564e-08 std  0.8362 3.0645 0.1202 0.0023
time/s  0.2729 0.664 3.4230 0.769 4 time/s  0.9838 0.6138 7.4159 1.6151
best  76.5287 1.0791  427.8272 2.0606e-13 best 302.8912  17.7471  1.040 1e+03 3.547 5¢-05
worst 1574059  272.8971  571.1409  2.0008 worst 5113035  483.4209 1.2747e+03  1.0660
fo mean 1138157 84.0942  504.5036  0.2420 fo mean 379.9995 1643096 1.1605¢+03  0.1547
std 221882 592076  34.5514 0.6215 std 445123 985110 523328 03519
time/s  0.2017 0.3762 3.3842 0.8133 time/s  0.8115 03143 6.2156 1.6387
best —248.9985 —329.3870 982177 —330.0000 best 82018  —329.7041 7027452 —329.9999
worst —135.6870 —81.4734 291.2814 —328.0098 worst  291.9360  52.0990 1.047 1e+03 —327.9850
f10 mean —190.4242 —263.5986 192.4953 —329.8386 f10 mean 1297677 —1943623 882.2095 —329.8393
std 253247  56.8998  47.8559 0.4647 std 509934 902385  70.0519 03965
time/s  0.2023 0.4428 3.2663 0.6112 time/s  0.3848 0.3751 9.0730 1.2105
best 44971  6.7142e-04 14.0922 8.7658e-16 best  11.6257 0.0120 205211  2.199 1e-08
worst  30.036 4 7.0728 385953  5.9403e-12 worst  847.5212  3.8571 41.1566  1.4762¢-06
fi1 mean  10.6270 0.464 6 226621 4.046 le-13 fi1 mean 404301 0.846 0 297352 1.9755e-07
std 5.0088 1.0408 50932 1.0620e-12 std 1169784  0.9050 48960  2.5484e-07
time/s  1.0827 1.8331 79714 49868 time/s  4.2408 2.0886 13.4659 8.6230
best  49.1995 0.0120 12463  1.639 le-14 best 670.9369  0.3399 87648  2.9444e-07
worst  751.5965  18.6788 24852 2796 le-11 worst 9.1059+04 365946  160.7785  0.0110
fiz mean 1375737 28027 1.8557  2.6886e-12 fi2 mean 2.0979e+04  9.7654 17.8927  2.2398e-04
std 1144992  3.5700 02363  5.0626¢-12 std  2.1289e+04  8.0222 224376 0.0016
time/s  0.7908 2.0526 5.8297 24647 time/s  3.0221 2.0110 9.8287 8.6618
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