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Improved Bacterial Foraging Optimization Algorithm Based 6n Levy Flight

YAN Xiao-Fei, YE Dong-Yi

(College of Mathematics and Computer Science, Fuzhou University, Fuzhou 350108, China)

Abstract: The classical bacterial foraging optimization algorithm suffers from low solution accuracy and poor convergence

performance due to the fixed" Chemotaxis step-size. To handle these problems, an improved bacterial foraging optimization

algorithm based on Levy flight is put forward. The proposed algorithm uses Levy distribution based Chemotaxis step-size

for the improvement of both solution accuracy and convergence performance, and random walk strategy of Levy Flight for

the improvement of bacterial migration position. Experimental results on several benchmark test functions show that the

proposed algorithm achieves noticeable improvement in terms of solution quality and convergence performance in

comparison with existing bacterial foraging optimization algorithms.
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- T
Eggerate fo(O= X7 + x,” + 25(sin’x,+ sin’x,) [-6.28 ,6.28] f,(0)=10
1 ¥
w
R2 AMEERMCIRERER
Fn(Dim.) Max FEs Index BFO ABFO SA-BFO LBFO
Best 1.320E-001 2.260E-002 3.904E-002 1.867E-003
f(D = 20) 2x10° Mean  1.869E-001 2.374E-002 7.046E-002 4.050E-003
Std 1.382E-003 6.503E-007 2.082E-004 2.608E-006
Best  8.690E+001 3.056E+001 7.525E+001 3.033E-002
\
A \
f,(D = 20) 2x10° Mean  1.518E+002 3.370E+001 7.804E+001 6.350E-002
Std 6.588E+002 1.806E+000 1:598E+000 1.263E-003
Best  2.273E+000 1.644E+001 | LA467E+001 1.155E-006
f,(D = 10) 1x10° Mean 1.420E+001 1.761E+001 1.737E+001 1.373E-004
Std 1.904E+001 3.010E-001 9.511E-001 2.946E-008
Best ¢ 1.082E+001 3.100E+000 1.060E+001 1.094E+001
f,(D = 10) 1x10° Mean  1.398E+001 7.105E+000 1.985E+001 3.379E+001
¥ ' Std 4,553E+000 1.068E+001 2.954E+001 2.112E+002
Best 1.010E-003 1.940E-004 5.568E-004 3.671E-006
f(D = %) 5x10°* Mean  1.007E-001 6.735E-001 5.511E-001 2.373E-005
Std 3.328E-002 1.184E-001 1.858E-001 1.372E-010
Best 1.804E-001 4,545E-006 1.076E-001 2.909E-004
f,(D = 5) 5x10* Mean  8.170E-001 2.188E-001 3.474E-001 2.592E+000
Std 1.330E-001 1.905E-002 1.779E-002 4.093E+001
Best  4.606E-003 1.342E-006 2.094E-003 1.269E-010
f.(D =4 5x10°* Mean  5.149E-002 7.478E-002 1.560E-002 5.315E-008
Std 1.151E-003 1.344E-002 8.542E-005 2.469E-014
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Best 1.504E-007 2.792E-010 5.076E-008 3.034E-012

f(D = 2) 5x10* Mean 3.620E-006 7.180E-005 1.366E-006 5.606E-011
Std 5.521E-012 5.548E-008 1.716E-012 7.249E-022
Best 2.151E-002 3.127E-003 4.072E-006 2.853E-008

(D = 2) 5x10* Mean 1.275E-001 1.234E-001 1.350E-001 1.305E-003
Std 4.866E-003 1.020E-002 9.715E-003 8.902E-006
Best 7.633E-007 1.201E-010 1.384E-007 7.914E-012

fo(D = 2) 5x10* Mean 3.772E-005 8.492E-005 4.290E-006 6.019E-011
Std 1.742E-009 1.693E-008 1.218E-011

6.107E-022
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X3 RTE 2 HIEN t-test Fadi 45 A
Fn (Dim) Std.Err t 95% Confidence interval Two-tailed P
f,(D = 20) 0.001309 -47.555657 (-0.020531, -0.018854)  1.80857E-35<0.05
f,(D = 20) 0.975417 -109.045598 (-34.259970, -33.011105)  4.68059E-49<0.05
f,(D = 10) 3.165799 -14.187782 (-16.230231, -12.176934)  9.13960E-17<0.05
f,(D = 10) 10.806707 7.808957 (19.768055, 33.604306)  2.03395E-09<0.05
f(D =5 0.312689 -5.573035 (-0.751242,-0.350893)  2.11693E-02<0.05
f(D = 5) 4.642378 1.616325 (-0.599066, 5.344753) 0.114297 > 0.05
f.(D = 4) 0.006705 -7.356396 (-0.019890, -0.011305) 8.14397E-0%0.()5
fi(D = 2) 0.000001 -4.544490 (-0.000002, -0.000001) & 5.44689B-05<0.05
5
f(D = 2) 0.071539 -5.910173 (-0.179501,-0.087907)" 7.56077E-07<0.05
fo(D =2) 0.000003 -5.359083 1 (-0.000006, -0.000003)  4.30425E-06<0.05
x4 4 FEEDAAERAETT U T IS 25 IR R
Fn(Dim.) Max FEs Index BFO ABFO SA-BFO LBFO
. Best 1.228E+04 1.767E-01 2.231E-01 3.042E-02
"
f,(D = %0) 5210’ Mean 1.671E+04 2.087E-01 2.841E-01 4.739E-02
Std 4.722E+06 2.534E-04 6.302E-04 1.217E-04
Best 9.854E+02 3.603E+02 5.338E+02 8.493E-01
f,(D = 100) 2x10° Mean 1.364E+03 4.378E+02 6.235E+02 1.059E+00
Std 2.250E+04 1.562E+03 4.642E+03 9.138E-03
Best 1.374E+01 1.303E+01 1.297E+01 1.353E+01
f,(D = 150) 2x10° Mean 1.830E+01 1.779E+01 1.774E+01 1.898E+01
Std 3.618E+00 5.613E+00 4.187E+00 5.152‘E+O\0_
Best 8.477E+02 1.242E+03 1.186E+03 6,612E+02
f,(D = 200) 2x10° Mean 9.960E+02 1.496E+03 "1.5201:}03 7.899E+02
Std 6.998E+03 2.513E+04 - 2.405E+04 6.591E+03
Best 2.450E+02 3.934E+02 3.806E+02 3.652E+02
f(D = 250) 2x10° Mean 3.197E+02 4.886E+02 4.816E+02 4.386E+02
. Std 1.449E+03 4.072E+03 2.545E+03 1.707E+03
! x5 4 MBS RE LR
5
" Reproduction Count FEs Iteration
Fn (Dim) Epsilon
BFO  ABFO SA-BFO LBFO BFO ABFO  SA-BFO  LBFO
f(D = 20) 1102 64.0 64.0 64.0 57.1 160000 160000 160000 141449
f(D = 20 1x10" 64.0 64.0 64.0 39.2 160000 160000 160000 97136
5( )
f(D = 10 1x10" 64.0 64.0 64.0 32.2 160000 160000 160000 80458
5( )
f,(D = 10) 1x10' 64.0 27.0 58.5 64.0 160000 67482 146296 160000
f(D = 5) 1x10™" 62.8 61.0 64.0 8.5 156774 152223 160000 19897
f(D = 5) 110" 64.0 30.6 63.8 19.6 160000 75276 159391 47830
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f7(D = 4) 1x10™! 64.0 41.5 64.0 115 160000 102540 160000 27514
f(D = 2) 1x10° 73 8.6 3.8 11 16843 20041 8357 1728
fg(D = 2) 1x107! 30.3 50.0 38.1 1.0 74119 124314 94359 704
fm(D = 2) 1x107 40.3 19.4 10.4 3.0 99883 46816 25018 5912
@ I(O=20) 5 © I3(0=10)
o
= Y % 1
% % —e— S50
kel k! 8 2 | -8 s=10
\ —6— s=20
L ¥
f 4
4 2 5
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El
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