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Emotional bacterial foraging algorithm based on
non-uniform elimination-diffusion probability distribution

DONG Hai', QI Xinna™
(1. College of Applied Technology, Shenyang University, Shenyang Liaoning 110044 China;
2. College of Mechanical Engineering, Shenyang University, Shenyang Liaoning 110044 China)

Abstract: In view of the uncertainty of chemotaxis step length and the lack of constancy of elimination diffusion
probability in the optimization process of traditional bacterial foraging algorithm, in order to solve the problem of high-
dimensional engineering optimization, an emotional bacteria foraging algorithm based on non-uniform elimination-diffusion
probability was proposed. Firstly, in the chemotaxis step, the Gus distribution search mechanism was used to update the
bacteria individual positions, so as to solve the problem of poor search ability and easy to fall into local optimum caused by
bacteria swimming or flipping on each dimension in a random way. The emotion perception factor was introduced, and the
sudden change of emotional intelligence was used to realize the adaptive chemotaxis step size, so as to avoid premature
convergence of the algorithm. Secondly, in view of the probability constancy of bacterial individuals in the process of
elimination-diffusion, the idea of using linear and non-linear probability distributions to replace the traditional constant
distribution to realize non-uniform distribution was proposed. By introducing the random value of dynamic factor, the
bacterial individuals in the undefined search space were limited, so as to save the calculation cost of the algorithm. Six
benchmark functions were used in the test, and the test results show that: in the case of low calculation cost, except on
Rosenbrock function, the proposed algorithm has low iteration times and good optimization quality on all functions, and the
algorithm convergence comparison results show that the proposed algorithm has good convergence.
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Fig. 1 Flowchart of proposed algorithm
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TR ST BR - BOBE R 50 A0 A9 1% 25 Fb 4 T DR 4301, OF IRiE
Bk rERE . Horb £ (o) 5 £ (o) S B0 R B, £ 1Y 23 (R A R
W2 PAE W SR NEE 5 £ (o) L f(0) | () T (o) 2
PRI, BBLRAR S ) B 38 1) 4 SRy e (e s i Ry e pE o R 2
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Tab. 1 Simulated benchmark functions

FEUERR R4 B Hrop ik PR
2

Rosenbrock — f)(x) = z (100 (XH 1= xtz) ) Pl
=1
d

Sphere fr(x) = thz PG
=

) 1 &, £ i
Griewank fi(x) = m’; x; ! lu)sfi +1 EA3

Schaffer’s fi(x) =05+ 5 EAS
(1.0 +0.001(x* +?)
-1
Shekel’ 25
exel s fs(x) — L_,. % gﬂ}%
Foxholes 500 =08 6
Jt ;(xz - aij)
d
Rastrigin Jo(x) = 2 (x,z = 10cos 2mx; + 10) EALS
i=1
*2 HEEBERMBLEE
Tab. 2 Search range and initialization range
PREL ARl ZE WA ILIE
/i(x)  0.000 [-100]~[ 100 ¢ [16]/~[32]7
£(x) 0.000 [-100]~[ 100 [50]~[100]?
£i(x) 0.000 [-500]4~[500]¢ [250]~[500]¢
£i(x)  0.000 [-100]*~[ 100 [16]"~[32]
fix)  0.996 [-65. 536 12~[65. 536 2 [0]2~[65. 536
fi(x) 0.000 [-10]~[10]" [2.56]~[5.12]*
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SR A A PERE A SO B = TAT A AN TR
B 7% (Bacterial Foraging Algorithm with Quantum Behavior,
BFAQB) . 22 43 A B35 1 4 14 38 12 3075 (Improved Bacterial
Foraging Algorithm Based on Differential Evolution, IBFABDE) |
LT 55 BT 40 A B9 41T B B 51 (Bacterial Foraging Algorithm
Based on Gaussian Distribution, BFABGD ) M 7~ SC 48 4 19 3 T
AR 1 53 1 B — ™ FOME 58 23 A1 1) 175 25 A 40 T D £ 53 % (Non-
uniform Probability Emotional Bacteria Foraging Algorithm,
NPEBFA) 7E b iR 7N A SEAE o Rt 47 030, S 96 X B 445 21
RAFR .

e 4, NPEBFA B9 8 . T BFAQB Hil IBFABDE , {H X
Rosenbrock #i ¥ 1Y £ i€ A~ 41 BFABGD. 5 NPEBFA A Lt ,
BFABGD i 13 i) Rosenbrock pR %5 4 °F- 1 i% £ 20 % AL T
NPEBFA,

Sphere BREL AR ZE SR R, NPEBFA HI LA 5 1A T
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Tab. 3 Algorithm parameter setting
. K et N THER-91H THFR-91H Lo
Bk A BEUELN, T BN, FHHWHN,, SN, . ik i)
BFAQB 50 125 2 4 0.25 0.05
IBFABDE 50 125 2 4 0.25 0.10
BFABGD 50 125 2 4 0.25 0.15
NPEBFA 50 125 2 4 0.25 0.20
x4 AEAEERFFTELERIILE
Tab. 3 Comparison of functional simulation results of different algorithms
PRIEL eIty BFAQB IBFABDE BFABGD NPEBFA
RS 5.678 33E+1 5.363 22E+1 2.267 16E+1 2.943 82E+1
K AA 1.576 10E+2 1.570 03E+2 2.373 41E+1 8. 098 31E+1
£ e/ ME 3.987 835 3.987 033 2.091 77E+1 2. 869 67E+1
: LREDA 6. 537 462E+1 6. 085 728E+1 2.281 630E+1 3. 145 870E+1
bR 3.822 346 1E+1 3.584 537 2E+1 0.9457 4.3500
SEH AR 2 000. 00 2 000. 00 475.26 1.000. 00
FHIE 0. 597 46E-4 0. 595 14E-4 0.295 18E-4 0. 264 87E-4
SN 0.975 651E-4 0. 974 320E-4 0. 481 523E-4 0. 306 134E-4
e/ME 0. 149 71E-4 0. 679 00E-5 0. 121 99E-4 0. 139 70E-6
s ERER 0.733 32E-4 0. 667 00E-4 0. 324 30E-4 0.278 95E-4
bR 0.298 376E-4 0.278 803E-4 0.112231E-4 0. 839 900E-5
AR AR 306. 20 106. 72 15.19 9.14
FHIE 0.352 573 OE-1 0. 142 989 1E-1 0. 831 540 OE-4 0. 737 000 OE-5
SN 0. 173 849 487 0. 833 066 9E-1 0. 985 470 OE-4 0. 124 730 OE-4
A e/ ME 0. 109 55E-3 0. 746 29F-4 0. 537 22E-4 0. 131 00E-5
’ GREDA' 0. 181 359 8E-1 0.985 728 7E-2 0. 870 460 OE-4 0. 589 700 OE-4
brifEZE 0. 475 030 5E-1 0. 185 053 3E-1 0. 143 870 OE-4 0.231 700 OE-4
SFREEA L 1383. 87 922.71 109. 08 16. 02
SER(Y 0.267 92E-2 0.220 41E-2 0. 440 30E-3 0. 532 10E-4
ISON[] 0.971 57E-2 0. 971 48E-2 0.972 08E-2 0. 189 95E-2
e/ ME 0. 230E-4 0. 170E-4 0. 390E-5 0. 390E-5
o LREDA 0. 793E-4 0. 763E-4 0. 523E-4 0. 286F-4
brifE 2 0.424 41E-2 0.387 31E-2 0.193 22E-2 0. 284 90E-4
SRR 321. 41 249. 30 44.73 36.77
FHIE 9 980. 386 3E-4 9980. 332 7E-4 980. 265 0F-4 9 980. 359 9E-4
Fe KA 9980. 950 1E-4 9 980. 890 9E-4 9980. 948 1E-4 9 980. 639 9E-4
e/ IME 9 980. 038 OE-4 9 980. 038 OE-4 9980. 038 OE-4 9980. 038 OE-4
S EREIA 9 980. 324 TE-4 9980. 184 OE-4 9980. 145 2E-4 9 980. 234 4E-4
bRz 0.326 9E-4 0.310 8E-4 0. 265 2E-4 0. 000 302 4
P H AR AR 90. 07 43.71 40. 10 22.12
RSN 7.730 617E+1 5. 149 903E+1 0. 821 000E-4 0. 572 000E-4
N 1 1. 457 385 9E+2 7.959 657 1E+1 0. 997 000 OE-4 0. 638 000 OE-4
£ e/ ME 3.310 945 OE+1 3.239 033 OE+1 0. 522 000 OE-4 0. 490 000 OE-5
LREDE 7. 169 040 5E+1 4. 875794 0E+1 0. 836 000 OE-4 0. 590 000 OE-4
bR 2.805 810 1E+1 1. 155063 4E+1 0. 133 000 OE-4 0. 102 000 OE-4
SRR 2 000. 00 1973.00 251. 15 55.12

Griewank PRER IR0 25 T 7R 1207 34 0] DU S Ak

PEREWARLF, [R5 HAR T VAR L, 35 S At iR

K EE RIS | 38 1 43T NPEBFA FHE245 5, UE W] FL AR08 L) &
TR TR AR SRAT R (4 B DI

Schaffer’ s PR AL FAHL S S R, NPEBFA LUK A 155
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Shekel’s Foxholes PREAYRLILLE S iR, Hoas Ryt IMEAS
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A ARG 0 fe il . 5 BFAQB.IBFABDE H1 BFABGD 4
It , NPEBFA %t Rastrigin PR ECICECE R b

Xof BAA™ S I BRBSURT 224 Jm 38 S A0 R ALY S B 2 SR 46 1
S BRELXT Rosenbrock PRELAM , 8T A AR A IB LT,
BB R, BT TR i 22 B pR4AE & 2% ] AU
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Fig. 2 Convergence comparison of different algorithms
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