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Design and Realization of Particle Swarm Optimization

Based on Pheromone Mechanism

LV Qiang’ LIU Shi-Rong! QIU Xue-Na?

Abstract
the idea of pheromone-shared mechanism used by ant colony optimization to the particle swarm optimization, and designing

A particle swarm optimization based on pheromone mechanism (PSO-PM) is proposed. Through introducing

three simple behavior rules including reserving information rule, requiring and syncretizing information rule, and evolving
rule, population information can be fully shared. Therefore, the algorithm’s ability of searching optimum value is improved.
Compared with other optimization algorithms for the benchmark functions in the experiment, the obtained results have

demonstrated the effectiveness of proposed algorithm.
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Table 2 The comparison of PSO-PM-N with PSO-PM-C, PSO-PM-W and FCA

f fain Mean Std

PSO-PM-N  PSO-PM-C PSO-PM-W FCA PSO-PM-N  PSO-PM-C PSO-PM-W FCA
fi 0 0.0 0.0 0.0 / 0.0 0.0 0.0 /
f2 0 0.0 0.0 0.0 4.53E-T7 0.0 0.0 0.0 1.52E—-7
fs 0 1.96E—4 9.05E—5 1.056E—4 2.74 5.6E—4 1.42E—4 1.69E—4 2.49
fa 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
fs 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
fe 0 1.58E—8 1.86E—8 1.69E—8 / 3.79E—8 3.46E—8 291E-8 /
fr 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
fs 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
fo 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
fio 0 8.88E—16 8.88E—16 8.88E—16 1.56E—7 2.02E-31 2.02E-31 2.02E-31 3.12E-7
fi1 0 1.13E-5 8.35E—6 4.80E—-5 7.94E—11 2.26E—5 2.12E-5 1.09E—4 4.25E—-12
fi2 0 1.72E—6 2.35E—6 2.98E—6 2.656E—14 3.07TE—6 3.44E—6 3.67TE—6 8.17E—14
fis 0 0.0 0.0 0.0 / 0.0 0.0 0.0 /
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Table 3  The comparison of PSO-PM-N with PSO-PM-C and PSACO
f  Required Mean Variance Number of function evaluations
accuracy PSO-PM-N PSO-PM-C PSACO PSO-PM-N PSO-PM-C PSACO PSO-PM-N PSO-PM-C PSACO
fi 1E-10 2.81E-11 3.80E—11 9.26E—-11 6.37TE—22 8.51E—22 3.88E—-23 150 133 75580
f2 1E—4 2.93E-5 3.56E-5 9.37TE—-5 5.509E—10 8.36E—10 2.19E—11 78 74 110660
fs 1E-3 2.98E—4 3.56E—4 43.977 1.06E—7 1.07TE—7 4950.2 8682 9879 300 000
fa 1E—4 3.71E-5 3.02E-5 4.68E—2 8.34E—10 6.91E—10 4.10E—3 64 61 227400
fs 1E—4 3.66E—5 3.93E-5 1.35E—-5 7.36E—10 6.74E—10 6.93E—-10 54 54 123400
fe 1E—4 4.09E-5 4.14E-5 4.08 1.02E—-9 9.07E—-10 60.488 389 371 112205
fr 1E—4 3.61E—-5 3.44E-5 9.18E—5 7.90E-10 6.08E—-10 3.91E-11 57 57 39302
fs 1E—4 5.57TE—5 6.36E—5 1.4E-5 4.85E—10 4.94E—-10 4.76E—6 7 85 27120
fo 1E—4 0.0 0.0 0.0 0.0 0.0 0.0 30 31 13876
fio 1E—4 5.84E—5 6.31E—-5 0.6255 4.95E-10 5.41E-10 1.1041 74 74 102 500
fi1 1E—6 4.52E-7 2.51E-7 9.21E-7 1.36E—13 7.14E—-14 1.12E—14 9071 7651 24 859
fiz  1E—4 2.81E—5 3.35E-5  8.63E—5 8.05E—10 9.95E—-10 3.98E-10 2481 3396 27996
fiz  1E-8 2.70E-9 3.32E—-9 1.97E—-9 6.88E—18 7.34E—18 2.97E-18 125 118 33703
%4 PSO-PM-W 5 DPSO. OEPSO HiZ:fHkRE L
Table 4 The comparison of PSO-PM-W with DPSO and OEPSO
f Required Mean Variance Number of function evaluations
accuracy PSO-PM-W DPSO OEPSO PSO-PM-W DPSO OEPSO PSO-PM-W DPSO OEPSO
fi 1E-10 4.20E—11 9.35E-11 / 8.00E—22 1.50E—22 / 151 34185 /
fo 1E—-4 3.57TE—5 1.07TE—4 9.794E-5 7.31E—10 1.23E—-9 2.006E—6 7 268220 189607
fs 1E-3 3.53E—4 22.65 9.723E—4 7.53E—-8 1053.3  2.219E-5 10292 300000 242548
fa 1E—4 3.56E—5 5.8E—2 1.780E—2 7.68E—10 1.6E—-3 1.27E—2 60 241130 206236
fs 1E—4 3.40E—5 2.98E—1 8.721E—5 9.01E—-10 1.3074 2.328E—5 57 147180 148426
fe 1E—-4 3.46E—5 0.281 / 7.57TE—10 0.2279 / 354 120220 /
fr 1E—4 3.38E—5 9.52E—-5 9.416E—-5 5.64E—-10 2.68E—11 5.171E—6 58 13464 48207
fs 1E—4 5.39E—5 9.61E—5 9.335E—5 4.26E-10 2.23E—11 1.435E-5 79 18656 78654
fo 1E—4 0.0 0.0 0.0 0.0 0.0 0.0 30 7974 55033
fio 1E—4 5.3TE-5 9.70E-5 9.770E—-5 5.33E—10 8.64E—12 1.644E—6 71 25696 90228
fi1 1E—6 3.75E—-T7 9.21E-7 9.619E-7 9.22E—-14 1.06E—14 3.658E—8 9740 24 597 70576
fi2 1E—4 3.35E—5 8.93E—5 9.250E-5 8.68E—10 2.82E—10 1.265E-5 2879 21335 57405
fis 1E-8 4.12E-9 9.92E—9 / 7.78E—18 1.41E-21 / 119 269770 /
Ko T RREL fa fa, UL R ECT S VA B L
Table 5 The comparison of numbers of function evaluations for several algorithms on functions f3 and fa
Dimension fs(e=1E-2) fi(e =1E—4)
PSO-PM-N  PSO-PM-C PSO-PM-W  IMCPA PSO-PM-N  PSO-PM-C PSO-PM-W  IMCPA
20 2741 1593 3514 / 60 60 57 2421
100 4676 7569 6773 / 61 59 60 6713
200 7701 8869 5984 / 60 63 59 8460
400 9758 9861 17074 / 58 60 57 15365
1000 14925 8612 24543 / 64 60 61 30906
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Table 6 The comparison of numbers of function evaluations for several algorithms on functions f5 and fio
Dimension fs (e =1E-1) fi0 (e = 1E-3)
PSO-PM-N PSO-PM-C PSO-PM-W IMCPA PSO-PM-N  PSO-PM-C PSO-PM-W IMCPA
20 35 36 36 1469 59 62 64 1776
100 43 41 40 4988 58 63 60 5784
200 41 38 42 5747 63 67 57 9728
400 47 42 43 12563 61 65 63 13915
1000 47 45 45 24408 60 61 58 26 787
KT WT R fas fo, MBS LERINEHL N, JUR L BT VRN OB UL
Table 7 The comparison of numbers of function evaluations for several algorithms on functions fi and fs with
higher dimensions
Dimension fa(e = 1E—-4) fs (e =1E-1)
PSO-PM-N PSO-PM-C PSO-PM-W IMCPA PSO-PM-N PSO-PM-C PSO-PM-W IMCPA
2000 62 60 62 43003 50 51 49 37879
5000 64 60 59 125847 48 53 52 87245
10000 56 61 64 147037 52 52 52 143700
5 4t (W, Vo520, FAsl. SGUI AR T RES O RS BN 5

T AR T BEOL AL SR R SN B B IR
i, ASCHR T TR R LR AL B
(PSO-PM). Z M55k i ) F ) —
T A7 SRR A5 0 ) DA KR~ 35 A4 0 U B vy
SEEL. RIS, WSSO BT RAIE T R S R A S B 4 T
efig. JF R, D7 BUSEH A=A TR UE T A
PSO-PM S35 BATEGRIGFILRE ST, BIEUE T 15 5
(R 783 73 R T4 m AR I S R AL B T Bk
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