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Multi-population particle swarm cultural algorithms adopting
chaotic knowledge migration
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(College of Information and Electrical Engineering, China University of Mining and Technology, Xuzhou Jiangsu 221116, China)

Abstract: In existing multi-population particle swarm cultural algorithms based on knowledge migration, the migrated
knowledge may not reflect the best individuals in the advantageous region. In order to improve the efficiency of knowledge
migration, a novel multi-population particle swarm cultural algorithms adopting chaotic knowledge migration is proposed.
Chaos sequence is used to deeply explore migrated cells for improving the validity of migrated knowledge. Knowledge
migration interval is then dynamically adjusted by generation. This keeps the diversity of population in the early evolution
and accelerates the convergence in the latter evolution. Simulation results indicate that the algorithm effectively improves

the speed of convergence and eliminates premature convergence.
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Table 1 Benchmark functions

HIURENEEEAd AEEE ARG RUE
fi(z) = fj(z z)? [—100, 100] 10 0
i=1 j=1
n—1
fo(x) = 3 (100(zis1 — 22)% 4 (z; — 1)?) [—30, 30] 10 0
=1
in(y/2? +23)]> - 0.5
fa(z) = 0.5+ pin(y/e1 +2) . [~ 100, 100] 2 0
(1.0 +0.001(z? + z3))
fa(z) = 3 (22 — 10 cos(27ma;) + 10) [—5.12,5.12] 10 0
=1
f5(x) = —20exp(—0.2, /% En: x?) — exp(% Zn: cos(2mz;)) +20 + e [—30, 30] 10 0
i=1 =1
fo(x) = ﬁ znj 7 ﬁ cos(w;/Vi+1)+1 [—600, 600] 10 0
i=1 i=1
n—1
fr(x) = —{10(sin(ry1))* + X (yi — 1)* - [1 + 10sin® (ry;1)]+
i=1 [—50, 50] 10 0




1060

ECI U 2 o I VA

08 35

BUE VS K M, SB7E 3 FMATLAB7.04K
PR AE s, BB HIE W R 25K,

k2 EEAHIE

Table 2 The main parameters and their values
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g R H ey 2 BITIREL 20
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(Analysis of algorithms’ performance)
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BV S R R W 2R [ 52 3T A% (8] B 1,
ATIL/N, RS SRR v, AR TR TR
Z A 2 RERE, BRI ) A A3 A 21 i
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Table 3 Comparison of algorithms’performance with different 7

PR 1 fo f3 fa f5 f6 fz
M1 0.0534 52.9 6.47E—6 7.09374 4.9382E—-5 9.1E—6 9.3E—6
PN M?2 234 1627 185 1662 228 61 69
M3 20 17 20 20 20 20 20
M4  2.15E-4 1.28E-2 1.39E-3 1.33E-3 1.01E-5 1.85E-3 3.35E-3
M1 0.0564 52.1 6.53E—-06 7.21374 9.3E—-6 94E—6 9.4E—6
) M?2 240 1639 188 1692 63 72 76
M3 20 14 20 20 20 20 20
M4 172E-5 4.77E-3 3.28E-5 3.29E-3 8.14E—6 2.52E-3 4.69E—3
M1 0.0564 52.1 6.53E—-06 7.21374 94E—6 9.4E—6 9.4E—6
r—6 M?2 240 1639 188 1692 68 72 76
M3 20 14 20 20 20 20 20
M4  1.77TE-5 4.67E-2 2.54E—4 3.50E-2 8.27E—5 6.19E—-3 5.74E-3
M1 0.0574 53.1 6.55E—06 7.14374 9.5E—6 9.6E—6 9.6E—6
F—3 M?2 245 1649 192 1673 74 81 20
M3 20 14 20 20 20 20 2
M4  2.36E-5 1.88E—2 1.80E-3 5.13E-3 1.25E-5 8.75E—3 7.84XE-3

2) JRIE AR S R IR R .

TRV B A 5 5 e 6o 3 B 0 R B R R IR
JEE. VR A K, R A e Tl e U RO s (R
STFR AR, SR AR R P 2K R, gt
BATE R WL ATTR.

SEEG g8 AR VR 0 K, I SOE TR,
AR 110 o 2 vy XS DR A VR P A, IR A
B ERR T 4y, IR S0 Rk B8 S WUT B 47
B IR, (IR AR, TF 5T AR

5.2 5 HAbSE M EXT L 43 HT(Comparison of the
performance with other algorithms)

I3 IR RSO SR . Z2 Mok 1 1 ST Ak
S AIMPSCCKM, Z: M2 7 L S B AT 4L
{HVHE, BTSRG0T n RS FTR.

FHECET 5, A SR I Sk AR BATR
PRV W S5 FEE v P T V1 AR R A R B B A
(1) R Ty . AL GERL1- B SO SEVE 25 2 BN Jd i i
P, i Ae e Itk 2.
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Table 4 Comparison of algorithms’performance with different L,
Bl fi f2 I3 fa f5 fe fr
M1 0.0634 57.9 6.478E—6 8.89374  8.9382E—5 9.7E—6 9.6E—6
I 10 M?2 264 1677 195 1672 246 74 87
" M3 20 20 20 20 20 20 20
M4  3.15E—4 228E-2 2.39E-3 2.33E-3 2.11E-5 2.15E-3 4.15E-3
M1 0.0534 52.9 6.47810—6 7.092 4.9382E—5 9.1E-6 9.3E-6
M?2 234 1627 185 1662 228 61 69
Ly, = 100
M3 20 20 20 20 20 20 20
M4 2.82E—-5 5.87E-3 4.38E—5 439E-3 7.14E—6 3.52E-3 5.65E-3
A5 RRHiEHE i
Table 5 Comparison of different algorithms performance
T SCAG S 2 R T T SCA B FVRIT RS 1) 2 PR T B U SRk
M1 M2 M3 M4 M1 M2 M3 M4 M1 M2 M3 M4
f1 0.1334 264 13 7.14E—4 9.79511 254 18 8.14E-6 0.0534 234 20 3.15E-4
fo 56.9 1827 20 5.52E-3 128.6 1827 0 43.52E-3 52.9 1627 0 228E-2
f3 8478E-5 189 16 6.5E—4 0.0019 194 0 6.65E—1 6.478E—6 185 20 2.39E-3
fa 9.03474 1762 17 8.14E-5 90.25 1882 19 8.14E-5 7.09374 1662 20 2.33E-3
fs  6.9332E-5 13 13 8.14E—6 7.578E—5 328 0 6.214E—6 4.9382E-5 228 20 7.14E-3
fe 34E-5 16 16 4.45E-3 14.01 71 16 5.54E-3 9.1E-6 61 20 3.52E-3
fr 9.8E-5 3 3 9.8E-5 690.7 69 0 6.35E—3 9.3E-6 69 20 5.65E-3
6 %%(COHC]USiOHS) cal Design[C] /2006 IEEE Congress on Evolutionary Computation.
ﬁj{%%k%%ﬁéﬁgj{%i%ﬁ*ﬁﬁ %ﬁgﬁ* New York: IEEE, 2006: 1099 — 1104.
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SRS THT [7) e 4 o B DI A L B o S A R R
B, R0 A R £ R AT R, Wl DA B b
AR HE R AL AR, AT A K e AL W SIGH
SO SRR RE. SN BEAT R S T A A SR
JEA W AR B A
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