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Ecological Pyramid Particle Swarm Optimization

LIU Ya-hong ZHANG Wei FAN Lv-bin
(College of Chemistry and Chemical Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract A novel ecological pyramid particle swarm optimization variant was proposed to deal with the high dimen-
sions, complex optimization problems. In the new variant, the ecological pyramid system was introduced to improve the
particle’s diversity. At the same time, the variation both on the local exemplar and the global exemplar was also em-
ployed extending the search space. To verify the effectiveness of the algorithm, fifteen benchmark problems were used to
test the performance of EP-PSO. Experimental results validate the outstanding performance of EP-PSO. Compared with
other algorithms, EP-PSO not only obtained high accuracy solutions, but also achieved high efficiency and reliability.
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Rank 8 9 10 4 6 2 5 3 7 1
Fonean 5.91E—01 6.85E+01 5.16E+02 5.88E+00 2.08E+02 1.31E+02 2.99E—01 1.62E+02 2.93E+02 1.37E—01
F13 SD 7.76E—01 1.01E+01 8.59E+01 2.51E+00 4.59E+01 2.93E+01 4.64E—01 4.08E+01 5.76E+01 3.08E+01
Rank 3 5 10 4 8 6 2 7 9 1
Fonean 7.20E—03 6.99E+01 5.28E+02 1.20E+01 1.63E+02 1.49E+02 3.01E—01 2.09E+02 3.14E+02 2.43E+01
F14 SD 1.0O6E—02 7.32E+00 8 47E+01 3.16E+00 2.82E+01 3.94E+01 4.67E—01 5.21E+01 6.18E+01 3.70E+00
Rank 1 5 10 3 6 7 2 8 9 4
Fonean 0.00E+00 4.24E—09 7.69E+02 2.05E—03 1.46E+03 0.00E+00 0.00E+00 0.00E+00 7.21E+02 3.56E—03
F15 SD 0.00E+00 1.35E—08 4,09E+02 3.49E—03 4.63E+02 0.00E+00 0.00E+00 0.00E+00 4,54E+02 7.23E—03
Rank 1 2 5 3 7 1 1 1 6 4

T P EHEBE (Fowan ) AEILTEZST 3. 00E+5 WILIUIZH 182 A B AE B AR REE 59 P 39 WO S0RE BE 5 b 22 (SD) g 3. 00E+5 YRR IiE
L BE B BIPRHE 2 s Rank D945 - 2045 BE B 42

DB BT

AL AR AIAE] B ARG B B3 N e BT 2540
R ERGETH AR 5 ol W3R 5 S mERTA,
% ¥k EP-PSO 7£ i ¥ F1,F2, F3,F4, F6,F7,F9,F10,F12

FBLL 10096 MIMESR X B T ol 20 B ARG BE ZK L BT F 734 2
Bt AR B LD . X T e/ MBI AR A g F5, 10
AR AR AR BRI R B e LB B B (. EP-PSO BIL7E bR
B F8, F15 AL 53 5 60900 904

RS ABBIRIIFRANE L RECF BRI

o % APSO CLPSO CPSO  FLPSO-QIW  FPSO FIPSO MPSO-TVAC RPPSO  PSO-LDIW  EPPSO
SR 0.00% 100. 00% 0.00% 100. 00% 13.33% 80.00% 100. 00% 73.33% 63.33% 100. 00%
K1 SP Inf 1. 25E+405 Inf 6.04E405 9.68E+04 9.86E+04 4.49E+03 1.52E+04 1.63E+04 3.48E+03
SR 0.00% 100. 00% 0.00% 100. 00% 3.33% 50. 00% 100. 00% 10. 00% 0.00% 100. 00%
Fz SP Inf 1. 41E405 Inf 7.11E4+04  3.44E+05 1.65E+05 1.02E+05 3.11E+05 Inf 4.92E+03
SR 0.00% 0.00% 0.00% 0.00% 0.00% 70.00% 100. 00% 0.00% 0.00% 100. 00%
s SP Inf Inf Inf Inf Inf 1. 62E+05 2.66E+05 Inf Inf 3.39E+03
SR 0.00% 0.00% 0.00% 0.00% 0.00% 60. 00% 100.00%  100.00%  100.00%  100.00%
Fi SP Inf Inf Inf Inf Inf 1.39E+05 5.78E+03 1.17E+04 1.18E+04 3.39E+03
SR 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
B SP Inf Inf Inf Inf Inf Inf Inf Inf Inf Inf
SR 0.00% 0.00% 0.00% 6.67% 0.00% 40.00% 100. 00% 70.00% 3.33% 100. 00%
F6 SP Inf Inf Inf 3. 46E4-06 Inf 3.56E+05 8.57E+04 4,19E+04 4, 70E+05 2,07E+03
SR 6.67% 0.00% 0.00% 0.00% 0.00% 33.33% 100. 00% 60. 00% 3.33% 100. 00%
F7 SP 2. 60E+06 Inf Inf Inf Inf 2.66E+05 1.08E+05 2.50E+04 6.04E+05 2, 13E+03
SR 0.00% 100. 00% 0.00% 100. 00% 6.67% 70.00% 100. 00% 86.67% 73.33% 60. 00%
F8 SP Inf 1. 11E4-05 Inf 5.00E+04 1.60E+05 1.05E+05 4.54E+03 1.34E+04 1.13E+04 1.11E+05
Fo SR 0.00% 100. 00% 0.00% 100. 00% 3.33% 53.33% 100. 00% 36.67% 16.67% 100. 00%
SP Inf 1. 05E+4-05 Inf 4.79E+04  3.36E+05 1.07E405 5. 64E+03 1.25E+05 6.96E+04 2,42E+03
Flo SR 0.00% 100. 00% 0.00% 100. 00% 0.00% 16.67% 90. 00% 83.33% 16.67% 100. 00%
SP Inf 1. 42E4-05 Inf 6. 67E+04 Inf 4.59E+05 1.73E+05 3.15E4+04 2.11E405  3,49E+03
- SR 0.00% 0.00% 0.00% 0.00% 0.00% 53.33% 20.00% 40.00% 6.67% 0.00%
SP Inf Inf Inf Inf Inf 1. 07E+05 3.13E+05 3.95E+04 3.84E+05 Inf
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& % APSO CLPSO CPSO  FLPSO-QIW  FPSO FIPSO MPSO-TVAC RPPSO  PSO-LDIW  EPPSO
F12 SR 0.00% 0.00% 0.00% 0.00% 0.00% 43.33% 16.67% 20. 00% 0.00% 100. 00%
SP Inf Inf Inf Inf Inf 2.84E+05 1.83E+05 9. 26E+04 Inf 2.05E+03
3 SR 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 70. 00% 0.00% 0. 00% 0.00%
SP Inf Inf Inf Inf Inf Inf 2. 65E+05 Inf Inf Inf
Fl4 SR 86.67% 0.00% 0.00% 0.00% 0.00% 0. 00% 70. 00% 0.00% 0.00% 0.00%
SP 2.51E+05 Inf Inf Inf Inf Inf 2. T4E-+05 Inf Inf Inf
F15 SR 100.00% 100. 00% 6.67% 100.00% 0.00% 100. 00% 100. 00% 100. 00% 13.33% 90, 00%
SpP 1.20E404  7.44E+05 9.05E+05 4, 88E+04 Inf 2.47E+03  4.42E+03 9.09E+02 4.54E+03 1.13E+05
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H P 3) BR s AR UCER

HLRT AL, A S S TFIE REPE = B REA IR
TFEERLT B SO N 2 BRI SRR FRAR T R
i I, L A e 5 24 v 2 e 2 (8 1 F15) , EP-PSO B3
W& R MRS AR T CLPSO 453008l B 15, A RELL 10026 B HE
RIKF R EH RS R .

DT T

ARG L SE R TR T KR S I A, AT o R ek
BB Ok TR ZS FRIME , Xof IR PR T 4656 O i Xt B8 47 45
0T, BWPE EP-PSO Bk 53 Bk 2 H i e R

B EFEEEERERIE 6 Fidl. #EBEMKTE =
0.05, MWK EE AT 30 K, B E n=29, &R
t0.05(29)=2. 0452, X |t|>10.0s QOB NN ZF B E,IEH
h="4" ;24| 1| <Tt0,05 (29) B, IA N EP-PSO B 1 541 B e
PSOBHETLRELR. DN h="“—"H“=", RE—ITHH
“w/1/Ge it 16 MRENHR B AL S R B 22 R
BAE (w) T B3 2 SO R A 22 R KR B
(o, BFE6 T, 5 9 M B AL, EP-PSO B k5t K
ZRI BB AR 2 7 B3

#* 6 EP-PSO&: 5 PSO BH:EF BEHKLE

B APSO CLPSO CPSO FLPSO-QIW FPSO FIPSO MPSO-TVAC RPPSO PSO-LDIW
T-%%  7.57E+00 2.41E+00 6.71E+00 2.66E+00 5.51E+00 2.01E+00 NaN 2.35E+00 3. 50E+00
H h + + + + + - = + +
T-%%  1.21E+01 7.48E+00 6.80E+00 2.16E+00 8. 56E+00 3.22E+00 2.74E+00 7.53E+00 9.08E+00
F h + + + + + + + + +
T-%%  1.66E+01 2.81E+01 1.53E+01 1.62E+01 1.42E+01 2.80E+00 4.92E+00 1.19E+01 7.17E+00
F h + + + + + + + + +
T-%%  2.49E+01 1.19E+01 3.51E+01 1.45E+01 7.87E+00 3.46E+00 —Inf —Inf —Inf
i h + + + + + + + + +
T-%% 5 01E+00 —3.89E+01 6.40E+00 —6.16E+01 9.28E+00 1.88E+01 —1.50E+01 3.57E+01 2.08E+00
£ h + + + + + + + + +
T-% % 5.06E+00 4.62E+01 3.69E+01 9.37E+00 9.93E+00 2.32E+00 2.56E+00 3.27E+00 8.10E+00
6 h + + + + + + + + +
T-% % 6.12E+00 4.55E+01 3.40E+01 1.30E+01 9.17E+00 3.61E+00 3.84E+00 3.53E+00 1.07E+01
F h + + + + + + + + +
T-%%  1.07E+01 —2.93E+08 5.48E+00 —2.16E+01 1.09E+01 2.90E+00 —Inf —6.42E—01 3.07E+00
8 h + + + + + + + = +
T-%%  1.41E+01 2.60E+01 5.26E+01 1.80E+01 8.96E+00 2.75E+00 Inf 4, 46E+00 1, 11E+01
B h + + + + + + + + +
T-#%  1.58E+01 NaN 5.36E+01 2.24E+00 7.81E+00 5.63E+00 1.79E+00 2,06E+00 7.51E+00
Fo oy + - + + + + + + +
T-%%  1.56E+01 7.26E+01 4.41E+01 3.21E+01 1.72E+01 5.65E—01 5.34E+00 2.30E+00 1.09E+01
FLy + + + + + + + + +
T-%%  2.31E+01 6.98E+01 2.43E+01 3.29E+01 2.24E+01 4.43E+00 8.63E+00 8 27E+00 1.45E+01
flzoy + + + + + + + + +
T-%#% —9.63E+02 —3.71E+01 2.42E+01 —2.86E+02 8.47E+00 —1.12E+00 —1.61E+03 3.36E+00 1.48E+01
f3 -y + + + + + + + + +
T-%#% —1.26E+04 3.41E+01 3.26E+01 —2.13E+01 2.69E+01 1.73E+01 —2.81E+02 1.94E+01 2.57E+01
fe oy + + + + + + + + +
T-#%% —Inf —1.44E+06 1.03E+01 —2.37E+00 1.73E+01 —Inf —Inf —Inf 8. T0E+00
flo oy + + + + + + + + +
w/l/t 15/0/0 14/0/1 15/0/0 15/0/0 15/0/0 15/0/0 14/0/1 14/0/1 15/0/0

W T A% EP-PSO Hvk 5 HA 9 B IEAT ILER ) T M {H, LLEHEE 9500 0 7, BrA BEk st 3 A RO Sz 3 R
(n=30), B K R IEHEREARTHR B RA ST B0 0 R T B EX W EP-PSO Bt R GHAI T RIL. AR ¥
ISR A+, BRAMFE RG24 A =", BN K —";w/l/t J3 EP-PSO BHEEH w MR FHER T ILE
oA LA REUNERE T WBEY A « MRS WEESR
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O(T,N,D)=2TXO(NXD)+O(NXD) (10
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BER

O(T,N,D)=TXO(NXD)+O(NXD) an
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