Journal of System Simulation

Volume 32 | Issue 1 Article 2

1-17-2020

An Enhanced Multi-modal Function Optimization Fireworks
Algorithm Base on Loser-out Tournament

Xiaoning Shen

1. School of Automation, Nanjing University of Information Science and Technology, Nanjing 210044,
China;;2. Jiangsu Collaborative Innovation Center of Atmospheric Environment and Equipment
Technology, Nanjing 210044, China;;3. Jiangsu Key Laboratory of Big Data Analysis Technology, Nanjing
210044, China;

Wang Qian
1. School of Automation, Nanjing University of Information Science and Technology, Nanjing 210044,
China;;

Huang Yao
1. School of Automation, Nanjing University of Information Science and Technology, Nanjing 210044,
China;;

You Xuan
1. School of Automation, Nanjing University of Information Science and Technology, Nanjing 210044,
China;;

Follow this and additional works at: https://dc-china-simulation.researchcommons.org/journal

b Part of the Artificial Intelligence and Robotics Commons, Computer Engineering Commons, Numerical
Analysis and Scientific Computing Commons, Operations Research, Systems Engineering and Industrial
Engineering Commons, and the Systems Science Commons

This Paper is brought to you for free and open access by Journal of System Simulation. It has been accepted for
inclusion in Journal of System Simulation by an authorized editor of Journal of System Simulation.


https://dc-china-simulation.researchcommons.org/journal
https://dc-china-simulation.researchcommons.org/journal/vol32
https://dc-china-simulation.researchcommons.org/journal/vol32/iss1
https://dc-china-simulation.researchcommons.org/journal/vol32/iss1/2
https://dc-china-simulation.researchcommons.org/journal?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol32%2Fiss1%2F2&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/143?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol32%2Fiss1%2F2&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/258?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol32%2Fiss1%2F2&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/147?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol32%2Fiss1%2F2&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/147?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol32%2Fiss1%2F2&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/305?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol32%2Fiss1%2F2&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/305?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol32%2Fiss1%2F2&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1435?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol32%2Fiss1%2F2&utm_medium=PDF&utm_campaign=PDFCoverPages

An Enhanced Multi-modal Function Optimization Fireworks Algorithm Base on
Loser-out Tournament

Abstract

Abstract: An enhanced multi-modal fireworks algorithm based on the loser-out tournament is proposed. A
new position-based mapping rule is used to map the explosion sparks beyond the upper boundary of the
explosion space to the area near the upper boundary, and to map the one below the lower boundary to the
area near the lower boundary. A strategy which adaptively adjusts the number of explosion sparks is
introduced to better balance the global and local search abilities of the algorithm. The 28 functions in the
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Abstract: An enhanced multi-modal fireworks algorithm based on the loser-out tournament is proposed.
A new position-based mapping rule is used to map the explosion sparks beyond the upper boundary of the
explosion space to the area near the upper boundary, and to map the one below the lower boundary to the
area near the lower boundary. A strategy which adaptively adjusts the number of explosion sparks is
introduced to better balance the global and local search abilities of the algorithm. The 28 functions in the
CEC2013 standard test function set are selected to the test. Experimental results show that the proposed
algorithm performs search better.
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Tab. 1 28 test functions of CEC 2013 benchmark suite
F. K BRI B R
1 Sphere Function
2 Rotated High Conditioned Elliptic
BRI 3 Function
PREL 4 Rotated Bent Cigar Function
5 Rotated Discus Function
Different Powers Function
6 Rotated Rosenbrocks Function
7 Rotated Schaffers F7 Function
8 Rotated Ackleys Function
9 Rotated Weierstrass Function
10 Rotated Griewanks Function
11 Rastrigins Function
12 Rotated Rastrigins Function
ZI& 13 Non-Continuous Rotated Rastrigins
% 14 Function
15 Schwefel’s Function
16 Rotated Schwefel’s Function
17 Rotated Katsuura Function
18  Lunacek Bi Rastrigin Function
19  Rotated Lunacek Bi Rastrigin Function
20  Expanded Griewanks plus Rosenbrocks
Function Expanded Scaffers F6 Function
21 Composition Function 1 (Rotated)
22 Composition Function 2 (Unrotated)
23 Composition Function 3 (Rotated)
856 24 Composition Function 4 (Rotated)
%L 25  Composition Function 5 (Rotated)
26  Composition Function 6 (Rotated)
27 Composition Function 7 (Rotated)
28 Composition Function 8 (Rotated)
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Tab. 2 Comparison between improved strategy and LoTFWA

. LoTFWA AAQP-LoTFWA Wilcoxon PMR-LoTFWA Wilcoxon
' Mean Std Mean Std FRAAS I Mean Std FRAN

1 0.00E+00 0.00E+00 0.00E+00 0.00E+00 = 0.00E+00 0.00E+00 =
2 1.19E+06 4.27E+05 1.58E+06 5.08E+05 — 1.37E+06 5.10E+05 —
3 2.23E+07 1.97E+07 2.21E+06 1.39E+07 + 5.64E+06 1.27E+07 +
4 2.13E+03 8.11E+02 3.48E+03 7.83E+02 — 1.09E+03 6.84E+02 +
5 3.55E-03 5.01E-04 4.87E-03 6.49E-04 — 2.33E-03 5.06E-04 +
6 1.45E+01 6.84E+00 3.89E+00 6.03E+00 + 1.54E+01 2.58E+00 —
7 5.05E+01 9.69E+00 6.45E+01 1.08E+01 — 4.16E+01 1.01E+01 +
8 2.09E+01 6.14E-02 2.08E+01 7.43E-02 + 2.08E+01 6.73E-02 +
9 1.45E+01 2.07E+00 1.04E+01 2.31E+00 + 1.36E+01 2.26E+00 +
10 4.52E-02 2.47E-02 3.94E-02 3.97E-02 + 9.87E-03 2.82E-02 —
11 6.39E+01 1.04E+01 7.06E+01 3.97E-02 — 2.59E+01 8.07E+00 +
12 6.82E+01 1.45E+01 7.66E+01 1.29E+01 — 2.89E+01 8.27E+00 +
13 1.36E+02 2.30E+01 1.16E+02 2.48E+01 + 7.91E+01 1.55E+01 +
14 2.38E+03 3.13E+02 2.42E+03 3.05E+02 — 2.73E+03 3.11E+02 —
15 2.58E+03 3.83E+02 2.42E+03 3.40E+02 + 2.21E+03 2.48E+02

16 5.74E-02 2.13E-02 3.56E-02 2.23E-02 + 4.06E-02 2.10E-02

17 6.20E+01 9.45E+00 5.16E+01 9.67E+00 + 7.07E+01 1.32E+01 —
18 6.12E+01 9.56E+00 7.08E+01 9.81E+00 — 6.76E+01 1.23E+01 —
19 3.05E+00 6.43E-01 2.01E+00 6.19E-01 + 3.57E+00 6.51E-01 —
20 1.33E+01 1.02E+00 1.45E+01 1.03E+00 — 1.36E+01 9.97E-01 —
21 2.00E+02 2.80E-03 2.00E+02 2.00E+01 = 2.00E+02 0.00E+00 =
22 3.12E+03 3.79E+02 2.65E+03 3.95E+02 + 3.06E+03 3.51E+02 +
23 3.11E+03 5.16E+02 3.13E+03 3.62E+02 — 3.01E+03 3.89E+02 +
24 2.37E+02 1.20E+01 2.49E+02 1.10E+01 — 2.18E+02 1.17E+01 +
25 2.71E+02 1.97E+01 2.87E+02 6.56E+00 — 2.73E+02 5.61E+00 —
26 2.00E+02 1.76E-02 2.00E+02 2.59E-02 = 2.00E+02 1.92E-02 =
27 6.84E+02 9.77E+01 6.01E+02 8.54E+01 + 4.72E+02 1.15E+02 +
28 2.65E+02 7.58E+01 3.00E+02 9.05E+01 — 3.00E+02 6.50E+01 —
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Tab. 3 Mean and standard deviation of ELOTFWA and
LoTFWA

ELoTFWA
Std

0.00E+00
5.67E+05
1.47E+07
6.70E+02
1.03E-03
4.19E+00
1.02E+01
6.74E-02
1.96E+00
3.16E-02
7.64E+00
7.77TE+00
1.74E+01
3.73E+02
2.91E+02
1.84E-02
1.01E+01
1.07E+01
4.94E-01

1.07E+00
1.40E+01
4.16E+02
3.98E+02
1.09E+01
5.51E+00
1.69E-02
7.65E+01
0.00E+00

Wilcoxon
FRFAS I

LoTFWA
Std

0.00E+00
4.27E+05
1.91E+07
8.11E+02
5.01E-04
6.84E+00
9.69E+00
6.14E-02
2.07E+00
2.47E-02
1.04E+01
1.45E+01
2.30E+01
3.13E+02
3.83E+02
2.13E-02
9.45E+00
9.56E+00
6.43E-01
1.02E+00
2.80E-03
3.79E+02
5.16E+02
1.20E+01
1.97E+01
1.76E-02
9.77E+01
7.58E+01

Mean

0.00E+00
1.27E+06
2.52E+06
1.24E+03
5.05E-03

1.57E+01
3.21E+01
2.09E+01
1.27E+01
5.17E-02
2.49E+01
4.38E+01
8.85E+01
2.15E+03
2.48E+03
4.79E-02
3.09E+01
5.05E+01
2.78E+00
1.24E+01
2.00E+02
2.45E+03
2.70E+03
2.20E+02
2.59E+02
2.00E+02
6.74E+02
3.00E+02

Mean
0.00E+00
1.19E+06
2.23E+07
2.13E+03
3.55E-03
1.45E+01
5.05E+01
2.09E+01
1.45E+01
4.52E-02
6.39E+01
6.82E+01
1.36E+02
2.38E+03
2.58E+03
5.74E-02
6.20E+01
6.12E+01
3.05E+00
1.33E+01
2.00E+02
3.12E+03
3.11E+03
2.37E+02
2.71E+02
2.00E+02
6.84E+02
2.65E+02
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AL 535 5 Pl JLAFE R R I LL A AL S — 3 eSS HEZ IR 4 Pios,
T WSOt R HAE SR AT 1 IR B A B S HTAET G, 2 ESMAIERTE LoTFWA
38 R AE 50 AFWAL, —Fh b4 HE 28 R 48 5 (S5 45 FARA T3 4 vh o Hrp s o o Ae o
1 CoFWAL, GFWASL B2 RHAE 505 dynFWAP! 0 LU P e, 26 4 3645 T P4 25
IR R A 5075 BEWAN, I s 83k (il S 50k 3 Z (AR, IV SR v e 2

N SRV S A, B A ST S A AT B A

R4 PHREES SO RHAE FE R E . bRAEZE A2 2 HE A UL

Tab. 4 Mean, standard deviation and average error ranking comparison between algorithm of this paper and other of the improved

EFWA dynFWA AFWA COFWA

GFWA LoTFWA ELoTFWA

F.  Mean Std Mean Std Mean Std Mean Std

Mean Std Mean Std Mean

Std

1 7.82E-02 1.31E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2 5.43E+05 2.04E+05 7.87E+05 3.56E+05 8.92E+05 3.92E+05 8.80E+05 4.18E+05
3 1.26E+08 2.15E+08 1.57E+08 2.21E+08 1.26E+09 1.54E+08 8.04E+07 8.88E+07
4 1.09E+00 3.53E-01 1.28E+01 8.06E+00 1.14E+01 6.83E+00 2.01E+03 1.37E+03
5 7.90E-02 1.01E-02 5.42E-04 7.98E-05 6.04E-04 9.24E-05 7.41E-04 9.82E-05

0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
6.96E+05 2.66E+05 1.19E+06 4.27E+05 1.27E+06
3.74E+07 8.65E+07 2.23E+07 1.97E+07 2.52E+06
5.00E-05 6.17E-05 2.13E+03 8.11E+02 1.24E+03

1.55E-03 1.82E-04 3.55E-03 5.01E-04 5.05E-03

0.00E+00
5.67E+05
1.47E+07
6.70E+02

1.03E-03

AR 4.40 3.00 3.60 3.60

2.20 4.20 4.00

6 3.49E+01 2.71E+01 3.15E+01 2.62E+01 2.99E+01 2.63E+01 2.47E+01 2.08E+01
7 1.33E+02 4.34E+01 1.03E+02 2.95E+01 9.19E+01 2.63E+01 8.99E+01 1.78E+01
8 2.10E+01 4.82E-02 2.09E+01 7.59E-02 2.09E+01 7.85E-02 2.09E+01 9.79E-02
9 3.19E+01 3.48E+00 2.56E+01 3.95E+00 2.48E+01 4.89E+00 2.40E+01 4.04E+00
10 8.92E-01 8.42E-02 4.20E-02 2.76E-02 4.73E-02 3.44E-02 4.10E-02 2.69E-02
11 4.22E+02 9.26E+01 1.07E+02 3.23E+01 1.05E+02 3.43E+01 9.90E+01 2.36E+01
12 6.33E+02 1.38E+02 1.56E+02 5.57E+01 1.52E+02 4.43E+01 1.40E+02 4.06E+01
13 4.51E+02 7.45E+01 2.44E+02 5.35E+01 2.36E+02 6.06E+01 2.50E+02 5.93E+01
14 4.16E+03 6.16E+02 2.95E+03 5.51E+02 2.97E+03 5.70E+02 2.70E+03 4.95E+02
15 4.13E+03 5.61E+02 3.71E+03 7.57E+02 3.81E+03 5.03E+02 3.37E+03 5.01E+02
16 5.92E-01 2.30E-01 4.77E-01 3.34E-01 4.97E-01 2.56E-01 4.56E-01 3.15E-01
17 3.10E+02 6.52E+01 1.48E+02 3.74E+01 1.45E+02 2.55E+01 1.10E+02 5.17E+01
18 1.75E+02 3.81E+01 1.89E+02 6.04E+01 1.75E+02 4.92E+01 1.80E+02 4.04E+01
19 1.23E+01 3.68E+00 6.87E+00 1.93E+00 6.92E+00 2.37E+00 6.51E+00 2.08E+00

20 1.46E+01 1.73E-01 1.30E+01 1.01E+00 1.30E+01 9.72E-01 1.32E+01 1.01E+00

3.49E+01 2.74E+01 1.45E+01 6.84E+00 1.57E+01
7.58E+01 2.98E+01 5.05E+01 9.69E+00 3.21E+01
2.09E+01 9.11E-02 2.09E+01 6.14E-02 2.09E+01
1.83E+01 4.61E+00 1.45E+01 2.07E+00 1.27E+01
6.08E-02 3.36E-02 4.52E-02 2.47E-02 5.17E-02
7.50E+01 2.59E+01 6.39E+01 1.04E+01 2.49E+01
9.41E+01 3.28E+01 6.82E+01 1.45E+01 4.38E+01
1.61E+02 4.74E+01 1.36E+02 2.30E+01 8.85E+01
3.49E+03 8.30E+02 2.38E+03 3.13E+02 2.15E+03
3.67E+03 6.35E+02 2.58E+03 3.83E+02 2.48E+03
1.00E-01 7.13E-02 5.74E-02 2.13E-02 4.79E-02
8.49E+01 2.10E+01 6.20E+01 9.45E+00 3.09E+01
8.60E+01 2.33E+01 6.12E+01 9.56E+00 5.05E+01
5.08E+00 1.88E+00 3.05E+00 6.43E-01 2.78E+00
1.31E+01 1.09E+00 1.33E+01 1.02E+00 1.24E+01

4.19E+00
1.02E+01
6.74E-02
1.96E+00
3.16E-02
7.64E+00
7.77E+00
1.74E+01
3.73E+02
2.91E+02
1.84E-02
1.01E+01
1.07E+01
4.94E-01

1.07E+00

AR 6.73 4.93 4.73 4.06

3.93 2.20 1.40

21 3.24E+02 9.67E+01 2.92E+02 8.39E+01 3.16E+02 9.33E+01 2.06E+02 6.14E+01
22 5.75E+03 1.08E+03 3.41E+03 5.82E+02 3.45E+03 7.44E+02 3.32E+03 6.31E+02
23 5.74E+03 7.59E+02 4.55E+03 8.63E+02 4.70E+03 8.98E+02 4.47E+03 7.90E+02
24 3.37E+02 7.33E+01 2.72E+02 1.29E+01 2.70E+02 1.31E+01 2.68E+02 2.19E+01
25 3.56E+02 2.80E+01 2.97E+02 1.07E+01 2.99E+02 1.24E+01 2.94E+02 1.28E+01
26 3.21E+02 9.04E+01 2.62E+02 8.11E+01 2.73E+02 8.51E+01 2.13E+02 4.16E+01
27 1.28E+03 1.10E+02 9.92E+02 1.22E+02 9.72E+02 1.33E+02 8.71E+02 2.10E+02

28 4.34E+03 2.08E+03 3.40E+02 2.43E+02 4.37E+02 4.67E+02 2.84E+02 5.41E+01

2.59E+02 8.58E+01 2.00E+02 2.80E-03 2.00E+02
4.27E+03 8.90E+02 3.12E+03 3.79E+02 2.45E+03
4.32E+03 7.69E+02 3.11E+03 5.16E+02 2.70E+03
2.56E+02 1.75E+01 2.37E+02 1.20E+01 2.20E+02
2.89E+02 1.34E+01 2.71E+02 1.97E+01 2.59E+02
2.05E+02 2.71E+01 2.00E+02 1.76E-02 2.00E+02
8.15E+02 1.22E+02 6.84E+02 9.77E+01 6.74E+02
3.60E+02 2.60E+02 2.65E+02 7.58E+01 3.00E+02

1.40E+01
4.16E+02
3.98E+02
1.09E+01
5.51E+00
1.69E-02
7.65E+01

0.00E+00

S5 6.88 5.00 5.75 3.50

3.75 1.63 1.25
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F 5 HREE S Bl O IME SR (E . ARMEZE AR 2ZE HEA (AR) EL A
Tab. 5 Mean errors, standard deviation and average ranks of evolutionary algorithms

BY-HDE IPPSO DPCABC ELoTFWA
k. Mean Std Mean Std Mean Std Mean Std
1 1.08E-03 1.51E-03 4.32E-04 1.06E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2 1.28E+06  6.21E+05 1.35E+04 6.09E+03 1.65E+07 4.62E+06 1.27E+06 5.67E+05
3 2.04E+07  2.27E+07 3.77E+07 6.03E+07 8.44E+08 6.40E+08 2.52E+06 1.47E+07
4 2.51E+03  1.34E+03 2.62E-02 1.25E-02 1.05E+05 1.39E+04 1.24E+03 6.70E+02
5 1.20E-03 1.19E-03 1.28E-02 1.67E-03 5.35E-14 5.73E-14 5.05E-03 1.03E-03
AR HLA% 2.80 2.40 2.30 1.80
6 1.79E+01  3.21E+00 1.33E+00 5.37E+00 2.01E+01 6.66E+00 1.57E+01 4.19E+00
7 2.18E+01  1.08E+01 1.51E+02 5.18E+01 1.14E+02 1.80E+01 3.21E+01 1.02E+01
8 2.10E+01 4.21E-02 2.10E+01 6.11E-02 2.09E+01 6.50E-02 2.09E+01 6.74E-02
9 2.39E+01 4.49E+00 3.37E+01 3.46E+00 3.09E+01 1.97E+00 1.27E+01 1.96E+00
10 5.15E-01 3.15E-01 6.63E-02 5.05E-02 2.02E+00 4.22E-01 5.17E-02 3.16E-02
11 6.95E-01 7.34E-01 2.52E+02 5.99E+01 0.00E+00 0.00E+00 2.49E+01 7.64E+00
12 6.34E+01 1.11E+01 2.58E+02 5.86E+01 1.38E+02 2.78E+01 4.38E+01 7.77E+00
13 1.09E+02 1.88E+01 3.77E+02 6.18E+01 2.09E+02 2.37E+01 8.85E+01 1.74E+01
14 2.03E+01  2.21E+01 4.06E+03 6.54E+02 9.67E-01 1.29E+00 2.15E+03 3.73E+02
15 5.37E+03 6.02E+02 4.12E+03 7.08E+02 4.13E+03 3.60E+02 2.48E+03 2.91E+02
16 2.27E+00 3.03E-01 1.00E+00 3.71E-01 1.42E+00 2.45E-01 4.79E-02 1.84E-02
17 3.11E+01 4.63E-01 2.64E+02 5.61E+01 3.05E+01 3.15E-02 3.09E+01 1.01E+01
18 1.71E+02  1.46E+01 2.80E+02 6.31E+01 2.11E+02 2.34E+01 5.05E+01 1.07E+01
19 2.00E+00  2.58E+01 1.02E+02 7.15E+01 2.03E-01 8.27E-02 2.78E+00 4.94E-01
20 1.48E+01 7.20E-01 1.43E+01 7.70E-01 1.28E+01 5.83E-01 1.24E+01 1.07E+00
AR ZH 2.53 3.33 247 1.60
21 3.15E+02 1.01E+02 2.80E+02 5.12E+01 2.28E+02 3.26E+01 2.00E+02 1.40E+01
22 1.31E+02  4.23E+01 5.21E+03 8.17E+02 3.12E+01 2.70E+01 2.45E+03 4.16E+02
23 5.12E+03  6.23E+02 4.92E+03 6.74E+02 5.12E+03 4.89E+02 2.70E+03 3.98E+02
24 2.35E+02  1.41E+01 3.08E+02 2.28E+01 2.82E+02 6.32E+00 2.20E+02 1.09E+01
25 2.71E+02 1.13E+01 3.33E+02 1.37E+01 3.01E+02 6.25E+00 2.59E+02 5.51E+00
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