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i=1

minf; () =1+ (z; +2, +1D* (19— 14(x; +x,) +
3t +a3) +6x22)) X
(30-+(2x) —3x,)* (18— 322, +1225 +

A8y + 3617, +2725))
6
minfs (x) =427 —2. 1x} Jr% ‘a2, —4dal +dxy,

min f, (x) =a} + 25 +25(sin’ x; +sin’x,) ,
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minfs () = — ZOexp[

exp( 2[

minf; (z) = H 2;’ X cos[ G+ D+,

i=1 j=1

minfs(2) = || D)j X cos[G— D, +j],
i=1 j=1
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2k 5 R4 Gefd BN 1% 2R /M
£ Becker and Lago 2 4 [—10,10] 0
I Goldstein-Price 2 4 [—2,2] 3
£ Six hump camel back 2 6 [—5.5] —1.0316
£ Eggcrate 2 14 [—2n,27] 0
fs Rastrigin 2 50 [—1.1] —2
fs Ackley’s Function 2 >50 [—32,32] 0
I Shubert 2 =50 [—10,10] —186. 7309
fs Hansen 2 =>50 [—10,10] —176.5417
fo Schaffers F6 2 >50 [—10,10] 0
1o Generalized Rastrigin’s Function 2 >50 [—5.12,5.12] 0
fn Generalized Griewank’s Function 2 =>50 [—600,600] 0
f12 Generalized Schwefel’s Problem 2. 26 2 =>50 [—500,500]] —418. 9829 Xd
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. F PGSGSO # ¥ HGSO & GSO-Powell
SVEIRE 12 A BRI R A HEAT 20 RS, A
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T W RE T A PEH v, B P A 0 A R L PR A
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R 3 PGSGSO SHME kMeexttt

3 pR 2 ik T AL A LR T FER /s LT ESY
PGSGSO 6.29273X 10" 7.3482X10 ™ 12. 39 100
fi HGSO 3.96593X10°° 3.5829X10°" 32.54 100
GSO-Powell 6. 8357610 1.8909X 10 " 54.23 100
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PGSGSO 3.000000258 3.4895X10 * 13.52 100
S HGSO 3.000005868 2.8627 X107 33.12 100
GSO-Powell 3.000007843 5.1906 X 10 * 53.42 100
PGSGSO —1.031628535 6.7426X10 % 13.11 100
fs HGSO —1.031628534 6.3556X 107 36. 54 99. 69
GSO-Powell —1.031628531 7.2425X10° 1 58. 34 100
PGSGSO 7.09023X10°° 8.3885X10 1 16. 28 100
fi HGSO 3.93758X10°° 5.2853X10 " 38.35 99. 72
GSO-Powell 8.47588X10°° 3.8938x10°° 63.28 99. 16
PGSGSO —1.999999039 1.4993x10 ™ 22.19 100
fs HGSO —1.999998347 8.5831X10°° 56. 34 98. 88
GSO-Powell —1.999994896 2.4362X10 2 63.52 98. 92
PGSGSO 3.25346X10°° 7.4493 X101 38.57 100
fs HGSO 3.28755X10°° 4.6673X10° 55.21 92.21
GSO-Powell 4.35665X107° 9.5683X10° 77.35 98.79
PGSGSO —186. 7309342 7.8482X 1012 37.23 99. 69
fr HGSO —186. 7308847 2.9275X10°° 58. 14 98. 48
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fo HGSO 9.47835X 107" 9.3433X10°° 53.32 89.78
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PGSGSO 5.92375X10 ° 6.4352X10 "2 39.23 99.55
1o HGSO 8.28658X10°° 2.9057X10° 47.35 81.63
GSO-Powell 7.68675X107" 5.3672X10"° 78.43 79. 64
PGSGSO 8.22819X10°° 5.3332X10°¢ 42.52 97.28
i HGSO 3.34376X10" 3.0289X10° 54. 46 78.23
GSO-Powell 7.05574X10° 7.7735X10°° 72.23 86. 28
PGSGSO —837.9658827 6.4425X10°* 37.39 98.52
i HGSO —837.9638146 3.2975X10°? 56. 27 72.45
GSO-Powell —837.3975732 3.9728X10° 76.59 88. 86
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A Parallel Search Good-Point Set Glowworm Swarm Optimization of

Re-created Population after Clustering of Multi-Modal Functions
FANG Xian' ,TIE Zhixin' ,LI Jingming® .GAO Xiong'
(1. School of Information Science and Technology , Zhejiang Sci-Tech University, Hangzhou 310018, China;
2. School of Management, Hefei University of Technology, Hefei 230009, China)

Abstract: In the event that the glowworm swarm optimization algorithm is used to solve multi-modal
function, a larger population size is usually needed to obtain an ideal result as the number of peak values
increases. In addition, the uniform distribution of the initial population also has a great influence on the
results. In view of this, a parallel search good-point set glowworm swarm optimization based on re-created
population after clustering of multi-modal functions (PGSGSO) is proposed in this paper. Firstly, the
glowworms are evenly distributed in the search space based on the good-point set theory, and the function
peaks are captured with density-based clustering algorithm after rough search is finished, to recreate
parallel spaces with the same number of peak values; a small amount of glowworms are added into the
spaces for fine search to obtain the locally optimal solution of the parallel spaces and the globally optimal
solution of the whole space. The comparison with the test results of other algorithms in 12 typical multi-
modal functions show that the proposed algorithm is superior in respect of population size, convergence
speed, searching precision, time cost and stability.

Key words: glowworm swarm optimization; multi-modal function; good-point set; density clustering
algorithm; parallel search
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