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Partition-based MQHOA for Multimodal Optimization

LU Zhi-Jun' AN Jun-Xiu® WANG Peng'

Abstract
algorithm (MQHOA) is proposed depending on MQHOA'’s global optimization characteristic. It divides reasonably a

To solve the problem of multimodal optimization, a partition-based multi-scale quantum harmonic oscillator

domain into uniform areas, and then Gauss curves with ground state can be constructed according to the lengths of these
uniform areas. With the attenuation of standard deviation, the Gauss curves will converge gradually, thus, extreme points
can be found quickly. In addition, two strategies comprising fixed wavelength resolution and muti-level resolution are used
for practical problems. Experiments are carried out from three aspects including optimization’s accuracy, all extremal
points optimization and global multimodal optimization. Compared with the ant colony algorithm, differential evolution
algorithms and other mainstream swarm intelligence algorithms, the algorithm has, in addition to its simpleness on setting

parameters, superior optimization accuracy, fast convergence and memory property.
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Table 2 Comparison of two strategies for two

dimensional Griewank function

Kg AO K1 CN1 TCl K2 CN2 TCQ

1369 20 75.7 10 0.051 40.3 4 0.036
1369 10 307.8 400 0.183 231.2 10 0.291
1369 5 1049.2 1600 0.726 617.5 31 1.472
1369 2 13334 10000 4.078 670.2 100 1.657
1369 1 1340.5 40000 15.312 783.0 316 9.64

1369 0.5 1353.10 160000 57.272 1924.1 1000 21.04

B Ao Bk NEIVERBIMRESAE 2, Bl A < 5
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Table 3  Comparison of total-extremum-searching of P-MQHOA and ant colony algorithm
NO. P-MQHOA ANT
(z1, 22, f(21,22))
1 (—0.878093608, —0.878093599, 3.53255484) (—0.8781, —0.8781, 3.5326)
2 (—0.878093550, —0.526852857, 3.042136418) —0.8737, —0.5310, 3.0362
3 (—0.878093617, —0.17561706, 2.796928371) (—0.8725, —0.1810, 2.7873)
4 (—0.878093568, 0.175617049, 2.796928371) (—0.8725, —0.5310, 3.0362)
5 (—0.878093628, 0.526852825, 3.042136418) (—0.8700, 0.5175, 3.0176)
6 (—0.878093611, 0.878093569, 3.53255484) (—0.8675, 0.8675, 3.4966)
7 (—0.52685281, —0.878093573, 3.042136418) (—0.5310, —0.8737, 3.0362)
8 (—0.526852791, —0.526852812, 2.551717996) (—0.5268, —0.5268, 2.5517)
9 (—0.526852794, —0.175617069, 2.306509949) (—0.5352, —0.1773, 2.3056)
10 (—0.526852803, 0.17561705, 2.306509949) (—0.5215, 0.1700, 2.2969)
11 (—0.526852866, 0.526852858, 2.551717996) (—0.5200, 0.5200, 2.5367)
12 (—0.526852827, 0.878093628, 3.042136418) (—0.5175, 0.8700, 3.0176)
13 (—0.175617027, —0.878093592, 2.796928371) (—0.1810, —0.8725, 2.7873)
14 (—0.175617075, —0.526852805, 2.306509949) (—0.1773, —0.5252, 2.3056)
15 (—0.175617028, —0.175617046, 2.061301903) (—0.1756, —0.1756, 2.0613)
16 (—0.175617006, 0.175617028, 2.061301903) (—0.1756, 0.1756, 2.0559)
17 (—0.175617067, 0.526852847, 2.306509949) (—=0.1700, 0.5215, 2.2969)
18 (—0.175617056, 0.878093620, 2.796928371) (—0.1675, 0.8700, 2.7759)
19 (0.175617041, —0.878093592, 2.796928371) (0.1675, —0.8700, 2.7759)
20 (0.175617068, —0.526852815, 2.306509949) (0.1700, —0.5215, 2.2969)
21 (0.175617061, —0.175617041, 2.061301903) (0.1715, —0.1715, 2.0559)
22 (0.175617051, 0.175617057, 2.061301903) (0.1756, 0.1756, 2.0613)
23 (0.175617054, 0.526852783, 2.306509949) (0.1773, 0.5252, 2.3056)
24 (0.175617039, 0.878093590, 2.796928371) (0.1810, 0.8725, 2.7873)
25 (0.526852762, —0.878093542, 3.042136418) (0.5175, —0.8700, 3.0176)
26 (0.526852876, —0.526852885, 2.551717996) (0.5200, —0.5200, 2.5367)
27 (0.526852785, —0.175617064, 2.306509949) (0.5215, —0.1700, 2.2969)
28 (0.526852823, 0.175617064, 2.306509949) (0.5252, 0.1773, 2.3056)
29 (0.52685278, 0.52685282, 2.551717996) (0.5268, 0.5268, 2.5517)
30 (0.526852781, 0.878093598, 3.042136418) (0.5310, 0.8737, 3.0362)
31 (0.878093552, —0.878093598, 3.53255484) (0.8675, —0.8675, 3.4966)
32 (0.87809359, —0.526852814, 3.042136418) (0.8700, —0.5175, 3.0176)
33 (0.878093528, —0.175617038, 2.796928371) (0.8700, —0.1675, 2.7759)
34 (0.878093604, 0.175617041, 2.796928371) (0.8725, 0.1810, 2.7873)
35 (0.878093617, 0.526852807, 3.042136418) (0.8737, 0.5310, 3.0362)
36 (0.878093597, 0.878093581, 3.53255484) (0.8781, 0.8781, 3.5326)
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i A AR P A AR AR I AT AR Y ] R 0 A S
0 I 1) 2 SR B e N RT LUK 22 20 93 1 2 S 52
P L 52 60 3 A UK A ol SR s P - 8 PO AR A A0S 5 4
g e, AN FESR T A AR S 00 1, X+
AR LA el R AT BA 2% 18 P 2 03 A SR

4.3 ZERZIEMRK

PR g ST R B e A ML) 55 % 2 BA
RATFEBIN T L WS R S HL IR T B 45 A
SRS H00 B Z N AL RS A R
BN 3 A7 AE 22 A 4 JRARAE, W B2 1 R AR
A R HORSE Ml AR AE A2 JR M fE R, S KRS R 4t
RIPERE, S VA ) — A A A e f e L K o3
Z VAL B SR SO i paX A ) L, i 2 R
7 MQHOA 235 5 A s FOL I SEE, nTRAA

ARATEIIE 14 AR 1E RS, K
Wofe o~ fr A fio I HERREL, fia N YRR,
LR ek H. B P-MQHOA 5 3CHk (6]
o R A R BE SOV B B X . X R BT AE: BE T
BH b 22 53 HEAG I 2 DA 5 (Multimodal op-
timization using a biobjective differential evolu-
tion algorithm, MOBI-DE). #1455 & 2= 4 BEAL 7%
(Crowding DE, CDE). 3 T2 1 2 5 d b ik
(Speciation-based DE, SDE). Kk i 3 & 25

EHIRLFHE 5 (Fitness-Euclidean distance ratio
PSO, FER-PSO). & -9 e e Ji 31 ks 1 1 5
% (Speciation-based PSO, SPSO). 1y /5 Z= Hikf i
N5 7% (Covariance matrix adaptation evolu-
tion strategy, CMA-ES). [iil & /NEE 421 )7 2
R B N 35T (CMA-ES with fixed niche ra-
dius, CMA). XUH#5 2 BEAA G AL 57 (Biobjective
multipopulation genetic algorithm, BMPGA). %
TN AR IR A ARG S S 1) Al ST HE e ) 2 AR B
7% (Niching-based NSGA-IT) FIIRRL$; 47 T FEAL
5% (Particle swarm optimization using a ring
topology, rpso). H ' r2pso AR R R
AR AL r3pso SE B R 25 AT P
PR3 AE H. W3k 4 s, P Sik# 2t 50
OOMSTE S S, GEvt- 43 1) 4 SR, o 45 SR
BIE, RGN FAFEIAT A Wl R B S T 2
Agiit k4. b e BRI SR S RS, No.
RNXE I RN AT 42 RS P-MQHOA Hikx —
Y pR BCR I G 23 P g, — 4Rk BOR ) —40)
HER NS, = YERR R ] =07 R SR

2 5 W N Sk BN o i 5 (DE)
BAESE (GA) MR 7R SE (PSO) HI&-Aek
WEEOE, J& T AR 0B, & T HEAR R fe
(R REALIEAT PO A S, 300 3 A7 A= ) A Ak P 4k [
5 5 5 4 A 10 A R AR ek 4a LA 1%

# 4 Yk Griewank EREIMAE A &5 R

Table 4  Fitting results of extremum values’ distribution of Griewank function
Func.No. ¢ P-MQHOAMOBI-DE CDE SDE S-CMA CMA SPSO PER-PSO r2pso r3pso Niching-based BNPGA
NSGA-II

fi 1 005  1(4) 1(4) 1(4) 1(4) 1(4)  1(4) 0.44(12) 0.82(10) 0.76(11) 0.84(9) 1(4) 1(4)
f2 1 005  1(5) 1(5) 15)  1(5)  1(5)  1(5) 0.40(12) 1(5) 0.88(11)0.96(10)  1(5) 1(5)
fs 2 1E—6 2(25)  2(25)  2(25) 1.96(5) 1.92(7) 1.95(6) 1.38(9) 0.8(10) 0.48(12) 0.6(11)  2(2.5) 1.5(8)
fi 5 1E—6 5(1.5)  5(1.5) 3.84(10) 4.70(6) 0.04(12) 0.6(11) 4.88(3) 4.84(4) 4.68(7) 4.74(5)  4.37(9)  4.64(8)
fs 1 1E—6  1(6) 16)  0.72(12) 1(6)  1(6) 1(6) 1(6)  1(6)  1(6) 1(6) 1(6) 1(6)
fo 5 1E—6 5(1.5)  5(1.5) 3.96(9) 4.6(7) 0(12) 0.64(11) 4.92(4) 4.96(3) 4.88(5) 4.72(6)  4.52(8)  3.56(10)
fr 1 1E-6 1(5.5)  1(5.5) 08(11) 1(5.5) 1(5.5) 1(55) 1(55) 1(5.5) 1(5.5) 1(5.5)  0.6(12) 1(5.5)
fs 4 5E—4 4(1.5)  4(1.5)  0.32(12) 3.72(4.5) 3.72(4.5) 3.43(7) 0.84(11) 3.68(6) 2.92(9) 2.76(10)  3.74(3)  3.34(8)
fo 2 1E-6 2(3) 2(3)  0.04(12) 2(3)  1.6(7) 2(3) 0.08(11) 1.96(6) 1.44(9) 1.56(8) 2(3) 1.24(10)
fio 1 1E—6  1(2) 1(2)  0.52(9) 0.32(10) 0.06(12) 0.18(11) 0.56(8)  1(2)  0.88(6) 0.76(7)  0.94(5)  0.96(4)
fin 185E—2 17.5(1)  17.4(2) 11.39(12) 12.78(9) 12.04(10) 12(11) 14.36(7) 15.61(6) 15.95(5)16.45(4) 16.94(3)  13.72(8)
fiz 6 005 6(15)  6(1.5) 5.56(6.5) 4.88(12) 5.56(6.5) 5.81(3) 5.6(5) 5.28(10) 5.52(8) 5.16(11)  5.36(9)  5.71(4)
fis 36 1E—3 35.6(1) 35.4(2) 33.8(3) 23.8(7) 24.6(6) 23.6(8) 25.72(5) 21.8(12) 22.4(9) 22.2(10) 22.05(11)  31.76(4)
fia 2181E—3 163.56(2) 175.88(1) 152(3) 50.6(8) 0.6(12) 32.5(11)70.12(6) 68.6(7) 40.6(10) 45.4(9)  92.76(5) 121.54(4)
Total ranks 38 39 111 92 109.5 102.5 104.5 92.5 113.5 111.5 85.5 88.5
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Table 5

Time consumption of P-MQHOA algorithm and MOBi-DE algorithm (s)

Func. fi fo fs fa fs fe

fs fo fio fin fi2 fis fia

P-MQHOA  0.01 0.01 0.01 0.01 0.01 0.01
MOBi-DE 1.56 146 282 2.64 1.54  2.04

0.1 0.1 0.1 1.76 0.28 4.32 12.14
18.34 15.28  41.24  46.28 36.49 51.74 72.36
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thermodynamic diagram
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