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Adaptive differential evolution algorithm based on

Nth-order nearest-neighbor analysis

HONG Zhen, ZHANG Gui-jun, YU Li
(College of Information Engineering, Zhejiang University of Technology, Hangzhou Zhejiang 310023, China)

Abstract: To improve the reliability of differential evolution(DE) algorithm in dealing with multimodal optimiza-
tion problem, we propose an adaptive differential evolution(ADE) algorithm based on the Nth-order nearest-neighbor
analysis(/N-NNADE). Global distribution information of species is obtained by analyzing the /Nth-order nearest-neighbor
in population, and the number of species is adaptively determined by the step-jumping information in lacking prior knowl-
edge, Furthermore, the K -means algorithm is used for partitioning the population. To realize the co-evolution among
species, we introduce the crossover mutation among different species and replace the worst members of current species if
parents and children are belonging to the same species. The reliability of the algorithm is continuously improved by acquir-
ing more global optimal solutions and high-quality local suboptimal solutions. The results of 20 benchmark optimization
problems show that N-NNADE algorithm is more suitable than DE, DERL(differential evolution algorithm with random

localizations) and ADE for solving complex high-dimensional multimodal optimization problems
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Table 2 Results of two dimension problems
DE DERL ADE N-NNADE
P-

" fe sr muv nep fe sr mu nep fe sr mu nep fe sr muv nep
ACK-2 1405 1.00 047E—4 1.0 1577 1.00 0.1253E—2 1.0 1063 1.00 0.152E—-2 1.0 1299 1.00 6.504 1.23
AP-2 789 1.00 0.1829E—2 1.0 748 1.00 0.1984E—2 1.0 707 1.00 0.1919E-2 1.0 791 1.00 1.009 2.0
BL-2 1183 1.00 0.0000 1.0 935 1.00 0.547E-3 1.0 851 1.00 0.217E-3 1.0 1197 1.00 87.192 4.0
BP-2 2561 1.00 0.2212E—-2 1.0 1096 1.00 0.351E—-2 1.0 892 1.00 0.416E—2 1.0 2378 1.00 101.958 3.0
CB6-2 1592 1.00 0.5241E—2 1.0 937 1.00 0.4158E—2 1.0 795 1.00 0.373E—2 1.0 1448 1.00 33.026 3.0
EP-2 1227 097 0.1001E-2 1.0 901 1.00 0.981E-3 1.0 803 1.00 0.887E—3 1.0 1313 1.00 65.102 2.37
SBT-2 3023 0.12 0.4574E—-2 1.0 2582 0.98 0.768E—2 1.0 2499 0.99 0.616E—2 1.0 2731 1.00 91.125 11.59
AVE 1683 0.87 0.2129E—2 1.0 1254 0.99 0.2873E—2 1.0 1087 0.99 0.2656E—2 1.0 1594 1.00 55.131 3.88

*BIE: nep h VHSIRAF OB AR A B30, B35 4 R S DU Jm) B s DL A, BIBE A B B D 0 1L (R R TR,
A3 BEe AP TSR
Table 3 Results of high dimension problems
DE DERL ADE N-NNADE

Pen fe sr muv nep fe sr muv nep fe sr muv nep fe sr mu nep

ACK-10 30652 1.00 0.146E—3 1.0 31080 1.00 0.212E—3 1.0 24198 1.00 0.173E-3 1.0 23729 1.00 12.234 6.12
EM-5 21633 095 O0.511E—4 1.0 17820 0.90 0.429E—4 1.0 14560 1.00 0.491E—4 1.0 15958 1.00 59910 4.18
EXP-10 14433 1.00 0.2E—4 1.0 14216 1.00 0.3174E—4 1.0 10659 1.00 0.2511E—4 1.0 10156 1.00 21.575 8.23
GW-10 80283 1.00 0.8003E—3 1.0 93260 1.00 0.6151E—3 1.0 69773 0.94 0.5495E—3 1.0 71503 1.00 1560.833 19.78
H6-6 11269 0.78 0.138E—3 1.0 9068 091 O0.852ZE—4 1.0 5724 093 0918E—4 1.0 6510 1.00 82.193 4.88
LM1-3 1876 1.00 0.1905E—4 1.0 1451 1.00 0.2738E—4 1.0 1319 1.00 0.3017E—4 1.0 1399 1.00 29.129 3.98
LM1-30 188700 0.72 0.5076E—2 1.0 161485 0.74 0.9042E—2 1.0 149460 0.79 0.812E—2 1.0 131947 0.89 5031.600 33.87
LM2-10 17416 0.67 0.5457E—2 1.0 16703 1.00 0.4689E—2 1.0 14796 1.00 0.3523E—2 1.0 14914 1.00 2215.875 13.19
ML-10 100 0.00  0.2971 1.0 100 0.00 0.119 1.0 100 0.00 0.913 1.0 59028 0.38 8902.507 11.51
OSP-10 61430 0.83 0.1793E—3 1.0 55618 0.89 0.1086E—3 1.0 51058 0.94 0.1181E—3 1.0 49005 0.98 5194.659 9.76
RG-30 1689310 0.00 0.1489 1.0 1620451 0.19 0.6723E—2 1.0 1568920 0.32 0.7167E—2 1.0 1471935 0.65 11498.522 47.13
SAL-10 97643 0.69 0.9786E—3 1.0 93559 0.57 0.8755E—3 1.0 75319 0.88 0.658E—3 1.0 71359 0.97 3877.798 5.61
SWF-100x  — — — — — — — — — — — — 1.179E9 0.21 28331.441 88.53
SIN-20 169095 0.01 0.634E—2 1.0 159902 0.09 0.509E—2 1.0 150728 0.22 0471E—2 1.0 133570 0.60 18971.593 37.62
ST-9 799830 0.59 0.1664E—2 1.0 716380 0.71 0.2391E—2 1.0 681190 0.86 0.2516E—2 1.0 655311 0.93 5333.152 17.93
AVE 227405 0.66 0.3335E—1 1.0 213650 0.71 0.1064E—1 1.0 201272 0.78 0.672E—1 1.0 194023 0.89 4485.113 15.985
*PpE: SWE-10010 #L K TH 545 SRR ST BIAVEH ; ML-10(171 5 50 28 A AVE R 41
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5 %58 (Conclusion)

1 GEDER A 2 B AL in) 70 BRI &) [ N L 3
UG, XA RS s 4 1) 1 245 0 A 5 Y, an ]
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SCHE S T NI B R A A (1) 1 Y 2 4y A AT
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P33T 2 14 JR B At B8 4 v Jo o 1) JR) i e A
fif, T B e ] SRR B oYt R e R
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