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A Natural Computing Method Based on Spatial Division Search Strategy

Abstract

Abstract: A natural computing method based on spatial division search strategy is proposed. The strategy
can map the high-dimensional space to the three-dimensional Cartesian coordinate system by grouping
the dimensional space into a group of three dimensions. The individual after spatial segmentation is
numbered into subindividual, to increases the particle number while reducing the dimension, thus the
individual is distributed over wider search space to effectively increases the diversity of the population.
The algorithm iterates to a certain extent and can synthesize the individual into the original individual
through the numbered index. By calculating the fitness value, some poor individuals can be deleted to
balance the time efficiency and speed up the running time. At the end of the iteration, the global optimal
position of individual in the group can be found through the numbered index to synthesize the fitness
value of the optimal individual output, which makes the algorithm have a better ability to search for the
optimization. The convergence of the strategy is analyzed by Markov chain. The spatial division search
strategy is applied to PSO, CA and DE, and its performance is verified in the standard test functions.
Experimental results show that the proposed strategy can improve the convergence speed and
optimization ability obviously.
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The algorithm iterates to a certain extent and can synthesize the individual into the original individual
through the numbered index. By calculating the fitness value, some poor individuals can be deleted to
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Tab. 1 Test function

BRI EL R W pR 2L i NG IERENGE|
D
Sphere F, F=>% 30 [-100,100]"
i=1
& 25\2 2
Rosenbrock F, FZZZUOO X (X —X7) +(X)7] 30 [-5,10]"
i=1
Dixon-price F Fy=(x -1’ +ZI(2X —%i1) 30 [-10,10]"
Sum of different D .+1 .
4= 2l 30 [-1,1]
powers F, i=1
F,=-a-exp| -b ii X |- exp[IZCOS(CX- )]a +a+exp(l):
Ackley Fs ’ D= D& ' 30 [-32.768,32.768]"
a=20,b=02,c=2n
D
Rastrigin Fs =" (¢ —10xcos(2mxj) +10) 30 [-5.12,5.12]"
i=1
D X2
. F —_ 1 _ +1 _ n
Griewank F; = ;4000 HCOS(\/T] 30 [-600,600]
D/4 ) D
Powell Fy Fo= Z(Xm S H10x,,,)? +SZ(X4. =X+ 2 (X = 2% )" +IOZ(X4. -x0t 30 [-4,5]"
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D-1 2
Fy =sin’ (@) + Y. (@ —1)°[1+10sin’ (nay +1) ]+
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(wp =1 [1+sin® (2nmp ) @ =1+ (o, —1)/4
D .
Schwefel Fyq Fo=418.9829D -3 x; Sm( X \) 30 [-500,500]"
i=1
D s
Sum squares Fy, Ry = lei 30 [-10,10]"
D
Zakharov F, 2 = LK HO. S b0 053 i) 30 [-5.10]"

i=1 i=1 i=1
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Tab. 2 Parameter settings of compared algorithm
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3.2 SER AR %, B By SRR EA, HARBER
N v A L, UHAE % E IR I
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~5 A 23 q] 4 & 4 N o . v N
35 GPARTAEE R BESRIRNT s )RR, 2Py P Fuos Frit
Iay 3 N NI D 4 v/ /F' N Y
RUFRESHES A SRR, SRR B30y g0 ye ity et (6 S B FaFoo i,
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DE 55T e,
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S MRS Pr UL, R 15 poo syagspop, (0t FSbdbn Sukm AL,
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Fig. 3 SDS+PSO, PSO experimental results diagram
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T PR SR AT 22 o A SRR h A SR ) 4 Ry 48
KEe Sl HERAREF, Fo, Frth, HARHETHI
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I 3~5 W] I A ) 43 4 2R S £ 3
) SDS+PSO, SDS+CS, SDS+DE 5.y 546 3k i 4%
AT PSO, CS, DE 5ik. Hi sl Ransk 3 fion.

F 3 P R B
Tab. 3 Test function data

R NEE PSO CS DE SDS+PSO SDS+CS SDS+DE
Avg 315.96 27.1615 1 086.500 0 321e-74 8.19¢-26 41.708 9
Fi Sd 107.74 14.771 0 980.331 5 1.40e-73 2.05e-25 14.613 1
Best 77.45 11.211 8 73.342 0 2.25¢-87 1.17e-27 223277
Avg 2.34¢+03 0.006 0 6511.5 0 4.12¢-09 147.433 0
F, Sd 2.08¢+04 0.005 0 9803.6 0 1.52¢-08 453943
Best 130.23 0.001 1 405.167 5 0 4.97e-13 83.436 8
Avg 232.67 1.598 3 6 009.4 242.46 269.005 3 83.265 4
F; Sd 148.54 1.090 2 4925 101.59 103.499 7 32.8209
Best 12.41 0.676 7 380.965 6 116.06 62.546 9 30.699 6
Avg 2.49¢-06 1.59¢-12 0 4.97¢-84 3.78¢-42 1.09¢-06
F, Sd 3.53e-06 6.78e-12 0 2.16¢-83 8.97¢-42 1.04e-06
Best 3.48e-08 9.36e-20 0 9.30e-98 1.17e-44 1.11e-07
Avg 7.15 1.505 3 8.0102 1.24e-15 8.86e-12 3.0535
Fs Sd 1.00 0.688 4 2.049 3 1.07e-15 9.37e-12 03716
Best 5.02 0.1615 4.983 4 8.88e-16 1.67e-12 24547
Avg 101.81 77.166 5 357376 0 2.84e-15 21.1132
Fe Sd 22.69 14.043 5 7.641 8 0 1.12¢-14 3.998 8
Best 66.05 46.399 8 22.206 3 0 0 15.747 1
Avg 4.06 0.089 8 5.9212 0.89 0.422 8 2.106 4
F; Sd 1.16 0.058 1 37245 0.45 0.405 8 0.249 2
Best 2.40 0.0110 1.387 5 0 5.14e-06 1.7212
Avg 58.12 0.014 4 50.515 7 5.30e+03 1.48e+04 -
Fq Sd 59.17 0.010 8 53.9573 3.88¢+03 2.80e+03 -
Best 10.15 0.005 3 2.644 5 501.29 6.39¢+03 -
Avg 16.71 57125 2.266 8 10.65 11.290 6 1.834 1
Fo Sd 9.88 2.392 4 2.8326 23.6 6.045 1 0.637 1
Best 3.77 2.700 4 0.143 6 1.50e-32 0.611 1 0.814 7
Avg 5.45¢+03 4029.7 34353 592.19 3.82¢-04 677.927 2
Fio Sd 682.62 230.355 6 596.477 4 592.19 2.82¢-12 496.793 7
Best 4.43e+03 3518.2 2485 3.82¢-04 3.82e-04 144.119 0
Avg 118.20 0.000 6 91.800 4 1.99¢-80 1.11e-26 6.169 2
Fi Sd 238.63 0.004 0 52.8740 4.64¢-80 1.72e-26 1.869 0
Best 34.13 0.000 1 3.5916 2.05e-86 4.19¢-28 33147
Avg 85.58 28.434 5 53.502 8 2.67e-75 2.56e-27 0.772 1
Fi Sd 37.69 6.902 4 44.184 8 1.16e-74 4.79¢-27 0.245 1
Best 34.10 15.664 1 12.897 7 2.23e-88 9.34¢-29 0.270 1

P - ORI O
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Tab. 4 Test function data table
It e £ PSO GDIWPSO RLPSO MSMPSO SDS+PSO
Mean 315.96 1.32¢+03 84.93 2.66 321e-74
F St 107.74 446.35 114.27 1.98 1.40e-73
Best 77.45 378.87 0 0.13 2.25e-87
Mean 7.34e+03 6.88¢+03 9.14e+03 39.59 0
F, St 2.08e+04 1.69¢+04 1.97e+04 23.27 0
Best 130.23 459.68 71.96 28.37 0
Mean 232.67 1.39¢+03 43.39 1.86 242.46
Fs St 148.54 999.37 57.79 1.36 101.59
Best 12.41 68.53 0.67 0.68 116.06
Mean 2.49¢-06 7.26¢-06 8.79e-07 2.90e-12 4.97e-84
Fs4 St 3.53¢-06 8.13¢-06 1.02e-06 5.35¢-12 2.16e-83
Best 3.48¢-08 1.51e-07 3.31e-14 3.05e-25 9.30e-98
Mean 7.15 9.16 2.54 2.40 1.24e-15
Fs St 1.00 1.45 2.26 0.68 1.07e-15
Best 5.02 5.98 8.88¢e-16 0 8.88e-16
Mean 101.81 122.66 59.61 19.98 0
Fs St 22.69 23.33 28.91 9.16 0
Best 66.05 78.84 13.76 10.08 0
Mean 4.06 15.04 1.44 0.80 0.89
F, St 1.16 19.73 0.85 0.29 0.45
Best 2.40 4.67 0 0.14 0
Mean 58.12 214.16 132.70 0.27 5.30e+03
Fg St 59.17 409.10 328.73 0.22 3.88¢+03
Best 10.15 11.63 5.82 6.01e-05 501.29
Mean 16.71 30.58 13.31 0.36 10.65
Foy St 9.88 12.33 9.41 0.30 23.60
Best 3.77 11.55 1.90 0.04 1.50e-32
Mean 5.45¢+03 5.58e+03 5.44¢+03 4.71e+03 592.19
Fio St 682.62 785.89 1.42¢+03 931.92 592.19
Best 4.43e+03 4.50e+03 2.66e+03 3.08e+03 3.82¢-04
Mean 118.20 241.80 120.17 1.18 1.99¢-80
F St 238.63 258.20 211.05 0.66 4.64¢-80
Best 34.13 72.78 1.61 0.27 2.05e-86
Mean 85.58 114.44 142.30 0.50 2.67e-75
Fis St 37.69 41.99 115.71 0.47 1.16e-74
Best 34.10 47.33 41.82 0.04 2.23e-88
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