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Differential Evolution as the Global Optimization Technique and its Computing
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In this paper, Differential Evolution (DE) is examined through two aspects. Thus, one is the meta-heuris-
tics, and the other is the global optimization technique. It is said that DE is the global optimization tech-
nique, and also belongs to the meta-huristics. Indeed, DE can find the global minimum through numerical
experiments. However, there are no proofs and useful examinations with respect to such comments. In
this paper, DE is compared with the Generalized Random Tunneling Algorithm (GRTA) and the Particle
Swarm Optimization (PSO), that are the global optimization techniques. Through the examination, some
common characteristics as the global optimization technique are clarified in this paper. In addition, the
difference of the neighborhood between DE and PSO is clarified. As the result, DE is possible to belong
to the global optimization techniques. Additionally, DE is also examined as the meta-heuristics. Through
benchmark test problems, the search ability of DE as the global optimization technique is examined.
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Fig.1 New point v} in two dimensions
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Fig.2 Crossover in DE
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Fig.3 Generation of the neighborhood by crossover in DE
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Fig.4 Selection of basis vector and diversity of search points
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Table 3 Result of 7 minima function

ARPSO PSO DE
-391.661656 | -391.65783 [-391.66158
Worst objective -391.661597 | -390.98815 |-391.65466
Mean value of objective -391.661648] -391.510196]-391.66019
Standard Deviation of objective] 1.83E-05 2.00E-01] 2.15E-03
Average of function call 6879 13014 9729

Best objective

Table 4 Result of Griewank function

ARPSO PSO DE

3.50E-09] 8.93E-04] 6.82E-07
Worst objective 9.83E-08] 7.30E-02| 4.47E-05

Mean value of objective 2.78E-08] 291E-02] 1.11E-05

Best objective

Standard Deviation of objective] 3.16E-08]  2.52E-02| 1.55E-05

Average of function call 7557 14799 11997

Table 5 Result of Ackley function
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Mean value of objective 1.1947E-03 8.3662E-02]13.9370E-03

Standard Deviation of objective 3.1302E-04 1.2248E-02|1.7340E-03

Average of function call 12249 14919 13527

Table 6 Result of Michalewics function

ARPSO PSO DE
Best objective -4.687658 -4.687521 -4.687658
Worst objective -4.687737 -4.645192 -4.687658
Mean value of objective -4 468769 -4.669190 -4.687658
Standard Deviation of objective] -7.947280E-08| 2.047007E-02] 0.000000E+00
Average of function call 8697 14547 7578

Table 2 Some benchmark problems for unconstrained optimization problem

Number of L
No. Name design Objective Side constraints Ob]e:\:::r\:ien?t ]i]Oba]
variables u
1 |2 minima 10 f(x)=— Z( x! =16x] +5x,) —> min —5<x<5 £(x,)=—391661
i=1
2 |Griewank 10 f(x)= l+m2x —l_[cos(\/_)»mm -10<x<10 f(x;)=0
f(x)=22.71828— 20exp[—0.2 /lef }
nio
3 |Ackley 10 1 30<x<30 f(x6)=0
—exp [7 z cos(2rx, )} — min
na
2 20
4 |Michalewics 5 f(x)= Zsm(x )x{sm( ! )} — min 0<x<rz Fx;) 4687658
i=1
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ZEIZEY, DERED LI ICBHEBEET > TV D%
FTAHZLENEMTHD. KTIZGriewankBi%k, X8I
AckleyBaE D I HIR L & 7R 7.

X7, 8KV, DEMEIERY MV EBER T MANT kv
BEITUHXLNIBRLTCNWD D, EOTHLILY £
TIERBH R ER 21TV, TR T, B FREC
X oT, REMWREMREDICERENEE>TWVD D
ERbo L. EmBEKE bR EEFIL 2 N R
HEORVWE—F—72MKTHY, ZOXHRMETH
RIBHIREIREN RO o =Dk, ERANEEVITT
HOTH, RXDEENREZVWLEDEEDND.

4.2 aAMLNRRXOERB/MMEMHE SCHk(18)
THY EFonTn5d aA L xoEER/IMEREZ
FERD. ZORMBEE, BRERR EE RO & Bt
T 57D RARERREME#EFIET LT LEHY
LILOMBETH L. REEHIIVAYOERd(=x),
AANDNHELE D(=x,), TANVDEHN(E=x,) Th
0, TRTHEEEHTH L. KEXFMEIZIKD XS
WERILENS.

7(x) = (2+x3)x{x, — min (20)
g1(X) =1-x3x;/(71785x}) <0 (21)
2y(x) = 4x3 — XX, 1 _1<0

2 12566(x,x —xf)  5108xE (22)
g3(x) =1-140.45x, /(x3x;) <0 (23)
g4(x)=(xl +x2)/1.5—]§0 (24)
0.05<x <2.00 (25)
0.25<x,<1.30 (26)
2.00<x, <15.0 (27)

Table 7 Comparison of result of minimum weight design of tension/compression spring

Design Variables Best solutions found
Arora"® | Coello"” Ray(zo) Hu?" ARPSO"” DE
x1(d) 0.053396 0.05148] 0.050417]  0.051466] 0.051679] 0.0516868
x,(D) 0.39918] 0.351661| 0.321532 0.351384 0.356477| 0.3566636
x3(N) 9.1854] 11.632201] 13.979915| 11.608659] 11.299395| 11.2878946
g1(x) 0.000019 -0.00208] -0.001926( -0.003336] -0.000037| -8.22116E-10
g2(x) -0.000018 -0.00011| -0.012944 -0.00011] -0.000008| -1.1952E-11
gs(x) -4.123832 -4.026318] -3.89943| -4.026318] -4.054976] -4.0555802
g4(x) -0.698283| -0.731239| -0.752034| -0.731324] -0.727895| -0.7277664
f(x) 0.01273]  0.012705 0.01306] 0.012667] 0.012661 0.0126612
Function Call N/A 900000 1291 N/A] 5804 5696
Averege of f(x) N/A]  0.012769] 0.013436[ 0.012719]  0.012675]  0.0126612
Worst of £(x) N/Al  0.012822 0.01358 N/Al  0.012696] 0.0126612
ls)t:i‘ingi of7(x) N/A| 3.9390E-05 N/A| 6.4660E-05| 1.1740E-05|  2.41E-09
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Table 8 Comparison of optimum topology by some global optimization techniques

Optimum topology PSO .
at global minimum (Best position keeping model) Simple GA
by GRTA ws ¥ 253 ¥
87
10 . 130
o 364 99 35
107,
12
o
525
_______ FC:200,000 ||~ [FC: 1,000,000
Objective  2.37x10 Objective 2.56x 105
SA Distributed GA

2.35%x10°

Objective

Objective

2.60%10°

2.40x10°

Objective
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Table 9 Some parameters used in the algorithms

Initial step size |Minimum step size . Number of
.. . Iteration of Numer of . Number
Method (Initial (Minimum ) search . Mutation |Crossover|
tunneling phase search iteration of'islands

temperature)  |temperature) agents

GRTA 1.00 1.00E-05 20

PSO 100 2,000
Simple GA 100 10,000 0.01 0.6
Distributed GA 100 10,000 0.01 0.6 4
SA 1.00 1.00E-05
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