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Abstract  Differential evolution (DE) is a simple and efficient population-based stochastic real-
parameter optimization algorithm, which has been applied to a wide range of complex optimization
problems. However, the standard DE has some drawbacks., such as premature convergence, low
convergence precision and slow convergence rate in the later stage of evolution. To deal with these
drawbacks, a novel hybrid differential evolution algorithm (DEGSA-SL) is proposed by combining the
advantage of gravitational search algorithm (GSA). In the proposed algorithm, a new operator called
threshold statistical learning is designed. By introducing the operator, the better strategy of DE and
GSA can be selected adaptively, by learning from the previous success ratio of the two strategies, to
produce next generation at each iteration in the evolution process. It takes full use of the potential of
DE and GSA, ensures the balance between global exploration and local exploitation abilities in the
solution spaces, and improves the global search capabilities of the standard DE algorithm. Several
complex benchmark functions are employed to test the performance of the DEGSA-SL. The results
show that the proposed algorithm not only achieves better convergence precision, robustness and

convergence rate, but also avoids the premature convergence problem effectively.

Key words differential evolution (DE); gravitational search algorithm (GSA); threshold statistical

learning; hybrid algorithm; numerical optimization
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Table 1 Test Functions
F1 MK RE
Test Functions Initialization Range Dimension Global Optimum X Acceptance Global Optimum
11 —100<<X;<<100 30 (0] 0.00001 0
f2 —100<<X;<C100 30 o 0.00001 0
3 —100<<X,;<<100 30 (1,1,+,1) 20 0
fa —100<<X;<C100 30 (0] 5000 0
s 0= X; <600 30 (0] 0.00001 0
1 0=<<X;=<<600 30 o 0.1 0
S —5CX, <5 30 o 60 0
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B fE R £, B RIEE 1() AT, DE Bk 5
GSA Bkt fb i # b i e Ak R e #23 . 53
DEGSA-SL 3k v 2 F 3 s 1) 18 5 Hh LB AL B 42
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Table 2 Comparison of DEGSA-SL and the Others (Convergence Precision)
& 2 DEGSA-SL HiE 5 H A 3 E RSB ELR

Test DE/rand/1 GSA DE-GSA DEGSA-SL
Funetion Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev

fi 0 0 3.04E—17  7.58E—18 0 0 0 0

f2 5.87E4+03  1.67E+03  2.15E—16  8.83E—17  1.31E—06  3.24E—07  1.67E—16 7.40E—17

13 3.67E4+01  2.30E401  3.04E+01  2.41E+01  2.44E+01  2.23E4+01  L41E+01  1.49E+00

fi 1.19E+04  3.39E+03  3.55E403  1.82E403  8.17E+01  2.72E402  1.81E+03  2.44E+03

fs 0 0 1.20E+03  7.56E+01 9. 14E+01 1. 62E+02 0 0

fs 1.52E—02  2.24E—02  4.04E403  2.62E402  5.09E+02  4.81E4+02  9.80E—03  8.26E—03

fr 3.37E4+01  3.21E+00  2.67E+01 2. 33E+01 0 0 4.60E+01  5.43E+00

fs 1.87E+02  9.70E+00  3.61E4+01  3.78E+01  4.92E+01 1L65E-+01  2.07E+01  2.89E+01

Note: Boldface represent the best result in the test functions.

Table 3 Comparison of DEGSA-SL and the Others (Convergence Rate)
&3 DEGSA-SL Hix 5 HA 3 MEFWSEELLR

Test DE/rand/1 GSA DE-GSA DEGSA-SL
Function NFEs SR/ % NFEs SR/ % NFEs SR/ % NFEs SR/ %
fi 31511 100 132202 100 45403 100 27972 100
1 — 0 142076 100 269687 100 140709 100
1 8 8 70 109296 100
fi — 0 — 78 24696 100 — 92
fs 35279 100 — 0 — 52 32950 100
S 139447 100 0 0 54766 100
S 112067 100 — 98 34434 100 190166 100
fs — 0 — 84 — 42 — 88

Note: Boldface represent the best result in the test functions.
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Fig. 1 Median convergence characteristics of DEGSA-SL and the others on 8 test functions.
Bl 1 DEGSA-SL 8k 5 HAlh 3 Bl vk 0y oS0t gt
3.2 EHESHAW ZHEX B ERE R . & 4 53 5 b Rank %

1E DEGSA-SL S ofv, S A7 R0 3Ry > A4
LP 5ERE 6 A EH 3 A PR KL 120 [
5 fo UL 3D ZHZSREL f50 /o 5 [ KITH A
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Table 4 Effects of LP on the Performance of DEGSA-SL (6=0.015)
* 4 FIRKRH LP X DEGSA-SL H XM MR N (H & 6=0.015)

LP
Function Evaluation Index
10 20 30 10 50
, Mean 1.35E—16 1.67E—16 1.89E—16 3.40E—16 3.43E—16
fe Rank 1 2 3 4 5
‘ Mean 1.55E+01 1. 41E+01 1. 46E+01 1.53E+01 1.50E-+01
a Rank 5 1 2 4 3
. Mean 3.27E+03 1.81E+03 2. 35E403 2. 40E403 2.61E+03
s Rank 5 1 2 3 4
, Mean 8.54E—03 0 0 0 0
& Rank 5 1 1 1 1
» Mean 5.83E—01 9.80E—03 1.12E—02 1. 19E—02 1.17E—02
a Rank 5 1 2 4 3
, Mean 2. 09E+01 2.07E+01 2. 20E+01 2. 37E+01 2. 74E+01
fs Rank 2 1 3 4 5
fo~fosfs Total Rank 23 7 13 20 21

Note: Boldface represent the best result in the test functions.

Table 5 Effects of § on the Performance of DEGSA-SL (LP =20)
*5 H1E 63t DEGSA-SL &AM aER M (F IR E LP=20)

Function EvaluationIndex °
0 0.005 0.01 0.015 0.02 0.025
, Mean 1.80E—16 1.87E—16 1.92E—16 1.67E—16 1.86E—16 1.70E—16
& Rank 3 5 6 1 1 2
, Mean 1. 96E+01 1.51E+01 1.51E+01 1. 41E+01 1.81E+01 1.50E+01
& Rank 6 3 3 1 5 2
» Mean 1.91E+03 2. 26E+03 2.18E+03 1.81E+03 3.63E+03 3.73E+03
s Rank 2 4 3 1 5 6
, Mean 0 0 0 0 3.45E—04 1. 48E—04
: Rank 1 1 1 1 6 5
‘ Mean 1.31E—01 2. 66E—01 1. 20E—02 9.80E—03 1.13E—02 1.37E—02
s Rank 4 6 3 1 2 5
Mean 2. 16E+01 2. 46E+01 2. 76E+01 2.07E+01 2.39E+01 2. 66E+01
& Rank 2 4 6 1 3 5
Sfo~fo+ [ Total Rank 18 23 22 6 25 25

Note: Boldface represent the best result in the test functions.

DL .2 ) RRBCLP A5 5 ANBUE . B 0 4 6 ANBL B ok B0 1k Wi SIORY B 66 36 1 5 1t L 2 HE 44 B
{H. B, S3E4 30 AR RS EA A, MR /N B PR EIE 0=0. 015.
W SCP I 4 53 5 X B HGIET 43T
W 4 AT B 0 FE R 0015, 4LP= 4 & g
20 W, BRBRHL £, DUSL B ok U SIOR BE 6 A B AR
HEHES S/, BRI B R LP R 20, A3 5 0 LI A DE 57 42 JR 48 % ik 1 SR fE 47 76 8K
H S R LP REE g 20 MBI 0=0. 015 B % EAENS 5 B BUG BR I L T GSA 15 AR5 14
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