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Abstract: Aimed at the problem that Baldwin effect in memetic differential evolution is not ripe for applica-
tion, This paper proposes a Baldwin effect-based memetic differential evolution (BMDE) algorithm. The
algorithm takes the simplified Hooke Jeeves as a local search and DE for globe search with Baldwin effect
to Differ from other memetic DE algorithms. The proposed algorithm uses a new method to carry out Bald-
win effect by enlarging learned probability of individuals with better local search to change the evolution di-
rection and diversify the population. Tested by 30 benchmark functions in CEC2014 and compared with
standard DE and 3 state-of-the-art DE algorithms, BMDE performs satisfied convergence ability.
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Tab.1 Means and Std Deviations of compared algorithms on Benchmark functions of CEC2014

DE/rand/1/bin SaDE DCMA-EA SHADE BMDE
Mean Std Dev Mean Std Dev Mean Std Dev Mean Std Dev Mean Std Dev
/i 1.00E+08 2.10E+07 1.43E405 9.27¢+04 1.12e+06 4.69e+05 9.95e+02 2.10e+03  5.36e+02 3.4le+02
f: 1.97E+05 3.73E+04  0.00E+00 0.00e+00 1.18e—09 5.11e—09 0.00e+00  0.00e+00 0.00e+00 0. 00e+00
f3 2.62E+02 3.76E+01 0.00E400 0.00E+00 4.92E—06 9.56E—06 0.00E+00 0.00E+00 0.00E-+00 0.00E+00
fi 1.39E402 4.99E4+00 5.94E400 1.84E401 5.47E4+01 2.33E+01 0.00E400 0.00E+00 6.82E+01 4.54E+01
f5 2.09E+01 4.66E—02 2.09E401 4.50E—02 2.09E+01 4.72E—02 2.03E+01 3.33E—02 5.36E—01 1.28E—01
fo 3.09E401 1.12E4+00 2.02E—01 4.95E—01 3.52E—01 7.15E—01 6.15E400 4.31E+00 8.21E4+00 5.63E+00
fr 2.68E—01 1.42E—01 2.90E—04 2.07E—03 0.00E+400 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
fs  1.27TE+02 7.13E+00 1.27E401 2.64E400 7.93E+01 5.60E+00 0.00E+00 0.00E+00 8.78E—02 5.92E—02
fo 1.99E+02 1.17E+01 1.03E402 1.75E401 1.31E+02 9.54E+00 2.77E+01 4.04E+00 2.65E+401 2.57E+01
S 4.10E403 2.86E+02 7.20E4+02 1.28E+02 3.19E4+03 3.37E+02 1.57E—01 3.90E—02 6.81E—02 9.68E—02
S 6.56E+03 3.22E+02 5.84E+03 3.18E402 6.00E+03 2.91E+02 1.98E+03 1.96E+03 9.37E+02 4.19E+02
Sz 2.12E400 2.49E—01 1.89E+00 2.18E+02 1.89E+00 2.56E—01 3.17E—01 3.70E—02 1.12E—01 2.31E—01
fi5 5.03E—01 4.69E—02 2.76E—01 3.21E—02 2.45E—01 2.94E—02 2.17E—01 2.85E—02 1.56E—01 3.85E—01
Su 2.85E—01 4.05E—02 2.52E—01 2.64E—02 2.99E—01 3.14E—02 2.12E—01 2.38E—02 9.68E—039 9.41E—03
fis 1.98E+01 1.26E+00 1.09E+01 9.64E—01 1.24E+4012 9.27E—01 3.85E+00 4.05E—01 5.62E+00 4.96E+00
fis 1.25E401 2.25E—01 1.22E4+01 2.10E—01 1.19E4+01 2.43E—01 9.59E+00 4.05E—01 6.74E—02 9.68E—02
fir 3.13E+06 6.82E+05 1.19E+01 4.06E4+02 9.16E+04 3.71E+04 9.59E+00 3.13E—01 6.69E+00 1.74E+00
Sis 7.22E404 2.82E+04 6.86E+01 1.71E+01 3.27E+02 6.13E+01 6.75E+02 2.73E+02 6.34E+01 3.84E-+01
fio 1.13E401 4.66E—01 4.89E+01 5.32E—01 6.25E+00 7.74E—01 3.99E+00 6.06E—01 4.36E—02 8.14E—02
f 1.05E+03 2.92E+02 2.26E+01 9.61E4+00 9.07E+01 1.17E+01 5.42E+00 2.16E+00 1.65E+00 3.36E+00
fa 3.00E+05 1.07E+05 3.41E+02 1.19E4+02 5.51E+03 1.36E+03 1.76E+02 8.97E+01 2.87E—01 7.49E—02
S 2.64E402 8.14E+01 1.35E402 5.29E+01 2.24E+02 4.59E+01 9.53E+01 4.85E+01 1.98E+01 6.65E+01
fes 3.15E4-02 3.25E—03 3.15E4+02 4.02E—13 3.15E4+02 4.02E—13 3.15E+02 4.02E—13 3.15E+02 8.48E+02
fu 2.21E402 2.38E+00 2.24E+02 8.19E—01 2.24E+02 7.10E—01 2.23E+02 8.11E—01 6.68E—04 5.11E—04
S 2.25E402 2.66E+00 2.03E+02 2.93E+00 2.06E+02 3.49E+00 2.04E+02 7.38E—01 2.01E+02 2.81E+00
S 1.00E402 5.18E—02 1.00E+02 3.07E—02 1.00E4+02 2.11E—01 1.00E+02 3.20E—02 1.01E+02 5.73E—02
fer 5.43E+02 5.74E+01 3.44E+02 4.99E401 3.00E+02 4.74E—04 3.08E+02 2.73E+01 3.35E+00 3.99E+00
fs 1.00E4-03 2.20E+01 8.42E4+02 3.44E+01 8.38E+02 4.02E+01 7.90E+02 2.76E+01 2.02E+01 4.96E+01
S 1.53E4-04 3.58E+03 7.76E4+02 6.72E+01 3.87E+03 9.54E+02 7.20E4+02 8.59E+00 9.24E+02 2.65E+03
fw 7.70E403 1.13E+03 8.27E+02 2.79E4+02 1.80E+03 2.56E+02 1.15E+03 3.51E+02 5.15E4+01 8.91E+01

28/2/0 22/5/3 25/4/1 18/7/5




S, 4 ST Baldwin R0 1Y memetic 25500 3% 109

1.5
LRIIRVE:
(g)f

IA-EA
SHAD
BMDE

K3 SHWERBIELE i foSfiosSiiSfiosfoofosfos for L RIEUE DL
Fig. 3 Convergence of compared algorithms on f1 .\ fo f10+ 11~ 10~ 20~ f25 + f26 « f27

3 4hiE

ASCER Y Hi memetic 2257 7F AL Bald-
win RN ST AR AR A D LA R AN AR Y B
AR AT Baldwin R0 9 77k 4 — AL
F Baldwin 800 i 22 s AL SL . Ak T HE
memetic 253 AR AU A I BE $8 S R4k 1 T
e I KRR R T 4 i A A 2 2] R
MO HEAE TS 0], 7E memetic 2553 AL TR SEEE T
Baldwin 80 . H3k 7853 &% T Baldwin 00 &
PR A /NS SRR 22 IR A, FE DU R B
T B TR .

22 3k (References) :

[1] STORN R, PRICE K. Differential evolution; a sim-

[2]

[3]

[4]

ple and efficient adaptive scheme for global optimiza-
tion over continuous spaces, TR-95-012 [R]. Berke-
ley: International Computer Science Institute, 1995.

TS, T, sk, 5 20 iR L IR sT o
J& [J]. RBUKEFR FI2ERD . 2014, 60(4): 283-
292.

WANG S W, DING L X, ZHAGN W S, et al. Sur-
vey of Differential evolution [J]. Journal of Wuhan
University: Natural Science Edition, 2014, 60(4):
283-292. (in Chinese)

ZHANG J, Sanderson A C. JADE: adaptive differ-
ential evolution with optional external archive []].
IEEE Transactions on Evolutionary Computation,
2009, 13(5): 945-958.

B, BRI, WEE, R T RO
MY HIE N 22 AR [T, = 53R, 2016, 31
(5): 790-796.



110

2T RRR AR CAARA RO

2017 4F

[6]

7]

(8]

[9]

[10]

[11]

[12]

ZHAOZ W, YANG J M, HU Z Y, et al. Self-A-
daptive differential evolution algorithm based on ex-
Control and Decision,
2016, 31(5): 790-796. (in Chinese)

TANG L. Differential Evolution With an Individual-
Dependent Mechanism [J].
Evolutionary Computation, 2015, 19(4), 560-574.
RAHNAMAYAN S, TIZHOOSH H, SALAMA M.
1IEEE
Transactions on Evolutionary Computation, 2008, 12
(1. 64-79.

QU B. LIANG J, XIAOJ, et al. Memetic Differenti-
al Evolution Based on Fitness Euclidean-Distance Ra-
tio [C]// Proceedings of the 2014 IEEE Congress on
IEEE, 2014.

ponential smoothing []].

IEEE Transactions on

Opposition-Based Differential Evolution []].

Evolution Computation.
2266-2273.
ZHANG C, CHEN J, XIN B. Distributed Memetic

Differential Evolution with the Synergy of Lamarckian

Piscataway

and Baldwinian Learning [J]. Applied Soft Compu-
ting, 2013, 13: 2947-2959.

KRASNOGOR N, SMITH J. A tutorial for Compe-
tent Memetic Algorithms: Model, Taxonomy, and
Design Issues [J]. IEEE Transactions on Evolution-
ary Computation, 2006, 10(5); 474-488.

e, EOHVE, ZU, 4F BRI RS
LR G R [J]. RETERSEFH AR, 2009,
31(8): 1985-1989.

LUAN Z B, HUANG Q T, JIANG H Z. et al
Mixed Application of Two Learning Mechanisms in
Genetic Algorithm [J]. Systems Engineering and E-
lectronics, 2009, 31(8): 1985-1989. (in Chinese)
KFR, Bk RAEIE R memetic 22
et [ FHEHL AT, 2013, 34(5): 1267-
1270, 1317.

ZHANG C M, GUO H G. Distributed Memetic Dif-
ferential Evolution Algorithm Combined with Pattern
Search [J]. Journal o Computer Applications, 2013,
34(5); 1267-1270, 1317. (in Chinese)

SREAB, X EESE, TE. BT Baldwin RN A9 B 35
AVEER L Tk L B V] RETEY:

[13]

[14]

[16]

[17]

[18]

#, 2010, 22(10); 2329-2332.

ZHANG M M, ZHAO S G, WANG X. Sexual Re-
production Adaptive Genetic Algorithm Based on
Baldwin Effect and Simulation Study [J]. Journal of
System Simulation, 2010, 22 (10): 2329-2332. (in
Chinese)

TRAESS, TRARH. FREEALRC AT AR Y S 2 BOS R AU
b (1], HBEHLNHT, 2013, 33(3), 814-815, 900.
ZHANG H W, DING S Y. Multi-Model Function
Optimization Based on Immune Clonal Optimization
with Self-Adaptive Population size [J]. Journal of
Computer Applications, 2013, 33(3): 814-815, 900.
BALDWIN J M. A New Factor in Evolution [J].
The American Naturalist, 1896, 30, 441-451.

QIN A, HUANG V, SUGANTHAN P. Differential
Evolution Algorithm with Strategy Adapation for
Global Numerical Optimization [J]. IEEE Transac-
tions on Evolutionary Computation, 2009, 13(2).
398-417.

GHOSH S, DAS S, ROY S, et al. A Differential
Covariance Matrix Adaptation Evolutionary Algo-
rithm for Real Parameter Optuimization [J], Infor-
mation Sciences, 2012(182), 199-219.

TANABE R, FULUNAGA A. Success-History
Based Parameter Adaptive for Differential Evolution
[ C]//Proceedings of the 2013 IEEE Congress on E-
volution Computation. Piscataway: IEEE, 2013, 71-
78.

LIANG J, QU B, SUGANTHAN P. Problem Defi-
nitions and Evaluation Criteria for the CEC 2014 Spe-
cial session and Completion on Single Objective Real-
Parameter Numerical Optimization [R]. Technical
Report 201311, Computational Intelligence Laborato-
ry, Zhengzhou University, Zhengzhou China And
Technical Report, Nanyang Technological Universi-
ty, Singapore, 2013. http: // www. ntu. edu. sg/
home/ epnsugan/

(G #: ARH0



	17年(18卷)(5期文) 105.pdf
	17年(18卷)(5期文) 106.pdf
	17年(18卷)(5期文) 107.pdf
	17年(18卷)(5期文) 108.pdf
	17年(18卷)(5期文) 109.pdf
	17年(18卷)(5期文) 110.pdf

