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Abstract In this paper, an adaptive estimation of student’s z-distribution algorithm (EDA-z) is
proposed to deal with the large-scale global optimization problems. The proposed algorithm can not
only obtain optimal solution with high precision, but also run faster than EDA and their variants. In
order to reduce the number of the parameters in student’s ¢-distribution, we adapt its closed-form in
latent space to replace it, and use the expectation maximization algorithm to estimate its parameters.
To escape from local optimum, a new strategy adaptively tune the degree of freedom in the t-
distribution is also proposed. As we introduce the technology of latent variable, the computational
cost in EDA-z significantly decreases while the quality of solution can be guaranteed. The
experimental results show that the performance of EDA-z is super than or equal to the state-of-the-art

evolutionary algorithms for solving the large scale optimization problems.
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Fig. 1 Comparison between the univariate Gaussian

and Students t-distributions
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Table 1 Benchmark Functions
Fz1 EEMKEH

Fun Description Range

F, Sphere [—100,100]
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F; Schwefel’s problem 2. 21 [—100,100]
F, Shifted Fs [—100.,100]
Fs Schwefel [—10,10]
Fs Shifted Fs [—10.10]
F; Rosenbrock [—100,100]
Fy Shifted Rosenbrock [—100,100]
Fy Shifted rotated high conditioned elliptic [—100,100]

Fi1y Schwefel 2. 6 with global optimum on bounds [ —100,100]

Fy Rastrigin [—5,5]
Fi2 Shifted rotated Rastrigin [—5.,5]
F13  Shifted expanded Griewank plus Ronsenbrock [—3,1]

TE 1000 428 e BT 4 DA Bk T I
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M RP-EDAM™Y 51 2 8004 5 5 )5 SOk — By ik
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BT BW ERTES EDA-: B e, R A
Wilcoxon &k F1#5 56 1 Friedman #5 36 J5 3 % 52 46 45
RIEFTGE 5B Wilcoxon Bk UK 56 14 1225 1 K F
% 0,05 0 2 M HE IR B — "+ R~ 4
MFRRE T LT FIAE Y T EDA- 145

Table 2 Mean Error, Standard Deviation and Comparison Results Based on Wilcoxon’s Rank Sum Test

K2 BEEINTHIREME FRAEZET Wilcoxon BNt 16 45 R
Mean Error# Std Dev
Fun
SaNSDE DECC-G EDA-MCC RP-EDA EDA-

F,  6.97E+00+3.12E—01— 2.17E—1549.24E—16— 2.17E—25+8.24E—26— 2.59E—42+3.89E—43— 4.60E—84=+1.12E—84
F, 1.60E+02+7.21E+01— 1.55E—08+8.35E—09— 1.55E—08+3.19E—09— 1.23E—05+7.38E—07— 8.21E—18%1.15E—18

4.99E+01+1. 04E+00— 1.01E—01+7.84E—02+ 3.68E-+00+7.23E—0l~ 2.72E-+0145.83E+00— 3.26E-+00+8.47E—01
F,  1.17E+02+7.23E+01— 8.65E+0145.61E+0l~ 1.24E+02+5. 15E+01— 3.82E+01%1. 19E4+00~ 6.45E+01=+1. 28E+01
F,  1.09E+01+8.12E+00— 1.19E—0349.32E—04— 1.91E—1247.35E—13— 5.42E—01+3. 15E—02— 5.12E—1849.23E—19
F,  3.16E+01+9.78E+00— 8. 48E—04+5.12E—04— 6. 14E—09+1.01E—09— 1.28E-+10+2. 11IE+07— 2.89E—22+7.16E—23

w

.31E+04£8.56E+03— 9.87E+02+4.25E+ 02~

o~

.36E+0349.81E+02~ 1.05E+0348.33E+02~ 1.00E+0345.47E+02

Fy 3.96E+06+1.03E+06— 6.78E+03+1.34E+02— 2.47E+03+6.21E+02~ 1.08E+03+7.67E+02~ 1.03E+03+7.64E+02

-

L7T9E+084+1. 11E+07— 2.37E+09+8.79E+08— 7.19E+07+9. 19E4+06— 8.83E+08+5.48E+07— 2.38E+0719.42E+08
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Continued (Table 2)

Mean Error+ Std Dev
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F, 8.69E+02+4. 23E+02— 3.55E+03+8.08E+02— 7.13E+03+2.01E+03— 7.17E+02+6.05E+01— 2.18E+02+8.01E+01
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Fig. 2 Convergence curve of five algorithms on functions F, ,F, ,F;,F; ,Fs and F,
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Fig. 4 Fitness value of five algorithms on different dimensions
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50-D  8.62E—26 9.74E—26 1.94E—25 3.35E—22 5.31E—14 1.03E—09 2.98E—05 9.94E—02 1.14E+01 5.00E+01 1.18E+03
80-D  3.59E—25 2.26E—25 3.61E—25 6.83E—25 1.02E—17 1.31E—12 3.54E—07 7. 76E—03 2.56E+00 1.83E+01 9.26E+02

100-D  6.31E—25 3.61E—25 5,52E—25 8.95E—25 1.13E—19 3.70E—14 2.53E—08 1.80E—03 1.11E+00 9.82E+00 7.64E+02

300-D  6.56E+03 6.08E—24 3.82E—24 5.47E—24 1.24E—23 2.26E—23 1. 08E—15 3.65E—08 1.41E—03 5.23E—02 8.30E+01

500-D  1.12E405 3.00E—23 9.90E—24 1.43E—23 2.78E—23 3.64E—23 3.32E—20 3.39E—11 1.47E—05 1.42E—03 1.59E+01

800-D 5.16E+05 2.66E+03 2.35E—23 3.58E—23 6.37E—23 7.36E—23 4.99E—22 1.38E—14 7.41E—08 2.03E—05

—_

. 98E-+00

1000-D 9. 20E+05 3.54E404 3.68E—22 5.99E—22 9.51E—22 1.05E—23 7.62E—22 2.17E—16 4. 15E—09 1.71E—06 6.50E—01

FATX B M, w0 04T IEZE X H S5 L 48 (0]
/N M=[1,3,5,71; 185 %F »=[0.8,0.6,0.4]; H
H B v=1[5,20,100,200]. iy T/ W& BRI . b H 51
HOFs JF7 R E R 9256 25 B R

M 5~7 AILLE W, 2 M=3 B, 555k 10 5K i
KB B AR b AR B M AR R B R R
WA AR . BT LA, 24 M =3 B, 0] L4 4 i T i sk
NS E M B EE M. Y 0=0. 8 i, EDA-t B R
FRTE 2 800% B T BURS 1) d5c 25 SR f A T . 28 b
w=0.4 Fl 0=0. 6 715 F| () 3K fift K5 B 4, R T HK
SR AR, B E R v A5 ARl 20 IFL B SR

ffp G B WY 0 AR G (HR 2 o ARSI N BT SR i
KRR AR K. 28 b b A5 e Bkt
SEACHT 5 TSRS L 0 1 BRSO LA M =3
w=0.8 fl v=20.
3.5 HHEBREBNRBEAENESHT

N T BETE =03 A A B A 3 R R N X B3
REM R L 7E A b T A e BE 2 1) EDA- 5
EMA m A E N EDA- 5k BEAT X S5
EDA~ iy [E & A i B2 3. 4 95 h R AU 17 3%
B 0=20. X SR AR 5 PR,

M 5 HTLUE L EDA-: Bk 2 m it T EDA-



1652

HENM R S KB 2017, 54(8)

Fig. 5
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Table 5 Experimental Results of Fixed EDA-t and

#5 EEBHE EDA-+ NHIEN B HE EDA-t EiExTLE

Adaptive

EDA-t

Mean Error# Std Dev

Fun
Fixed EDA-¢ (v=20) Adaptive EDA-¢

F, 6.24E—30+1.12E—30— 4.60E—84+1.12E—84
F, 2.01E—12+8.15E—13— 8.21E—18+1.15E—18
Fy 9.11E+004+1. 73E+00—  3.26E+00+8.47E—01
F, 9.31E+01£2.27E+01— 6.45E+01X1.28E+01
Fs 6.24E—16+1.01E—16— 5.12E—18%+9.23E—19
Fs 6. 14E—18+1.24E—18— 2.89E—22%7.16E—23
F; 3.54E+03+7.26E+02~~ 1.00E+03Xx5.47E+02

Fitness Value

Fitness Value

(b) ©=0.6

Fitness Value

Fig. 6 Mesh grid of different parameters on functions F;

6 AN[EZBE s Foo b il T R 15

Mean Error# Std Dev

Fun
Fixed EDA-¢ (v=20) Adaptive EDA-¢
Fs 2.93E+03+6.36E+02=~ 1.03E+03%x7.64E+02
F, 9.31E+07+2. 75E+06— 2.38E+0719.42E+08
Fi 1. 13E+054+6. 74E+04=~ 9.84E+04+1. 12E4+04
Fi 5.29E+03+1. 10E+03— 2.18E+02%£8. 01E+01
Fi 8. 43E+03+1.02E+03— 2.81E+02%8.36E+01
Fis 8.51E+02+9.32E+01— 3.71E+02%4. 13E+01
— |+~ 10/0/3
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Fig. 7 Mesh grid of different parameters on functions Fy,
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Table 6 Experimental Results of EDA-t Based on PCA
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Table 7 CPU Time of EDA-t Based on PCA and PPCA

®7 EEEFHEMLE

F, PCA PPCA
30-D 3.01 1.94
50-D 6.67 4,04
80-D 12.13 6.87
100-D 13.84 12.08
300-D 896. 03 75.58
500-D 4533.47 89. 35
800-D 95. 37
1000-D 106. 58
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