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Surrogate-Assisted Evolution Algorithm Based on Label Propagation
Guidance and Region Adaptive Integration

Li Erchao, Cui Tianchao
( College of Electrical Engineering and Information Engineering, Lanzhou University of Technology , Lanzhou 730050, China)

Abstract ; Agent-assisted evolutionary algorithms have been widely used to solve computationally expensive optimization
problems. In order to improve the ability and efficiency of the pre-screening solution of the agent model under the
condition of limited computing resources, the paper proposes an agent-assisted evolution algorithm based on label
propagation guidance and regional adaptive integration,which is divided into two stages:global search and local search.
In the global search stage,the multiple screening criteria( MSC) is proposed. Two proxy models are used to predict the
fitness values of the classified populations, and the populations are screened again according to the best fitness of the
parents and offspring. The local search phase uses the SMOTE ( synthetic minority over-sampling technique ) method to
generate dynamic local populations and test samples,select individuals for evaluation based on adaptive integration of the
performance of the two proxy models in the most promising areas. Finally,the proposed method is compared with other
advanced agent assisted evolution algorithms in 8 test problems and airfoil design optimization problems,showing that the
proposed method has better convergence.
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Table 1 Benchmark questions

FEME ) R R A &R IRt E

Ellipsoid [-5.12,5.12]¢ LI 0
Rosenbrock [-2.048,2.048]¢ 2 TR BIE 0
Ackley [ -32.768,32.768 ] ¢ EAL 0
Griewank [ -600,600] ¢ EA 0
Rastrigin [-5.12,5.12]¢ EA 0

SRR [-5,5]¢ kB RZE =330

RHC1 [-5,5]¢ e[S SR A 120
RHC2 [-5,5]¢ EwE Rz 10

3.1 BHIEE

TESCIRHR 7y, BN ARARIEAT T 20 WHNLIB AT, LAk 2RI FEN FE /N R IEAS IR EL MAXNFE =
1 000. LPMAE (S50 8N  FIEER/N m= 50 WA 5 i k=100 =% SCHR[ 27 ] IS ) s RRIRERREL
P PE P AR MAE V=10, BE B B 275 SCHR [ 27 ] ASSEE A = [ sqrt (0.001%d) ,5.0E~4d * min (ub-
Ib) . Ayt GBS IPAL O A B 3T, 76 4% RBFN T 1E S8R (B HP 3 1 B (R4S 1 s S E B
BEE AR d (9 LT A BT R SR G pRAR A BE 0 76 T RS B T HE 4% A (R B S HE 44 2 ) Y 22 B
WAEHE— 4 K M d 35K, 0 T R BR B RIERE 05 TS PPAS S i A C A S FE A, BB A% 16 I 4R 5507t
B 28 12 SR W B 22 1 25 24 1 TR) R 10 2 3 AN (R ST BT RE TR A3 B[], A 17 S AR R0 48 R 0K,
2 d<100 BFRHE s=10,4 d=100 B E s=20. Rl R&eFEEE L=10 DRI,k EFECH T B H P
FLE SO ASCBE k=25 HIE N AR R PR PR B RSN o = 1/3 XS HUE 0 38 W 3 ORISR 1
KHSHL
3.2 MSC BRUI4LIE
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R A ELHEN] LPMAE-NOLP 5 (2) U ffi FH E 9 00] £ 5 248 4 246 By fy 34 et o B 42 303 (TKAEA) 5 (3) ffi
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% 2 LPMAE-NOLP,IKAEA ,LPMAE-NOEI, LPMAE-SVM, LPMAE-RF , LPMAE 373517 20 X0 HEEHE
Table 2 Mean and variance of 20 independent runs of LPMAE-NOLP,IKAEA ,LPMAE-NOEI,LPMAE-SVM ,LPMAE-RF and LPMAE

Function d

LPMAE-NOLP

IKAEA

LPMAE-NOEI

LPMAE-SVM

LPMAE-RF

LPMAE

Ellipsoid 30
50
100
200

30
50
100
200

Rosenbrock

30
50
100
200

Ackley

30
50
100
200

Griewank

30
50
100
200

Rastrigin

SRR 30
50
100

200

RHC1 30
50
100

200

RHC2 30
50
100

200

4.98E-08(5.35E-07)
9.35E-06( 1.35E-07)
1.24E-01(8.94E-05)
8.87E+02(3.58E+01)

4.15E+01(1.59E+00)
5.98E+01(3.67E+00)
1.57E+02(2.49E+01)
2.76E+02(9.57E+01)

6.58E-01( 1.49E-01)
4.98E+00(5.48E-01)
5.53E+00( 6.61E+00)
8.49E+00( 8.69E+00)

6.92E-05(3.59E-02)
1.89E-03(3.24E-01)
2.47E-02(4.98E-01)
2.14E-01( 1.25E+00)

7.48E+01(5.64E+00)
3.58E+02( 1.59E+00)
8.47E+02(3.92E+00)
1.69E+03(4.58E+00)

4.00E-03(0.00E+00)
7.07E+00(3.34E+00)
6.40E+00( 1.49E+02)
1.97E+04(3.60E+03)

5.34E+01(2.51E+01)
2.18E+02(2.81E+01)
8.22E+02(6.52E+01)
5.22E+03(9.97E+02)

4.35E+00(6.70E-01)
7.15E+00(9.40E-01)
1.28E+01(5.80E-01)
1.55E+01(5.64E-01)

9.70E-01(5.64E-01)
1.17E+00( 1.20E-01)
3.48E+01( 1.12E+01)
7.98E+02( 1.34E+02)

1.93E+02(2.30E+01)
2.21E+02(5.32E+01)
9.06E+02(6.39E+01)
1.58E+03( 1.20E+02)

2.39E-05( 1.68E-03)
5.17E-05(3.52E-02)
6.51E-01(4.61E-01)
9.98E+02(2.68E+01)

5.98E+01(2.65E+00)
9.87E+01(3.62E+00)
3.79E+02( 1.68E+02)
5.69E+02(2.49E+02)

3.28E-01(5.51E-01)
9.98E+00(5.69E-01)
1.17E+01(2.48E+00)
2.98E+01(6.59E+01)

8.92E-04(2.09E-01)
8.16E-03(5.73E-01)
6.38E-01(3.66E+00)
5.24E+00( 1.83E+00)

8.39E+01(9.92E+00)
5.98E+02( 1.12E+01)
9.35E+02(3.48E+01)
1.77E+03(5.69E+01)

6.98E-01(5.36E+00)

3.79E+01(2.13E+01)

5.45E+01(3.90E+01)
NA

2.01E+02(4.26E+01)
5.25E+02( 6.59E+01)
6.53E+02(7.52E+01)
1.53E+03( 1.OIE+01)

1.O1E+00( 1.93E+00)
6.17E+00(9.46E-+00)
2.33E+00( 1.34E+01)
1.75E+00( 3.01E+00)

8.16E-02( 1.10E+01)
7.03E-01(3.35E+01)
1.02E+00( 3.87E+01)
2.39E+02(2.11E+01)

1.51E+02( 1.04E+00)
3.62E+02(2.03E+01)
1.09E+03(3.39E+01)
2.38E+03(4.92E+01)

2.36E-03(2.96E-02)
9.69E-03(2.42E-01)
1.20E-02(6.54E-+00)
3.56E+04(5.10E+01)

8.78E+01(0.99E+00)
1.50E+02( 6.71E+00)
2.46E+02(5.62E+01)
6.11E+03(9.10E+01)

2.83E+00( 1.08E+00)
6.89E+00(3.80E-01)
3.91E+00( 6.47E+00)
1.25E+01(4.52E+01)

5.63E-01(6.35E-01)
8.64E-01( 1.03E+00)
6.15E-01(8.14E+00)
4.80E+02(2.14E+02)

146E+02(2.51E+00)
2.17E+02(8.49E+00)
9.11E+02(3.30E+02)
1.90E+03( 1.23E+01)

8.69E-09(3.15E-06
3.65E-10(95.6E-10
1.61E-03(6.58£-09
1.78E+01(2.45E+02

—_ = = =

2.21E+01( 1.39E-01)
3.86E+01(6.58E+00)
9.56E+01( 1.46E+02)
1.62E+02(3.42E+02)
2.18E-01(3.14E-01
2.90E+00(3.58E-01
1.68E+00( 6.49E-+00
5.46E+01(3.42E+00

= Z — —

5.68E-05(2.21E-01
8.98E-03(4.59E-01
4.89E-02(5.49E+00
3.09E-01(3.49E+00

= Z — —

5.16E+01(2.99E+00
1.28E+02(3.25E+01
5.39E+02(2.34E+00
9.86E+02(3.69E+01

—_ = — =

~1.58E+01(8.71E-01) ~2.85E+01(2.70E+00) —1.1SE+01(6.65E-01) ~8.42E+01(2.94E+00) —1.01E+02( 1.25E+00) —2.33E+02(4.15E+00)
-9.37E+00( 1.02E+00) 2.61E+02(4.73E+01)

8.69E+02(3.98E+00)
5.64E+03(6.97E+01)

5.54E+02(5.68E+00)
6.94E+02(7.25E+00)
7.21E+02(9.42E+00)
1.72E+03(2.61E+01)

9.57E+02(3.21E+00)
9.88E+02(5.69E+00)
1.38E+03(9.19E+00)
1.72E+03(2.68E+01)

1.15E+03(9.92E+01)
5.10E+03( 1.46E+02)

4.49E+02(4.70E+01)
5.17E+02( 1.73E+01)
5.72E+02(3.14E+01)
1.69E+03( 1.42E+01)

9.32E+02(1.28E+01)
1.02E+03(3.61E+01)
1.41E+03(2.82E+01)
1.69E+03( 1.61E+01)

3.27E+00(2.15E+00)
9.83E+02(8.49E+00)
6.96E+03(3.24E+01)

6.83E+02(9.49E+00)
8.77E+02( 1.10E+00)
9.82E+02(2.08E+01)
1.87E+03(3.76E+01)

9.01E+02( 1.86E+00)
1.01E+03(8.20E+00)
1.54E+03(2.47E+01)
1.94E+03(5.09E+01)

1.06E+02(8.91E+00)
1.05E+03(1.35E+01)
5.48E+03(3.52E+01)

5.20E+02(3.48E+00)
6.53E+02(5.36E+00)
1.33E403(6.92E+02)
1.94E+03(2.96E+01)

1.07E+03(2.84E+01)
1.02E+03(5.62E+01)
1.67E+03(9.55E+01)
1.98E+03(9.41E+01)

2.54E+01(3.52E+01)
9.01E+02(9.85E+02)
5.32E+03( 1.32E+03)

5.85E+02( 1.21E+01)
5.37E+02(7.65E+01)
9.92E+02(9.70E+01)
1.70E+03(5.58E+01)

1.02E+03( 1.32E+01)
1.0SE+03(3.59E+01)
1.40E+03(6.85E+01)
1.61E+03(9.53E+01)

-6.59E+01 (1.24E+00)

7.34E+02(5.64E+01)
4.97E+03( 1.54E+02)

2.89E+02(2.48E+01
3.44E+02( 1.58E+01
5.90E+02(2.13E+01
1.60E+03(6.09E+01

—_ — — —

8.98E+02(5.16E+01
9.51E+02(3.68E+01
1.09E+03 (4.24E+01
1.31E+03(2.36E+01

—_ — — —
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Fig.2 Convergence curves of LPMAE-NOLP ,IKAEA , LPMAE-NOEI, LPMAE-SVM, LPMAE-RF

and LPMAE in 100d test problems
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Table 3 Mean and variance of running 20 independently with different strategies

Function d LPMAE-single LPMAE-mean LPMAE

Ellipsoid 30 4.28E-06(3.62E-03) 5.76E-05(2.92E-03) 8.69E-9(3.15E-06)
50 5.14E-06(4.51E-02) 7.10E-04(6.98E-02) 3.65E-10(95.6E-10)

100 2.71E-03(1.28E-02) 2.48E-02(1.66E-02) 1.61E-05(6.58E-09)

200 3.51E+02(1.25E+01) 5.10E+03(3.59E+01) 1.78E+01(2.45E+02)

Rosenbrock 30 9.88E+01(8.47E-01) 9.71E+01(1.86E+00) 2.21E+01(1.39E-01)
50 1.05SE+02(4.57E+00) 1.22E+02(9.83E+00) 3.86E+01(6.58E+00)

100 5.68E+02(1.23E+01) 9.69E+02(2.51E+01) 9.56E+01(1.46E+02)

200 7.14E+02(9.41E+01) 8.99E+02(1.63E+02) 1.62E+02(3.42E+02)

Ackley 30 9.47E+00( 1.58E-01) 8.41E+00( 1.02E+00) 2.18E-01(3.14E-01)
50 6.21E+00( 1.59E-01) 4.92E+00(4.07E+00) 0.29E+00(3.58E-01)

100 1.42E+01(4.11E+00) 1.74E+01(5.27E+00) 1.38E+00(6.49E+00)

200 1.93E+01(2.45E+00) 1.79E+01(8.92E+00) 1.46E+01(3.42E+00)

Griewank 30 3.57E-04(1.17E-01) 7.48E-04(2.57E-01) 5.68E-05(2.21E-01)
50 2.18E-02(5.59E-01) 1.36E-01(1.88E-01) 8.98E-03(4.59E-01)

100 2.59E-01(2.57E+00) 1.13E+00( 1.14E+00) 4.89E-02(5.49E+00)

200 2.81E+00(2.48E+00) 3.08E+00(3.52E+01) 3.09E-01(3.49E+00)

Rastrigin 30 9.85E+01(0.28E+00) 1.52E+02(1.11E+00) 5.16E+01(2.99E+00)
50 2.42E+02(4.47E+00) 1.96E+02(6.51E+00) 1.28E+02(3.25E+01)

100 8.41E+02(1.58E+00) 9.54E+02(2.57E+01) 5.39E+02(2.34E+00)

200 1.52E+03(2.81E+01) 2.10E+03(5.87E+01) 9.86E+02(3.69E+01)
SRR 30 -1.74E+02(3.27E+00) -1.39E+02(8.24E+00) -2.33E+02(4.15E+00)
50 -7.36E+01(8.41E+00) -8.58E+01(3.28E+01) -6.59E+01(1.24E+00)

100 9.95E+02(3.12E+01) 1.03E+03(4.51E+01) 7.34E+02(5.64E+01)

200 5.01E+03(9.88E+01) 5.43E+03(1.69E+02) 4.97E+03( 1.54E+02)

RHC1 30 3.55E+02(2.10E+01) 4.79E+02(8.69E+01) 2.89E+02(2.48E+01)
50 4.41E+02(1.85E+01) 4.85E+02(1.15E+02) 3.44E+02(1.58E+01)

100 6.09E+02(2.89E+02) 6.21E+02(6.47E+00) 5.90E+02(2.13E+01)

200 1.51E+03(2.01E+01) 1.67E+03(1.58E+01) 1.60E+03(6.09E+01)

RHC2 30 8.41E+02(4.05E+01) 1.02E+03(6.03E+01) 8.98E+02(5.16E+01)
50 9.82E+02(1.26E+01) 9.97E+02(1.32E+01) 9.51E+02(3.68E+01)

100 1.38E+02(2.23E+01) 1.40E+03(2.04E+01) 1.09E+03(4.24E+01)

200 1.29E+03(2.11E+01) 1.46E+03(5.41E+01) 1.31E+03(2.36E+01)
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Table 4 Mean and standard deviation of DESO,SHPSO,ESA , TS-DDEO and LPMAE in test questions
Function d DESO SHPSO ESA TS-DDEO LPMAE
Ellipsoid 30 9.04E-08(9.19E-08)  7.62E-02(4.01E-02)  4.90E-23(5.185-23)  2.46E-13(3.39E-13)  8.69E—09(3.15E-06)
50 7.67E-03(5.80E-03)  4.02E+00(2.05E+00)  2.28E-18(4.14E-18)  2.37E-10(1.36E-10)  3.65E-10(95.6E~-10)
100 1.23E+01(4.26E+00)  7.61E+01(2.14E+01)  3.91E-03(7.89E-03)  3.19E-05(1.63E-05)  1.61E-05(6.58E-09)
200 4.80E+02(1.04E+02)  7.03E+01(1.69E+01)  5.60E-01(9.87E-01)  8.84E-01(2.49E-01)  1.78E+01(2.45E+02)
Rosenbrock 30 2.47E+01(1.27E+00)  2.85E+01(4.04E-01) 2.51E+01(7.36-01) 2.72E+01(6.19E-01)  2.21E+01(1.39E-01)
50 4.66E+01(9.83E-01)  5.08E+01(3.03E+00)  4.65E+01(7.12E-01)  4.80E+01(8.25E-01)  3.86E+01(6.58E+00)
100 LOIE+02(2.35E+00)  1.67E+02(2.63E+01)  9.79E+01(4.27E-01)  1.10E+02(2.04E+01)  9.56E+01( 1.46E+02)
200 3.49E+02(3.68E+01)  6.13E+02(1.72E+02)  1.98E+02(2.21E-01)  5.58E+02(3.46E+02)  1.62E+02(3.42E+02)
Ackley 30  3.21E-05(1.82E-05)  1.44E+00(7.74E-01)  5.38E-05(2.26E-05)  1.67E-04(4.84E-05)  2.18E-01(3.14E-01)
50 2.62E-01(4.79E-01)  1.83E+00(5.63E-01)  9.46E—04(4.69E-04)  6.37E-03(6.71E-03)  0.29E+00(3.58E-01)
100 2.89E+00(4.71E-01)  4.11E+00(5.92E-01)  2.87E—01(3.42E-01)  1.39E+00(3.43E-01)  1.38E+00(6.49E+00)
200 5.94E+00(4.00E-01) 1.68E+00( 1.19E+00) 8.06E+00(0.35E+00) 5.47E+00(5.68E+00) 1.46E+01(3.42E+00)
Griewank 30 7.96E-04(2.63E-03)  9.20E-01(8.80E-02)  4.73E-04(1.71E-03)  7.69E-03(1.41E-02)  5.68E—05(2.21E-01)
50 9.59E-03(1.01E-02)  9.45E-01(6.14E-02)  1.75E-03(1.18E-03)  3.40E-02(1.21E-02)  8.98E-03(4.59E-01)
100 1.02E+00(5.66E-02)  1.07E+00(2.04E-02)  5.37E-02(2.37E-02)  2.69E-01(5.67E-02)  4.89E—02(5.49E+00)
200 1.61E+01(3.38E+00)  3.10E+00(0.44E-00)  3.89E-01(1.48E+00) 8.69E-01(8.160E-01)  3.09E-01(3.49E+00)
Rastrigin 30 2.14E+02(1.66E+02)  2.40E+02(2.83E+01)  1.36E+02(1.09E+00)  2.62E+01(1.33E+01)  5.16E+01(2.99E+00)
50 4.03E+02(1.54E+01)  3.65E+02(6.14E+01)  1.73E+02(1.18E+02)  4.01E+02(3.87E+01)  1.28E+02(3.25E+01)
100 8.24E+02(2.04E+01)  7.69E+02(3.69E+01)  8.17E+02(9.56E+01)  8.13E+02(2.27E+01)  5.39E+02(2.34E+00)
200  1.76E+03(5.05E+01)  1.84E+03(1.144E+01) 1.59E+03(1.48R+02)  1.88E+03(2.46E+01)  9.86E+02(3.69E+01)
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Table 4 continued

Function d

DESO

SHPSO

ESA

TS-DDEO

LPMAE

SRR 30
50
100
200

RHCI 30
50
100
200

RHC2 30
50
100
200

~7.25E+01(2.35E+01)
2.30E+02(4.64E+01)
1.20E+03( 1.18E+02)
4.79E+03( 1.52E+02)

5.16E+02(8.58E+01)
5.65E+02(6.99E+00)
5.98E+02(3.71E+01)
1.68E+03( 1.38E+01)

9.66E+02(1.89E+01)
1.04E+03( 1.75E+01)
1.35E+03(4.99E+01)
1.35E+03(7.49E+01)

-9.28E+01(2.25E+01)
1.34E+02(3.22E+01)
8.01E+02(7.22E+01)
5.65E+03(1.99E+02)

4.64E+02(8.51E+01)
4.74E+02(4.20E+01)
5.16E+02(3.20E+01)
1.71E+03(7.26E+02)

9.39E+02(9.01E+00)
9.96E+02(2.21E+01)
1.41E+03(3.82E+01)
1.51E+03(6.02E+01)

-1.19E+02(2.46E+01)
5.55E+01(6.16E+01)
1.21E+03(1.39E+02)
4.85E+03(2.38E+02)

4.16E+02(8.17E+01)
4.37E+02(4.33E+01)
6.05E+02(3.39E+01)
1.68E+03(4.77E+01)

9.37E+02(9.17E+00)
1.01E+03(3.83E+01)
1.18E+03( 1.87E+02)
1.69E+03( 1.17E+02)

-8.44E+01( 1.76E+01)
1.27E+02(1.90E+01)
7.59E+02(6.22E+01)
5.19E+03(2.24E+02)

4.48E+02(6.14E+01)
4.67E+02(2.45E+01)
5.04E+02(2.09E+01)
1.65E+03(7.75E+01)

9.40E+02(1.03E+01)
1.00E+03(2.40E+01)
1.39E+03(3.22E+01)
1.68E+03(3.27E+01)

-2.33E+02(4.15E+00)
~6.59E+01( 1.24E+00)
7.34E+02(5.64E+01)
4.97E+03(1.54E+02)

2.89E+02(2.48E+01)
3.44E+02( 1.58E+01)
5.90E+02(2.13E+01)
1.60E+03(6.09E+01)

8.98E+02(5.16E+01)
9.51E+02(3.68E+01)
9.89E+02(4.24E+01)
1.31E+03(2.36E+01)
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Table 5 Optimized parsec parameters
BiH2H W R B 2H UL R
AIZE1E(R),) 0.021 6 0.001 5 T g A (YXX,, ) 0.674 8 0.075
PR (X,,) 0.344'5 0.025 JRGIREE (T ) 0 0
bR (Y,,) 0.079 12 0.015 JE M (Tq) 0 0
b PR (VXX ) -0.644 8 0.01 451015 (o) 0 0.175
UL B (X)) 0.17 0.02 TGRSR (Bry) 0 0.05
TR (V) -0.033 797 0.015
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Fig. 4 Convergence curves of DESO,SHPSO,ESA , TS-DDEO and LPMAE in the 100d test problem
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Table 6 Analysis of airfoil optimization results

Bk H1E bRz Bk H1E PR
DESO 9.58E-01 4.9E-05 TS-DDEO 9.24E-01 3.26E-04
SHPSO 9.58E-01 3.3E-03 LPMAE 9.18E-01 4.69E-05
ESA 9.34E-01 4.81E-05
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