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Diversity Based Surrogate-assisted Evolutionary Algorithm for Expensive Multi-objective
Optimization Problem
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(College of Computer Science and Technology, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract: The surrogate-assisted evolutionary algorithm (SAEA) is an effective way to solve expensive problems. This study proposed a
diversity-based surrogate-assisted evolutionary algorithm (DSAEA) to solve the expensive multi-objective optimization problem. DSAEA
approximates each objective with the Kriging model to replace the original objective function evaluation, accelerating the optimization
process of the evolutionary algorithm. It decomposes the problem into several subproblems with the reference vectors. The correlation
between the solution and the reference vector is established according to the angle between them. Then the minimum correlative solution
set is computed. Based on it, the candidate producing operator and the selection operator tend to preserve the solutions of diversity. In
addition, as the training set, Archive A is updated after each iteration, deleting the little value samples according to diversity to reduce the
modeling time. In the experiment section, large scale 2- and 3-objective comparative experiments for DSAEA and several current popular
SAEAs were done. Each algorithm on different test problems ran 30 times independently, and the inverted generational distance (IGD),
hypervolume (HV), and running time were calculated and collected. At last, rank sum test was used to analyze the experimental results.

The results show that DSAEA performs better on the most experimental test problems, therefore, it is effective and feasible.
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Table 1 Results of IGD
F1 RIMIEREELSR

Problem DSAEA K-RVEA MOEA/D-EGO ParEGO

ZDT1 6.2887e—2(2.73e-2)  8.2035e-1(1.15e-1)-  1.7097e+0(3.74e+0)—  4.7243e—1(2.08e-1)—

ZDT2  1.1052e-1(1.07e-1) 7.4677e—1(1.37e-1)— 1.3118e+0(1.55e+0)—  5.9465e—1(1.43¢—1)—

ZDT3 1.9822e-1(1.88e-1) 8.1794e—1(1.59¢-1)— 1.4819e+0(1.73e+0)—  5.6781le—1(1.61e-1)—

ZDT4 6.3493e+1(1.78e+1)  7.9403e+1(2.22e+1)—  1.0688e+2(1.28e+1)—  8.5326e+1(1.37e+1)—

ZDT6 3.2883e+0(8.31e—1)  5.4347e+0(2.27e+0)—  6.2323e+0(1.99¢+0)—  6.4443¢+0(8.96e—1)—
DTLZI  5.4726e+1(1.71e+1)  7.6495e+1(1.87e+1)—  8.7589e+1(1.64e+1)—  8.9775e+1(2.24e+1)—
DTLZ2 1.4977e-1(3.47e-2) 1.8420e—1(1.88e-2)—  3.3203e—1(2.55¢-2)—  2.6802e—1(2.14e-2)—
DTLZ3 1.3896e+2(2.69e+1)  2.1205e+2(7.18e+1)—  2.1185e+2(4.05e+1)—  2.6622e+2(6.05e+1)—
DTLZ4 3.3670e-1(1.01e-1) 3.6212e-1(9.93e-2)~  6.4259¢-1(7.17e-2)— 4.1291e-1(1.12e-1)—
DTLZ5 2.5984e-2(6.28e-3)  7.5002e-2(1.28e-2)—  2.5429¢-1(3.03e-2)—-  1.7326e-1(3.06e-2)—
DTLZ6 2.7593e+0(4.34e—1)  3.8069¢+0(4.72e—1)—  1.8576e+0(5.81e-1)+  4.1258e+0(4.68¢—1)—
DTLZ7  1.7815e-1(3.03e-2) 1.0011e+0(1.10e—1)— 2.3411e-1(9.23e-2)—  3.3278e—1(6.28e~2)—

+/—/~ - 0/11/1 1/11/0 0/12/0

Table 2 Results of HV
Fz2 BHHGER

Problem DSAEA K-RVEA MOEA/D-EGO ParEGO

ZDTI  6.4567e—1(1.48e—2) 8.9466e-2(7.60e—2)— 3.4343¢—1(2.33¢—1)—  2.0311e—1(1.29¢1)-

ZDT2  3.2907e-1(8.19e—2)  4.9670e-3(1.05e-2)—  9.4252e-2(1.02e-1)-  4.0968e-2(3.81e~2)—

ZDT3 5.2323e-1(1.39%¢-1) 1.0257e-1(1.19¢e—-1)—  2.4279e-1(2.35¢-1)—  1.9277e—1(1.16e—1)—
DTLZ2 4.3094e-1(4.84e-2) 3.5085e—1(2.65e-2)— 1.3774e-1(4.64e-2)— 1.8637e—1(3.65¢-2)—
DTLZ4  2.0978e~1(1.07e—1)  1.2883e—1(1.17e—1)— 8.574le-3(1.49e-2)—  2.1018e—1(6.82e—2)~
DTLZ5 1.7894e-1(6.78e-3) 1.4107e-1(1.17e-2)—  2.5012e-2(2.17e-2)—  5.9209¢-2(2.35¢-2)—
DTLZ7 2.2066e—1(1.15e-2) 1.5166e—1(1.28e-2)—  2.1222e¢-1(1.71e-2)—  1.5591e-1(2.40e-2)—

+/—/~ - 0/7/0 0/7/0 0/6/1

Table 3 Results of running time
Fz 3 BATHI 4

Problem DSAEA K-RVEA MOEA/D-EGO ParEGO

ZDTI1 2.7213e+1(2.24e-1)  2.6465e+1(3.8le-1)+ 3.8747e+1(3.09¢-1)— 5.3115e+1(4.98¢e—1)—
ZDT2 2.6538e+1(3.10e—1)  2.5988e+1(4.28e-1)+ 3.8776e+1(3.57e—1)—  5.2682¢+1(6.76e—1)—
ZDT3 2.6967e+1(3.53e—1) 2.6303e+1(3.22e-1)+ 3.8663e+1(3.22¢—1)—  5.3362¢+1(5.72¢—1)—
ZDT4 2.7191e+1(2.32e+0)  2.6788e+1(6.96e—1)~  3.6354e+1(1.36e+0)—  5.3146e+1(7.36e—1)—
ZDT6  2.7832e+1(5.32e—1) 2.7018e+1(4.51e-1)+  3.9848e+1(8.02e=1)—  5.3760e+1(8.56e—1)—
DTLZI 9.3734e+1(2.42e+0)  8.3035e+1(8.01e-1)+ 1.5175e+2(2.18¢+0)— 1.1071e+2(1.99¢+0)—
DTLZ2  1.0472e+2(2.79¢+0)  8.2676e+1(8.58e—1)+  1.4879e+2(4.22e+0)—  1.1163e+2(1.56e+0)—
DTLZ3 9.3374e+1(2.28e+0)  8.2940e+1(9.74e-1)+  1.5196e+2(2.16e+0)—  1.1049e+2(1.57¢+0)—
DTLZ4 8.4365¢+1(2.40e+0)  8.3634e+1(1.37e+0)~ 1.4511e+2(4.16e+0)—  1.0792e+2(2.04e+0)—
DTLZ5 8.4555e+1(1.11e+0)  8.2550e+1(8.31e-1)+  1.4961e+2(4.99e+0)— 1.1101e+2(1.15e+0)—
DTLZ6  1.0086e+2(3.40e+0)  8.3866e+1(9.85e—1)+  1.5024e+2(3.75¢+0)—  1.1151e+2(1.08e+0)—
DTLZ7 7.9500e+1(8.09e-1)  8.0235e+1(1.00e+0)—  1.4154e+2(1.46e+0)—  1.1207e+2(1.54e+0)—

+/—/~ - 9/1/2 0/12/0 0/12/0
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Fig.2 Convergence curve of the algorithms on the ZDT problems
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Fig.3 Convergence curve of the algorithms on the DTLZ problems
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Fig.3 Convergence curve of the algorithms on the DTLZ problems (Continued)
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Fig.4 On the DTLZ6 problem, the function evaluated solutions of DSAEA
and MOEA/D-EGO are observed from different angles
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