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Table 2 Characteristics of the test function
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5 8.1375e+ 3.8626e + 5.6873¢ + 1. 0865¢ + 9.9737e+ 3.0365¢ +
1(1.59¢e+ 1) 1(9.89e+0) t 1(3.87e+1) t 2(1.92e+1) | 1(1.56e+1) 2(6.05e+1) |}
3 2.0815e+ 6.6281e+ 3.9894e + 1.278le+ 6.3370e + 5. 4696e +
1(5. 33e+0) 1(2.19e+ 1) | 1(3.85¢e+ 1)} 2(2.23e+ 1) | 1(1.48e+ 1 | 2(6.75¢+ 1) |
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gR3
Continued table 3
Problem M d, NSGAT MOEAD MOEADFRRMAB VaEA NSGAII NSGA I
10 5.6325¢ + 1. 3428e + 3.4889¢ + 1. 0247+ 5.6127e + 4.9799¢ +
1(1.99¢+1) 1(4.82e+0) t 1(2.42e+1) 1 2(1.62e+1) | 1(1.26e+1) = 2(7.6le+1) |
DTLZZ 3 1.5199¢ — 6.4252¢ — 2.8685¢ — 6.4185¢ — 6.2138e— 7.8172e —
- 1(1.79e - 2) 2(3.31e—3) 1 1(4.90e-2) | 2(2.48¢—-3) 1 2(1.63e-3) t 2(2.79¢-3) 1
5 2.5974¢— 2.2182e- 7.6490¢ — 7.4503e — 2.4910e — 7.7339¢ —
1(1.35e-2) 1(4.00e-3) = 1(5.90e-2) | 1(8.33¢-2) | 1(7.98¢-3) t 1(1.70e- 1 |
8 1. 0228 + 3.9734e- 9. 4599¢ — 6.5144e — 4.7902¢ — 2.5330e +
0(8.50e—2) 1(7.87¢-3) t 1(5.8le—-2) 1 1(6.18e—-2) t 1(6.88¢—2) t 0(4.52¢e—1) |
10 1. 0016e + 6.0248e - 1. 0263¢ + 7.9870e — 6.3599¢ — 2.3655¢ +
0(8.95¢—2) 1(6.29¢-2) t 0(6.36e—2) = 1(6.52¢—2) t 1(5.00e—-2) t 0(3.07e—-1) |
DTLZ3 3 1, 3251e+ 1. 6589¢ + 1. 8165e + 2.0105e + 2.2824e + 1. 3364e +
2(2.77e+1) 2(3.92e+ 1) | 2(1.25e+2) = 2(3.47¢+ 1) | 2(3.80e+1) | 2(3.39%+1) =
5 2.7516e + 1.5275e + 1,4727e+ 3.3270e + 2.8932e¢ + 8.2180e +
2(5.13e+1) 2(2.89¢+1) t 2(1.13e+2) ¢t 2(5.69e+1) | 2(4.62¢+1) = 2(1.31e+2) )
3 1.0467e+ 1.2567¢ + 1. 2406¢ + 5.0577¢ + 2. 4656¢ + 2.3636¢ +
2(3.92e+1) 2(2.90e+ 1) | 2(1.0le+2) | 2(7.52e+ 1) | 2(4.47¢+ 1) | 3(2.51e+2) |
10 6.5087e+ 7.6939¢ + 8.5980¢ + 4.2819¢ + 2.2353¢ + 2.1303¢ +
1(2.50e+1) 1(2.00e+ 1) } 1(7.53e+ 1 | 2(5.86e+1) | 2(5.86e+1) | 3(3.39¢+2) |
DTLZ4 3 1. 6098e - 4.9974e - 5.2833e — 4.7682e — 2.4773e — 3.5211e—1
- 1(1.94e-1) 1(3.92¢- 1) | 1(1.96e-1) } 1(1.70e-1) } 1(3.05¢—-1) | (2.80e-1 |
5 2. 8046e— 7.5770e — 7.5919¢ — 7.4473e - 3.5523e — 5. 7664 —
1 (2.03e-2) 1(2.57e-1) | 1(1.19e-1} 1(6.18¢—-2) } 1(1.15¢-1) | 1(1.1le-D |
3 6.5776e — 8.9577e — 9.1988e — 9.2083e— 5. 7650e — 2.4329¢ +
1 (5.05¢—2) 1(1.92e-1D | 1(5.32¢-2) } 1(7.70e-2) 4 1(7.52¢e-2) t 0 (3.60e—1)}
10 1. 0426e + 1. 0436e + 9. 7840 — 8. 0668¢ — 6.5001e— 2.1652¢ +
0 (7.11e—2) 0(1.78e—-1) = 1(4.36e-2) 1 1(3.88¢e-2) 1 1(6.11e-2) ¢ 0(1.72¢e-D |
DTLZS 3 6.9697¢ — 2.9184e— 1. 0675¢ — 1.8283e— 1.9973e — 1.2514e-
- 2 (6.77e—3) 2 (1.60e—3) t 1(4.18¢—2) | 2 (3.67¢—3) 1 2 (2.51e-3) 1 2 (2.03e-3) 1
5 6.5578¢ — 2.4457e- 2.1652¢ — 3.2050e — 3.1531e— 9. 6093e —
1(1.37e-1) 2 (2.86e-3) t 1(6.5le—2)t 1(4.10e-2)t 1(5.24e-2> 1 1(1.95¢—-1D |
8 2.9246¢ — 6.2137e— 4.0029¢ — 6.7726¢ — 6.2208¢ — 1. 5987 +
1 (5.35¢-2) 2(1.49¢-2) t 1(7.95¢—2) 1(1.23e-D ! 1(1.17e-D 0(3.37e-1D |
10 6.1807¢— 7.9997e - 2.5732¢ - 7.0154e — 3.3652¢ — 1. 7129¢ +
1(1.36e—1) 2(1.12e-2) ¢ 1(4.67¢—2)1 1(1.75e—1) = 1 (4.80e-2)1 0 (3.55¢—1) {
DTLZE 3 4.7408¢ + 8. 2580e + 1, 5862e - 3.6819¢ + 4.2542¢ + 4.4193e +
- 0 (1.34e+0) 0 (1.77e+0) | 1(4.37e-1D ¢ 0 (8.65e—1)t 0 (1.02¢+0) = 0 (1.35e+0) =
5 7.4818e + 1.0129e + 1. 5845¢e+ 1.5943e + 1. 3469¢ + 1.9596¢ +
0 (1.36e+0) 1(1.59¢+0) | 0 (1.75e+0) t 1(1.05e+0) { 1(8.84e-1) | 1(8.82e-1) 1
3 1. 2460e + 8.3860e + 5.7767¢ + 1.4326e+ 1. 3569¢ + 1. 8562¢ +
0 (7.35e—1) 0 (1.80e+0) 0 (1.50e+0) } 1(9.03e-1) 1(1.02¢e+0) 1(8.06e—-1)
10 3.9380¢ + 4.7311e+ 4,3927e— 1.2974e + 1. 2650¢ + 1. 7336e +
0 (1.12e+0) 0 (1.85e¢+0) = 1(5.07e-1) ¢t 1(7.75¢-1 | 1(9.26e-1D 1(6.57e—1) |
DTLZ7 3 1.5616e — 1. 4396 — 5.7350¢ — 1. 2356e - 4.7374e— 1.3477e -
- 1 (4.04e-2) 1(1.86e—-2)t 1(9.75¢—2) 1 (2.05e-2) = 1(1.16e-1D 1(2.0le-2) =
5 1. 0672e + 2.7553e + 1.0383e+ 5.9338e — 5.8097e— 8. 6364 —
0 (2.0le—1) 0 (1.56e—1){ 0 (1.67e-1) = 1(6.94e—-2)t 1(1.07e-Dt 1(8.80e-2) 1
3 1.9351le+ 1. 5686e + 2.8765¢ + 1. 6587e+ 4.2727e+ 7.0155e +
1(2.47e+0) 0(2.13¢e-1) ¢ 0 (1.38¢+0) t 0 (2.00e—1)t 0 (1.14e+0) t 0 (1.90e+0) t
10 1.2169e + 2.0851e+ 2.1327e+ 2.3289¢ + 4.6105¢ + 2.4191e+
1 (2.54e+0) 0(3.40e-1) t 0 (1.41e+0) t 0(3.72¢e—1 t 0 (1.03e+0) t 1(3.03e+0) {
t/l/= 13/11/4 12/12/4 10/16/2 12/13/3 4/20/4

T 7 LR =7 B RN RS R R E AL T TG EEEM T d, _NSGAT ik

Note:" t"," | ",and " =" indicate that the result is significantly better, worse and similar to that obtained by d, NSGAIl algorithm
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An Improved NSGA [I Algorithm for Enhancing Diversity

CHENG Wenqi' .GUO Hua'.XIE Chengwang'?,WEI Wei' ,PAN Jiamin', LONG Guanglin'

(1. School of Computer and Information Engineering, Nanning Normal University, Nanning. Guangxi, 530000, China; 2. School of
Data Science & Engineering,South China Normal University, Shanwei, Guangdong,516600, China)

Abstract: The traditional NSGA I algorithm maintains the population distribution by calculating the crow-
ding distance of individuals. In order to improve the shortcomings of the algorithm and make the new algo-
rithm perform better on the test problem set, the diversity of the algorithm is improved in this study. In-
spired by the PBI utility function,the d, distance is extracted as the selection mechanism and combined with
the traditional NSGA Il algorithm. An improved NSGAl algorithm for calculating d, distance (d,_ NSGA
1) is proposed to improve the convergence and diversity of traditional algorithms. Through experimental
comparison,it is found that compared with NSGA Il and other algorithms,the new algorithm has obvious ad-
vantages in high-dimensional multi-objective optimization problems for some test functions. Therefore,d, _
NSGATl is a better new algorithm to solve high-dimensional multi-objective optimization problems.
Key words: multi-objective optimization, non-dominated sort, evolutionary algorithm, crowding distance, NS-
GAI
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