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Abstract: Given that the challenge for evolutionary algorithms when:solving many-objective optimization problems
lies in balancing the convergence and diversity, a many-objective evolutionary algorithm based on vector-angle selection
and indicator deletion (MOEA/AS-1D), is proposed. In this algorithm, a coordinated mechanism that includes two
strategies is designed in the environmental selection process to delete the solutions with poor ‘convergence and
diversity one by one, retaining the elitist'to participate”in the evolution process_for the next generation. To be
specific, the former strategy based on vector angle selection is used to select a pair of solutions with a similar search

direction in the objective space; and the latter indicator-based deletion strategy which uses the I," indicator
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(indicator shift-based density estimation) that takes into account the convergence and diversity of a single solution,
is employed to compare the selected pair of solutions and delete the solution with a smaller indicator value, then
encourage the population to converge to the Pareto optimal front toward all directions. Finally, the balance between
convergence and diversity of the solution set is achieved. On DTLZ (Deb- Thiele- Laumanns- Zitzler), SDTLZ (scaled
DTLZ), and MaF (many-objective function) three benchmark test suites with various characteristics, MOEA/AS-1D
and six recently proposed many- objective evolutionary algorithms covering all current types perform extensive

comparative simulation experiments and numerical results analysis. Simulation results and numerical analysis show
that MOEA/AS- ID has strong competitiveness in balancing the convergence and diversity when solving many-

objective optimization problems with various characteristics.

Key words: evolutionary algorithm; many-objective optimization; vector angle selection; indicator deletion; conver-

gence; diversity
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F1 MaF (many-objective function) " = 25 & i il i, £
G [P T D5 LS5 o 3% = 2 R ofe N 5k 1) U ) A
LT T M AR AR AT DU 4 T M I AR
AIPERE . T MaF2 P 3 Im) e Y R AE A DTLZ2 AH A
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Table 2 Test problems and their characteristics
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Table 3 Population size and maximum number of iterations

FARAOBCE (M) FRERROMLEE (V) ok fQikdLe,,,
5 210 500
8 156 500
10 230 800
15 240 800
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Table 4 IGD values obtained by MOEA/AS-ID and its two variants on DTLZ test problems

MOEA/AS-ID-V2 MOEA/AS-ID

5.892 2E-2 (1.24E-3)-
1.148 5E-1 (4.36E-3)-
1.184 9E-1 (1.98E=83)-
1.426 7E-1 (2.86E=-3)-

5.160 6E-2 (4.04E-4)
1.001 2E-1 (1.59E-3)
1.066 6E-1 (9.32E-4)
1.295 5E-1 (1.71E-3)

1.709 9E=1 (8.57E-4) =
3.595 7E-1(2.37E-3) -
4.248 8E-1 (1.70E-3) =
5453 7E-1 (1.70E-3) -

1.704 8E-1 (8.96E-4)
3.566 9E~1 (1.64E-3)
4.236 0E-1 (1.92E-3)
5417 5E-1 (1.70E-3)

1.924 2E-1 (2.38E-3) -
3.900 3E-1 (2.58E-2) ~
4.389 OE-1 (7.52E-3) =
5.565 7E—1 (7.02E-3) -

1.825 2E-1 (2.28E-3)
3.743 9E-1 (4.49E-3)
4.362 5E-1 (5.08E-3)
5.540 1E-1 (4.60E-3)

Problem M MOEA/AS-ID-V1
5 6.904 7E-2 (6.36E-3) -
8 1.457 7E-1 (8.75E-3) -
DTLZ1
10 1.466 2E-1 (6.15E-3) -
15 1.809 9E-1 (8.38E-3) —
1.917 8E-1 (1.73E-3) -
3.638 6E-1 (3.03E-3) -
DTLZ2
10 4.376 OE-1 (3.16E-3) -
15 5.549 5E-1 (3.62E-3)=
1.865 0E-1 (3.50E-3) -
3.858 3E-1¢(8.33E-3) -
DTLZ3
10 4.493 6E-1 (5.11E-3) -
15 5.859 1E-1 (1.49E-2) -
1.946 2E-1 (1.89E-3) -
3.855 8E-1 (4.84E-2) -
DTLZ4
10 4.278 6E-1 (2.57E-3) -
15 5.459 OE-1 (4.51E-3) -

1.6934E-1 (5.22E-4) =
3.562.7E~1 (1.49E-3) =
4,236 8E-1 (1.13E-3) -
5.417 8E-1 (1.09E-3) —

1.706 4E-1 (9.21E-4)
3.555 6E-1 (1.31E-3)
4.196 0E-1 (1.32E-3)
5.345 7E-1 (1.50E-3)
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Fig.2 Parallel coordinates of non-dominated solutions on 15-objective DTLZ3
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