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Indicator selection and density estimation deletion-based many-objective
evolutionary algorithm

ZHANG Wei, LIU Jian—changT, TAN Shu-bin, LIU Yuan-chao
(College of Information Science and Engineering, Northeastern University, Shenyang 110819, China)

Abstract: Although a variety of many-objective evolutionary algorithms have been proposed, the difficulty in balancing
the convergence and diversity of the population still remains. To address this issue, we proposes an indicator selection
and density estimation deletion-based many-objective evolautionary algorithm (MaOEA/IS-DED). In this algorithm, the
selection strategy based on the I (z, y) indicator and the deletion mechanism based on shifted-based density estimation
cooperate for deleting these individuals with poor convergence and diversity one by one, so that the proposed algorithm
can make the population converge to the true Pareto front from search directions with good diversity and further achieve
balance the converge and diversity. More specifically, the former is designed to find a pair of individuals with the minimum
I (x,y) indicator values, which denotes these selected individuals have the most similar search directions in space. The
latter utilizes own characteristic, taking the convergence and diversity of the population into account, to compare these
selected individuals and delete the worse one. Experimental results demonstrate that the MaOEA/IS-DED can gain the
highly competitive performance when solving many-objective optimization problems.

Keywords: many-objective evolutionary algorithm; indicator-based selection strategy; density estimation-based deletion

mechanism; convergence; diversity
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8)end while
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6)if D(z) < D(y) then

7) Pool = Pool | J{z}

8)else if D(z) > D(y) then

9) Pool = Pool | J{y}

10) else

11) BEMLIE$E 2 8L v I\ Pool;

12)end if

13) end while

14)return P
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%2 JELEELLR MaOEA/IS-DED ZEDTLZ1 ~ DTLZ4 F 3B HV BT R

problem m

VaEA

SPEA2-SDE NSGA-III

SPEA/R

MaOEA-IGD

UIMaOTO

TS-NSGA-II

MaOEA/IS-DED

DTLZI

9.331 5e-1 (5.35¢-1)+
9.033 9e-1 (4.92¢-2)—
8.1579e-1 (2.76e-1)—
5.9108e-1 (3.69¢-1)—

8.148 0e-1 (3.03e-1)—

9.501 3e-1 (5.27e-1)+ 9.603 3e-1 (5.31e-1)+
9.695 Oe-1 (2.08¢-3)— 9.796 0e-1 (2.48e-4)+
9.859 0e-1 (3.37e-3)— 9.549 8e-1 (1.54e-1)~2
9.9572e-1 (8.31e-4)— 9.493 0c-1 (1.64e-1)—

9.9183e-1 (2.08¢-3)— 9.9768e-1 (7.65¢-3)~

7.944 le-1 (1.01e-1)=
9,645 2e-1 (1.46¢-2)—
8.163 8e-1 (2.91e-1)—
3.101 6e-1 (2.91e-1)—

2.850 le-1 (2.48e-1)—

7.2394¢-2 (1.21e-1)—
7.8420¢-1 (2.94¢-1)—
9.713 8e-1 (9.30e-2)—
8.7820e-1 (2.91e-1)—

2.9984e-1 (3.93¢-1)—

8.101 8e-1 (7.75¢-3)—
9.475 5e-1 (6.14¢-3)—
9.678 8e-1 (4.29¢-3)—
9.8647e-1 (1.88¢-3)—

9.771 6e-1 (3.34¢-3)—

6.5123¢-1 (2.41e-1)—
9.325 6e-1 (1.12¢-1)—
9.6462e-3 (2.33¢-2)—
9.6527e-1 (1.95¢-1)—

9.670 3e-1 (2.50e-2) —

8.3789¢-1 (6.87¢-4)
9.7894e-1 (2.32e-4)
9.9739¢-1 (1.20¢-4)
9.9969e-1 (1.86e-5)

9.997 2e-1 (2.83e-4)

DTLZ2

5.5457¢-1 (1.55¢-3)—
7.9205¢-1 (2.69-3)—
9.0947e-1 (4.60e-3)—
9.3120e-1 (5.90e-3)—

9.4133e-1 (9.55¢-3)—

5.582 1e-1 (1.50e-3)~% 5.596 le-1 (3.73e-6)+
8.1049¢-1 (2.09¢-3)~% 8.123 2¢-1 (4.26e-4)+
9.288 7e-1 (1.32e-3)+ 9.3022e-1 (2.93¢-2)+
9.719 1e-1 (9.23e-4)+ 9.669 4e-1 (5.28¢-4) —

9.834 7e-1 (1.98e-3) — 9.765 4e-1 (9.65e-3) —

5.5726e-1 (1.49¢-3)~
8.095 2¢-1 (1.49-3)—
9.3347e-1 (8.72¢-3)+
9.5837e-1 (1.47¢-3)—

9.8668e-1 (1.07e-3)~

5.4315¢-1 (1.34e-4)—
8.127de-1 (4.26e-4)+
9.394de-1 (1.17e-2)+
9.686 8¢-1 (1.54¢-3)—

6.9632e-1 (1.56e-1)—

5.531 5¢-1 (1.26e-3)—
7.906 5e-1 (4.00¢-3) —
8.7414e-1 (7.62¢-3)—
9.2409e-1 (7.64¢-3)—

8.983 le-1 (1.02e-2)—

5.558 8e-1 (7.09e-4)~
7.8808e-1 (1.31e-3)—
9.1838e-1 (3.07¢-3)—
9.462 le-1 (4.36e-2)—

9.201 5e-1 (3.90e-2) —

5.5752e-1 (1.37e-3)
8.1150e-1 (1.27e-3)
9.266 5e-1 (2.06e-3)
9.7057e-1 (6.62¢-4)

9.869 6e-1 (8.42¢-4)

DTLZ3

5

8

5.5363e-1(2.87e-3)—
6.399 7e-1 (6.13e-2) —

3.8120e-2 (1.70e-1)—

10 0.000 0e+0 (0.00e+0)—

15 0.0000e+0 (0.00e+0) —

5.5703e-1 (1.67e-3)+ 5.5533¢-1 3.41e-3)~
8.096 le-1 (2.45¢-3)~% 7.5269e-1 (1.77¢-1)—
9.208 3e-1 (7.04e-3) 2.9740c-1 (3.63e-1)—
9.674 3e-1 (3.44e-3)~ 1.890 5e-1 (3.09%-1)—

9.7355e-1 (5.71e-3)~ 2.564 4e-1 (3.68e-1)—

4.1672¢-1 (5.61e-2)—

1.7823e-1 (2.03¢-1)—
0.000 0e+0 (0.00e+0)—
0.000 0e+0 (0.00e+0)—

0.000 0e+0 (0.00e+0) —

0.0000¢+0 (0.00e+0) —
0.000 0c+0 (0.00e+0) —
0.0000e+0 (0.00e+0) —
3.667 Se-3 (1.64¢-2) —

1.916 5¢-3 (8.57e-3)—

4.8002e-1 (1.5%-1)— 0.000 0e+0 (0.00e+0) — 5.561 4e-1 (1.63e-3)

0.000 0e+0 (0.00e+0) —

4.940 0e-1 (3.78¢-1)—

0.000 0e+0 (0.00e+0) —

8.558 4e-1 (1.48e-2) —

1.2822¢-2 (5.01e-2)—
3.6182¢-3 (1.98¢-2) —
3.8759¢-1 (2.07¢-1)—

3.9282¢-1 (4.28e-1)—

8.1025e-1 (3.22¢-3)
9.240 6e-1 (4.35¢-3)
9.644 6e-1 (7.91e-3)

9.766 6e-1 (7.84e-3)

5.5390c-1 (1.65¢-3)~
7.888 le-1 (2.28¢-3)—
9.008 4e-1 (4.89¢-3)—
9.2251e-1 (5.18¢-3)—

9.562 le-1 (4.27e-3)—

4.932 Te-1 (1.28e-1) 4.8103e-1 (1.33e-1)
8.0279e-1 (2.81e-2)~% 8.057 8e-1 (2.80e-2)~
9.2476e-1 (1.66e-2)— 9.313 3e-1 (3.00e-2)+
9705 7e-1 (6.07¢-4)— 9.643 Se-1 (1.63¢-2) —

9.863 le-1(2.50e-3)~ 9.797 3e-1 (8.47e-3) —

5.5549¢-1 (1.83¢-3)~
8.080 5e-1 (1.10e-3)+
9.2752e-1 (7.02¢-3)+
9.5567e-1 (2.56¢-3)—

9.848 7e-1 (1.74e-3)—

4.4249¢-1 (1.03e-1)—
7.996 8e-1 (5.90e-2)~
9.3934e-1 (1.30e-2)+
9.6918e-1 (4.15¢-3)

9.8592¢-1 (4.91e-3)

5.5679e-1 (1.18¢-3)~
8.049 le-1 (1.98¢-3)—
9.1158e-1 (3.37¢-3)—
9.607 3e-1 (1.84¢-3)—

9.768 9e-1 (2.35e-3) —

5.5039¢-1 (2.49¢-2)+
7.8348e-1 (2.03¢-2)

9.251 5e-2 (1.25¢-2)—

9.4528e-2 (5.61e-2)—

9.870 6e-2 (4.91e-3)~

4.7132¢-1 (1.33¢-1)
8.0328e-1 (2.29¢-2)
9.2623e-1 (5.77¢-3)
9.717 6e-1 (6.84e-4)

9.875 5e-1 (9.48e-4)

DTLZ4 8
10
15
+/ =/~

1/18/1

4/7/9

6/9/5

3/13/4

3/14/3

0/19/1

1/17/2

“ 7 FOR L ERA T TR I S,

H#rDTLZ1 ~DTLZ4 | iz
B &7 B (BR T i, B m). b i B nT i, B

7 9 1
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dimension no.

(a) VaEA

“ =T RORIERE S TR IR S, ¢

Al
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AN
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dimension no.
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T

I
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o
2
«
>
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dimension no.
(b) SPEA2-SDE
2
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1
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113

E1

BEAR, N T R S HIE R e, AN EEE LS
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v
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(f) UIMaOTO
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value
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value
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dimension no.
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£ EE 15 BAEDTLZ] EREMRLHHES
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0 2
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7

9 11 13
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a5 Ml 8T L SE PR
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%3 XEEEELIR MaOEA/IS-DED 7£ WEG1 ~ WFGY 3k 8 HV B S iT4

problem m

VaEA

SPEA2-SDE

NSGA-III

SPEA/R

MaOEA-IGD

UIMaOTO

TS-NSGA-II

MaOEA/IS-DED

w

v

WFG1 8

8.790 0e-1 (9.63e-3) —
4.5824e-1 (2.12¢-2)—
3.437 4e-1 (1.48e-2)—
2462 le-1 (8.81e-3)—

2.369 le-1 (8.39-3)—

9.344 0c-1 (4.10e-3)—
8.7308¢-1 (2.33e-2)—
7.867 le-1 (3.32¢-2)—
5.7527e-1 (2.46¢-2)—

5.4732¢-1 (3.61e-2)—

9.1888e-1 (9.44e-3)—
5.8787e-1 (2.10e-2)—
5.3134e-1 (2.09¢-2)—
33524e-1 (1.59%-2)—

5.360 6¢-1 (5.55¢-2)—

9.2917¢-1 (3.92¢-3)—
7.1399e-1 (3.02¢-2)—
7.2060e-1 (2.80¢-2) —
5452 le-1 (2.72e2)—

7.2472e-1 (4.46¢-2)—

1,511 8e-1 (2.62¢-2)—
1.0879e-1 (6.54e-2)—
1.1578e-1 (5.98¢-2) —
2.1579¢-1 (8.16¢-2)—

2.3370e-1(9.22e-2)—

6.421 6e-1 (1.84e-2)—
4.2223e-1(1.74e-2)—
3.6728e-1 (2.47e-2)—
2.947 2e-1 (1.25e-2)—

3.386 6¢-1 (3.80e-2) —

4.9185¢-1 (6.12¢-2)—
5.678 4e-1 (6.06e-2)—
6.2925¢-1 (5.08¢-2) —
6.2879¢-1 (2.42¢-2)—

8.058 6¢-1 (9.41e-2)—

9.437 2e-1 (3.75e-3)
8.993 4e-1 (2.20e-2)
8.857 4e-1 (1.90e-2)
6.967 9e-1 (2.95¢-2)

8.274 0e-1 (3.29¢-2)

w

[

WFG2 8

9.233 6e-1 (1.13e-3)—
9.744 4e-1 (2.08e-3) —
9.692 8e-1 (7.33e-3) —
9.538 7e-1 (4.98¢-3) —

9.443 Se-1 (2.43e-2)—

924971 (4.44e-3)—
9.7752e-1 (2.86e-3)—
9728 0c-1 (3.87e-3)—
9751 6e-1 (4.25¢-3) —

9.697 Se-1 (4.05e-3) —

9.2919e-1 (1.07e-3)—
9.8100¢-1 (2.96¢-3)—
9.7728¢-1 (1.07e-2)—
9.7903e-1 (1.22¢-2)—

9.704 3e-1 (8.91e-3)~

9.280 6e-1 (1.03e-3)—
9.840 Te-1 (2.58¢-3)—
9.7440c-1 (5.91e-3)—
9.518 6¢-1 (7.47e-3)—

9.624 5e-1 (1.09e-2) —

4.8493e-1 (9.47e-2)—
8.374 5¢-1 (8.85¢-2)—
8.798 4e-1 (9.95¢-2) —
9.308 0c-1 (4.05¢-2)—

8.703 Se-1 (6.50e-2) —

8.7779e-1 (9.44e-3) —
9.390 8e-1 (5.98e-3) —
9.4924e-1 (5.87e-3)—
9.526 6e-1 (6.64e-3) —

9.5669e-1 (8.20e-3) —

52602e-1 (5.08e-2)—
9390 le-1 (2.16e-2)—
9.4577e-1 (3.11e-2)—
9.527¢-1 (2.48¢-2)—

9.873 2e-1 (4.47e-3)+

9.328 3e-1 (1.58¢-3)
9.914 2¢-1 (1.17¢-3)
9.907 9e-1 (1.90e-3)
9.885 1e-1 (2.01e-3)

9.741 3e-1 (5.54e-3)

w

WFG3 8

3.639 8e-1(7.02e-3)—

5.6712e-2 (1.48¢-2)—

3.980 4e-1 (3.81e-3)+4

6.953 4¢-2 (3.860-2)—

3.905 8e-1 (5.98e-3) =~

1.0709e-1 (1.13¢-2)—

3743 0e-1 (5.33¢-3)—

1.5313e-1 (1.78¢-2) &

0.000 0e-+0 (0.00e+0)~= 0.000 0e+0 (0.00e+0)=~ 0.000 0e+0 (0.00e+0)=~= 0.000 0e+0 (0.00e+0)~

10 0.000 0e+0 (0.00e+0)~= 0.000 0e+0 (0.00e+0)~= 0.000 Oe+0 (0.00e+0)~2 0.000 Oe+0 (0.00e+0)~=

15

0.000 0e+0 (0.00e+0)~= 0.000 0e+0 (0.00e+0)~= 0.000 0e+0 (0.00e+0)~= 0.000 0e+0 (0.00e+0)~=

7.8810e-2 (4.24e-3)—

4.699 9e-2 (6.15e-3)— 0.000 0e+0 (0.00e+0) —

1.945 6e-1 (2.31e-2) —

3.9124e-2 (1.72e-2)—

6.176 8¢-6 (1.99¢-5)—

3.8664e-1 (8.47e-3)

1.464 8¢-1 (1.37e-2)

0.000 0e+0 (0.00e+0)=~ 0.000 0e+0 (0.00e+0)~= 0.000 0e+0 (0.00e+0)~= 0.000 0e+0 (0.00e+0)

0.000 0e+0 (0.00e+0)~= 0.000 0e+0 (0.00e+0)== 0.000 0e+0 (0.00e+0)== 0.000 0e+0 (0.00e+0)

0.000 0e+0 (0.00e+0)~ 0.000 0e+0 (0.00e+0)~= 0.000 0e+0 (0.00e+0)~= 0.000 Oe+0 (0.00e+0)

w

[

WFG4 8

5.457 le-1 (2.64¢-3)—
7.4037e-1 (4.12¢-3)—
8.419 0c-1 (5.64¢-3)—
8.3927¢-1 (4.68¢-3)—

8.702 5e-1 (7.49-3)—

5.5040c-1 (1.61e-3)—
7.658 le-1 (4.99¢-3)—
8.3128¢-1 (9.31e-3)—
8.5809¢-1 (7.33¢-3)—

8.967 2e-1 (1.49e-2)—

5.560de-1 (6.71e-4)+
7.7712e-1 (1.77e-3)—
8.742 le-1 (8.95e-3) —
8.7349¢-1 (1.06e-2) —

9.3243e-1 (1.08¢-2)—

5.5503¢-1 (6.42¢-4)+
7.865 2e-1 (2.00e-3)—
8.897 8¢-1 (4.06¢-3)—
8.921 5e-1 (6.12¢-3)—

9.5537e-1 (5.25e-3)~

1,138 0c-1 (4.50¢-2)—
1246 7e-1 (4.60e-2) —
1.0272¢-1 (2.94¢-2)—
1.051 0c-1 (3.06¢-2)—

1.3773e-1 (6.04e-2) —

4,695 5¢-1 (1.10e-2)—
5.7040e-1 (2.02¢-2) —
5.089 0c-1 (3.42¢-2)—
5.6063¢-1 (2.17e-2)—

4.083 5e-1 (2.90e-2)—

5.3503¢-2 (3.04e-3)—
7.6560e-1 (4.13¢-3)—
8.919 -1 (5.40e-2)—
9.142 le-1 (5.73¢-2)—

9.284 4e-1 (7.56e-3)—

5.523 4e-1 (1.60e-3)
7.920 0e-1 (3.06¢-3)
9.045 2e-1 (3.55¢-3)
9.212 1e-1 (5.74¢-3)

9.582 2e-1 (5.60e-3)

w

WFG5 8

5.148 7e-1 (7.58¢-4)—
7.2546¢-1 (3.53¢-3)—
8.2394e-1 (4.98¢-3)—
8.2029e-1 (5.99%-3)—

8.437 le-1 (5.53e-3)—

5.1441¢-1 (1.75¢-3)—
7331 le-1 (2.98¢-3)—
8.090 2¢-1 (4.36¢-3)—
8.299 3¢-1 (6.82¢-3)—

7.892 6e-1 (1.82e-2)—

5.1840e-1 (3.37¢-5)+
7.553 5e-1 (8.13¢-4)—
8.5454e-1 (1.12¢-3)—
8.6667¢-1 (3.48¢-3)—

9.056 Oe-1 (1.64e-3)—

5.1654e-1 (1.14e-3)~
7.575 6e-1 (8.13e-4)~
8.5804e-1 (1.39¢-3)—
8.8188e-1 (2.11e-3)—

9.122 0e-1 (8.46e-4)+

9.3493¢-2 (4.13¢-2)—
1.2599¢-1 (5.88¢-2)—
1.025 6¢-1 (3.94e-2)—
1.040 Te-1 (3.46¢-2) —

1.276 6e-1 (5.73e-2) —

4.6139e-1 (1.33e-2)—
5.970 1e-1 (1.99e-2) —
5.6803e-1(3.11e-2)—
5.943 6e-1 (1.96e-2) —

4.836 8e-1 (3.05e-2) —

5.087 5e-2 (4.33¢-3)—
7301 le-1 (2.67¢-3)—
8.4700c-1 (3.01e-3)—
8.3754e-1 (1.08¢-2) —

8.263 2e-1 (2.08e-2)—

5.167 6e-1 (1.08e-3)
7.5847e-1 (1.87e-3)
8.623 2e-1 (1.80e-3)
8.9319e-1 (2.62¢-3)

9.113 6e-1 (1.10e-3)

w

[

WFG6 8

5.190 7e-1 (3.15¢-3)—
7.1430e-1 (5.71e-3)—
8.3538e-1 (7.41e-3)—
8.095 2¢-1 (1.02¢-2)—

8.657 9e-1 (9.68e-3)—

5.2197¢-1 (3.70e-3)—
7.438 Te-1 (6.93¢-3)—
8.2428¢-1 (8.51e-3)—
8.4353¢-1 (1.12¢-2)—

8.7027e-1 (1.58¢-2)—

5.2629e-1 (3.91e-3)~
7.490 0e-1 (5.81e-3)—
8.579 3e-1 (6.44e-3)—
8.648 6e-1 (7.14e-3)—

9.288 9e-1 (8.52¢-3)—

5.2396¢-1 (5.19¢-3)~
7.590 le-1 (4.62e-3)—
8.667 e-1 (4.85¢-3)—
8.8849¢-1 (5.78¢-3)—

9.361 le-1 (6.13¢-3)~

1.417 le-1 (8.45¢-2)—
1,516 6e-1 (5.34e-2)—
1.2923¢-1 (4.77e-2)—
1.566 le-1 (6.15¢-2)—

1.4352e-1 (4.72e-2)—

4.463 5e-1 (1.91e-2)—
5.1590e-1 (2.73e-2)—
4.086 5e-1 (2.70e-2) —
4.3857e-1(2.78e-2)—

2.6642e-1 (3.12¢-2)—

4.784 1e-1 (1.43e-2)—
7.001 7e-1 (1.64e-2)—
8.2708e-1 (1.99¢-2) —
8.584 6e-1 (2.46e-2)—

8.4724e-1 (2.62e-2)—

5.245 le-1 (4.26¢-3)
7.666 8e-1 (5.43¢-3)
8.844 1e-1 (4.52¢-3)
9.080 1e-1 (4.86e-3)

9.383 6e-1 (5.28e-3)

WFG7 8

5.4842¢-1 (2.06¢-3)—
7.6527e-1 (2.96¢-3)—
8.866 6e-1 (6.21e-3)—
8.9253¢-1(6.69¢-3)—

9.3522e-1 (5.11e-3)—

5.5363¢-1 (3.30e-3)~
7.8412¢-1 (3.48¢-3)—
8.678 0c-1 (4.90e-3)—
9.0810e-1 (3.61¢-3)—

9.0152e-1 (2.16e-2) —

5.5712¢-1 (4.18e-4)+
7.9184e-1 (2.27e-3)—
8.988 7e-1 (4.80e-3)—
9.1028¢-1 (5.77e-3)—

9.721 5e-1 (3.15e-3) —

5.5513¢-1 (7.10e-4)+
7.965 5e-1 (1.20e-3)—
9.053 5e-1 (2.72¢-3)—
9.205 0e-1 (7.02e-3)—

9.7850e-1 (2.15¢-3) —

1345 le-1 (5.46¢-2) —
2.0842¢-1 (6.29¢-2)—
1.8550e-1 (6.75¢-2) —
23294e-1 (5.67e-2)—

1.756 6e-1 (5.53e-2) —

4.7394e-1 (2.79¢-2)—
5.7199¢-1 (2.92¢-2)—
4443 6¢-1 (2.99¢-2)—
4.9777e-1 (2.15¢-2)—

2.7202e-1 (4.67e-2)—

5390 le-3 (2.17¢-3)—
7.721 Te-1 (2.46¢-3)—
9.0067e-1 (5.87e-3)—
9.4537e-1 (3.46e-2)—

9.273 0e-1 (1.19e-2) —

5.5352¢-1 (1.34¢-3)
8.057 3¢-1 (1.59%-3)
9.255 0e-1 (1.69¢-3)
9.610 1e-1 (1.42¢-3)

9.819 3e-1 (1.84e-3)

w

v

WFG8

oo

o

4,964 le-1 (3.68¢-3)—
6.8842¢-1 (5.41e-3)—
7.6218e-1 (9.72¢-3)—
7.4139¢-1 (1.18¢-2)—

7.9273e-1 (1.54e-2)—

5.073 5e-1 (1.87e-3)+
7.165 6¢-1 (4.20e-3)—
8.003 0e-1 (5.81e-3)—
8.3359¢-1 (8.31e-3)—

8.850 le-1 (8.54¢-3)—

5.1420e-1 (1.21e-3)4
7.308 2e-1 (2.43¢-3)—
8.1912¢-1 (8.82¢-3)—
8.393 le-1 (1.22¢-2)—

9.107 7e-1 (1.15e-2)

5.1404e-1 (1.78¢-3)+
7.401 6e-1 (2.36e-3)+
8.2292¢-1 (4.99¢-3)—
8.448 Oc-1 (7.45¢-3)—

8.996 5e-1 (1.22¢-2)~

6.143 5¢-2 (1.89¢-2)—
7.1707e-2 (4.36e-2) —
2669 6e-1 (2.11e-1)—
4,160 6¢-1 (2.25¢-1)—

1.973 5e-1 (3.70e-2) —

42107e-1 (8.99¢-3)—
4598 Ie-1 (2.18e-2)—
2.8622e-1 (2.64e-2)—
3.1449¢-1 (2.49¢-2) —

2.4720e-1 (1.34e-1)—

9.408 5¢-2 (4.78¢-2)—
6.476 6¢-1 (3.85¢-3)—
7.6577e-1 (5.13¢-3)—
2.983 0c-1 (4.65¢-2)—

8.720 2¢-1 (7.15¢-3)—

5.038 0c-1 (2.17¢-3)
7.3379-1 (2.90e-3)
8.336 3e-1 (3.78¢-3)
8.625 1e-1 (5.27e-3)

9.0424e-1 (1.67e-2)

w

[

WFGY 8

S

[

5.123 0e-1 (2.24e-2)—
6.741 6e-1 (1.97e-2) —
7.4417e-1(2.52e-2)—
7.4759e-1 (1.41e-2)—

7.259 3e-1 (5.65e-2) —

5.2840¢-1 (2.47e-2)~
7.370 1e-1 (1.19¢-2) —
7.786 5e-1 (1.54¢-2)—
8.089 0c-1 (1.60e-2)—

7.7124e-1 (2.36e-2) —

5.074 le-1(2.52e-2)—
7.0562e-1 (1.75e-2)—
7.8209e-1 (1.84e-2)—
7.817 2e-1 (1.63e-2) —

8.1717e-1 (5.81e-2)=2

5016 le-1 (232e-2)—
7.0764e-1 (1.84¢-2)—
7.7803¢-1 (1.96¢-2)—
7.8073e-1 (1.81e-2)—

7.977 3e-1 (3.13e-2) —

1.846 le-1 (5.19¢-2)—
2389 8¢-1 (3.33¢-2)—
2.484 1e-1 (1.00e-1)—
5.798 le-1 (1.38e-1)—

1.708 8e-1 (3.31e-2) —

4.7843¢-1 (8.32e-3)—
6.0978e-1 (9.12¢-3)—
591991 (2.25¢-2)—
6.4357e-1 (1.79e-2)—

5.5310e-1(2.23e-2)—

4242 1e-1 (1.00e-1)—
6.849 8¢-1 (3.76¢-2)—
7.728 le-1 (4.53¢-2)—
8.461 3e-1 (1.14e-2)—

7.997 Oe-1 (3.33e-2) —

5.2398e-1 (2.69¢-2)
7.583 6e-1 (3.24¢-3)
8.3277e-1 (1.04e-2)
8.633 8e-1 (7.19¢-3)

8.361 8e-1 (2.65¢-2)

+/ =/~

0/42/3

2/38/5

4/33/8

5/30/10

0/42/3

0/42/3

1/41/3

T RORILERA T R ELE, =" FoRMEE S TR ENE, “~ 7 RN S TR AL REARIE.
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WFG1 MWFEG2 73 73 F AT 138 4w 22 | VR & S5 1) 1
MR W PR 7R IX P iR) @ 1, B 15 H FR B WFG2
4h, MaOEA/IS-DED 7 It 5 % 4% H A5 _E 2548 T HoAth
Xf LL B L. WEG3 B A 261 FUR AL I PR, T A SA7E
AbFEZIB A 7] R PE B — . WFG4 ~ WFG9 E A5 A
& ¥ VIR PF. MaOEA/IS-DED 7 1% &£ jii] £l I 3% B fi%
e, FJR DR T Iy (2, y) PR SR SO N3 T #5 5h 2%
FEEVPAik 100 A B ML S AR EL P A, 95 b e A 22 FE M BT
(48 2 07 17 USSR T B SE PR, O T o B R B 4%

30
25
20
15
10

value
value

1 3 5 7 9 11 13 15
dimension no.

1 3 5 7 9 11 13 15
dimension no.

ANBVE, S HVEAE 15 H A WEGY L3R 15 1 Fe & Rl i
H A S L B 2 B, B P2 W] 0, BT SR AR e A
PRI T PRAB BN ZHEEAEE 257 B
A h: VaEA Il MaOEA/IS-DED [ £ #£14%: #HL H REAF
FhFREAN A AR X 1) 5] Ha 43 41 T PF; NSGA-IIT. SPEA/R .
UIMaOTO 1 TS-NSGA-II i F AN 4 3= 224 47 -F PF
[()i21 5 5 2 o [6]; SPEA2-SDE. MaOEA-IGD Tt i i
T 35050 53 A 1430 H bR (1) PF.

, bk ik
e ‘AA\A'A A’A’A b ‘."

1 3 5 7 9 11 13 15
dimension no.

1 3 5 7 9 11 13 15
dimension no.

(d) SPEA/R

(a) VaEA (b) SPEA2-SDE (c) NSGA-II
30
25
L 20
s A
10 v/'\
5 A’ ‘Q"A A')
1 3 5 7 9 1113 15 1 35 7 9 111315 1 3 5 7 9 1113 15

dimension no.

(f) UIMaOTO

dimension no.

(e) MaOEA-IGD

& 2

3.4.3  BIETEMaF W3R 9 5 _E K2 He A

B SR AE B 0T 2 B ) i 0 4 ) 7 MaF1
~MaF10 I3 2] 7 HV #8 br ¥ E F br e 2, IR T 5
e, EL AR $AH 44 1. MaF1 fl MaF4 J2 38 i 43 51 & %
DTLZ1 1 DTLZ3 13 2|, 71X JE 1] @ |-, MaOEA/IS-
DED W &AL F H A 5k, 1X 2 i F A A v oR
(1) SR BB 1E A 5| SR AN AR, R AR L M 3 B ATV T
IR, MaF2 E. A [Y] ) PE, MaOEA/IS-DED % {4 % ¥l B
U AR T e At 593 SPEA2-SDE. MaF3 fll MaF5 B4
"y f¥) PF, MaOEA/IS-DED 7£ X % ] 8l | & 8 Hi 55 K
[ 4 #¢. MaF6 Al MaF7 ] PE 73 51 B A V11 SB AL
AR A GRAL P, 7E3X 4 5] @I, MaOEA/IS-DED
AR LI R IF. MaF8 1 MaF9 B A7 £& 1 Al B Ak 45
1) PF, MaOEA/IS-DED 7% K #43 ll ik 17] & |- Hu #5317
LT RE. X T PFORIRA AL MaF10 1 &, MaOEA/
IS-DED . T~ T X Fe B3,

g5 BATRN, T A A A T A8 IR 4R
DTLZ A1 WFG, i /& A #5158 Sz B A= 175 <2 s i 7258 F i)
iR 4E MaF, MaOEA/IS-DED #J' 3% Bl H 5 i 1) 38 4 1,
U BF BT H SRR T DU RO S A Wi st 5 2 1

1 3 5 7 9 11 13 15
dimension no.

(h) MaOEA-IS-DED

dimension no.

(g) TS-NSGA-II

FHEE 15 B WFGY ERBRIRLMBESH

P, B AR RIS B3 51 0 A T PR
3.5 IIEFTIRHBESAREE A RER I B

78735 o i b B MaOEA/IS-DED 5 & () %
T A Ak B3 SR 6 IF 22 T b P B SR M R T
B (12 DA M BR AL ) (0 R, I A AR ARy 1) A8
1 (MaOEA/IS-DED-v1): iZ A2 & 22 % 1 3 T 45 b5 1)
RS, H B 2N PSR IR N A
EE VAR DR ENT —18 22k 2
(MaOEA/IS-DED-v2): iZ AR LR B T 2 T b ik £
Femg, AR R )5S B BR QR B AR B T #2 3))
{10025 FEE VP AT M R ATL b S ok I e 22 P A4

T8t 02 5 8 B R P A AR SR TR 3R R HE (1
A A #3247 20 ERA3 HV (I Ge i 45 SR sk 4
Fin. B Ge v g ST i, B i SB0E TR BT A wld Il ik
ARG T R R T T AR IS, B ST
B R, E R 2, 250k I FRbRE Y % 07 )
B NARALI PR A AMA 5, A VA A RE M Z ARV
R T7 ) LIS PR AR R 21T 5, B %5 T FTik
H BV B DR, TSR B P 366 - P 5 0 A L ot i 2
TS, A SR M DT R R IS SSCE AT 2 A
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4 MaOEA/IS-DED FME AL A 2 A0 Bl LIRS HV ERV R TR

problem m MaOEA/IS-DED-v1 MaOEA/IS-DED-v2 MaOEA/IS-DED
DTLZI 10 5.487 3e-1 (3.39%¢-1)— 6.8853e-1 (3.48¢-1)— 9.997 0e-1 (3.30e-5)
15 6.8562e-1 (2.77e-1)— 3.672 1e-1 (3.29%¢-1)— 9.998 1e-1 (1.28e-4)
DTLZ3 10 2.4023e-1 (2.81e-1)— 0.000 0e+0 (0.00e+0)— 9.687 0e-1 (2.70e-3)
15 4.3722e-1 (7.82e-3)— 0.000 0e+0 (0.00e+0)— 9.780 Se-1 (5.67¢-3)
WEGI 10 5.390 1e-1 (3.29e-3)— 4.4706e-1 (4.81e-2)— 7.063 8e-1 (2.58e-2)
15 5.126 0e-1 (2.32e-2)— 3.261 le-1 (3.42e-2)— 8.324 5e-1 (3.83e-2)
WFGY 10 2.4732e-1 (6.47e-2)— 0.000 0e+0 (0.00e+0)— 8.669 7e-1 (7.22¢-3)
15 4.73 2e-1 (3.23e-2)— 0.000 0e+0 (0.00e+0)— 8.316 7e-1 (2.04e-2)
MaF3 10 4.957 3e-1 (2.41e-1)— 0.000 0e+0 (0.00e+0)— 1.000 Oe+0 (5.86e-6)
15 2.2943e-1 (3.72e-1)— 0.000 0e+0 (0.00e+0)— 9.990 6e-1 (7.06e-4)
MaF10 10 3.2357e-1 (1.48e-2)— 1.037 5e-1 (2.53e-2)— 8.604 4e-1 (3.40e-2)

a
15 0.000 0e+0 (0.00e+0)— 0.000 0e+0 (0.00e+0)— 9.982 3e-1 (7.29¢-4)
+/—/= 0/12/0 0/12/0

“47IORILEREL T TR SIE, =" RN MRS T TR E0A, ¢

5 AT, B T HR RS 0 8 R SRR RN B TR B 1)
JEE PEAS I B2 AL 1 % - MaOEA/IS-DED 3K fift i 4k % H
PR ] A 28 O EE L 1), e AT TR BT 45 A AN AT A
BRI SR AR = 2 2 H AR LA IR R R 70, i B AT DA
A R AL AR R SR AT 2 R
4 & @

Bt 2 8m gk 2 B AR B AT e iR A KT i
FHBECSPE S 2 PR 1 1) 8, A SO T — Rl T
T b 126 95 R0 5 R VT ik ) B 1 o 4 22 E b gk A B
(MaOEA/IS-DED). @ i ¥ i fl & 72T I, fahrik
P A AN L T 82 2 10 %5 B2 DAk I BRATL 1) A PR S5 %,
LR B A A S SO AN 22 R I B A A, g A e T
MaOEAs 3K fi# MaOPs I 473 TG~ MU sl it 5 2
PV () M 8. [R) B, T sk ) R 3 1 I I8 8L R A
F(z) U ST % 30 1) % BEVEAS s 8 D (), B0t 17—
TG b B VT T 16 £ S, FH T4 B B Bkl b 9 52
AR, DU AR i i AR, B — PR R I R R

S 25 A B A b T AR R, TR R R A
N2 A% ) DTLZ A1 WEG 3t 48, 38 2 4 B 8 Ry
F30 S B 7] 1) MaF KA, P 4 R0 VE R 30
BRI SE S 7, UL TR AR IR 1 SR e A T35
PEA PR R R AL ) BE A 20~ Fo B g e Sl 5 2 A
P, i — AR i 8 L3 2 73 4 T PF.
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