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Decomposition based many-objective evolutionary algorithm based on
minimum distance and aggregation strategy

LI Erchao’, LI Kangwei
(College of Electrical Engineering and Information Engineering, Lanzhou University of Technology, Lanzhou Gansu 730050, China)

Abstract: Concerning the issue that the selection pressure of Pareto control based many-objective evolutionary algorithm
is reduced when solving the problem of high-dimension and the diversity of the population is reduced of many-objective
evolutionary algorithm based on decomposition when improving convergence and distribution, a decomposition based many-
objective evolutionary algorithm based on minimum distance and aggregation strategy was proposed. Firstly, the angle
decomposition based technique was used to decompose the target space into a specified number of subspaces in order to
improve the diversity of population. Then, the method of cross neighborhood based on aggregation was added in the process
of generating new solution, making the generated new solution closer to the parent solution. Finally, the convergence and
distribution were improved by selecting solutions in each subspace based on minimum distance and aggregation strategy in
two stages. In order to verify the feasibility of the algorithm, benchmark functions ZDT and DTLZ were used to conduct
simulation experiments. The results show that the performance of the proposed algorithm is superior to those of the classical
MOEA/D (Multi-Objective Evolutionary Algorithm based on Decomposition) , MOEA/D-DE (MOEA/D based on Differential
Evolution) , NSGA-II (Nondominated Sorting Genetic Algorithms Il ) and GrEA (Grid-based Evolutionary Algorithm). It
can be seen that the proposed algorithm can effectively balance convergence and diversity while improving diversity.
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Tab. 2 Average IGD, average HV mean and standard deviation of five algorithms on DTLZ test set
" _ MOEA-TDA MOEA/D MOEA/D-DE NSGA-II GrEA
PREC PERESE bR — — — — —
B brifE 2 JIE brifE 2 ¥H b2 JIE ik 2 el brifE 2
ZDT1 1GD 2.955E-3  7.71E-5 5.408E-3 3.68E-4 2.657E-2 1.33E-2 5.106E-2 2.96E-2 6.231E-2 1.10E-2
HV 8.721E-1 6.62E-4  8.666E-1 1.05E-3 8.359E-1 1.12E-2 8.278E-1 1.97E-2 7.758E-1 2. 14E-2
702 1GD 3.172E-3  9.99E-4  3.685E-3 1.03E-3 2.955E-2 5.98E-3 8.988E-3 3.76E-3 6.545E-3 3.75E-4
HV 5.386E-1 2.58E-3 5.372E-1 2.50E-3 4.888E-1 1.08E-2 5.246E-1 9.69E-3 5.353E-1 3.91E-4
7DT3 1GD 1.261E-2  9.67E-3  5.781E-2 4.81E-2 1.129E-1 2.12E-2 1.434E-2 1.23E-2 1.638E-2 1.11E-2
HV 1.006E+0  1.43E-2  9.467E-1 5.80E-2 8.638E-1 1.56E-2 1.001E+0 1.15E-2 1.014E+0 1. 18E-2
JDT4 1GD 3.048E-3 5.06E-4 1.438E+0 7.05E-1 3.733E-1 1.23E-1 3.985E-1 1.23E-1 6.488E-2  2.93E-2
HV 8.721E-1 1.21E-3  3.474E-2 7.14E-2 3.926E-1 1.32E-1 3.439E-1 1.24E-1 7.735E-1 4.56E-2
7DT6 1GD 2.289E-3 2.63E-5 4.005E-3 1.15E-3 2.808E-2 3.25E-2 2.526E-1 1.32E-1 7.777E-2 1.37E-2
HV 4.338E-1 1.02E-5 4.318E-1 2.08E-3 4.081E-1 3.09E-2 1.426E-1 8.81E-2 3.219E-1 1. 94E-2
R3 SHETAEDTLZ WIS M FHICD HERR#EE
Tab. 3 Average IGD mean and standard deviation of five algorithms on DTLZ test set
kL M MOEA-TDA MOEA/D MOEA/D-DE NSGA-II GrEA
¥y brifE 22 ¥y brifE 2 ¥Mg brifE 2 ¥E brifE 2 ol brifE2E

3 1.073E-2  1.69E-5 2.678E-2 3.24E-5 1.267E-2 9.89E-6 3.135E-2 3.46E-3 2.125E-2 3.45E-3
5 5.046E-2 6.53E-4 6.198E-2 2.39E-4 5.245E-2 4.20E-4 1.144E-1 3.84E-3 1.370E-1 3.65E-2
DTLZ1 6 6.593E-2 8.02E-4  8.192E-2 9.25E-4  6.594E-2 7.98E-4 3.431E-1 6.27E-2 7.747E-2 4.28E-2
8 2.756E-1 1.23E-3  1.412E-1 6.35E-4 1.089E-1 6.23E-4 2.906E-1 3.57E-2 3.125E-1 6.43E-2
10 1. 151E-1  3.21E-3 2.837E-1 6.79E-4 1.075E-1 1.36E-3 1.533E-1 9.34E-4 3.772E+0 3.51E-2
3 2.815E-2  8.37E-5 3.288E-2 3.76E-4 3.076E-2 7.18E-6  3.479E-2 1.24E-4 5.277E-2 1.29E-3
5 1.565E-1 1.03E-4 1.742E-1 7.92E-4 1.987E-1 3.57E-4 1.924E-1 3.87E-4 1.726E-1 3.26E-3
DTLZ2 6 2.105E-1 7.94E-5 2.250E-1 9.17E-4 2.634E-1 6.86E-4 2.591E-1 6.51E-4 2.192E-1 5.37E-3
8 3.743E-1 8.52E-5 3.824E-1 7.03E-4 3.974E-1 7.35E-4 8.026E-1 1.67E-2 3.696E-1 2.71E-3
10 3.595E-1 1.25E-4 3.631E-1 1.09E-3 3.831E-1 9.23E-4 9.237E-1 1.06E-1 4.241E-1 9.98E-2
3 3.152E-2  3.57E-4 3.783E-2 3.51E-4 3.763E-2 3.05E-3 4.917E-2 2.59E-3 6.903E-2 1.67E-2
5 2.286E-1 8.81E-4 2.981E-1 6.18E-4 4.149E-1 1.29E-2 3.562E-1 7.15E-3 9.372E-1 3.82E-1
DTLZ3 6 1.657E+0  8.36E-4  4.281E+0 9.16E-4 4.984E+0 6.94E-1 2.367E+0 8.43E-3  7.718E-1 1.36E-1
8 3.456E+0 1.03E-3 3.882E+0 1.00E-3 3.698E+0 3.54E-1 4.397E+0 2.94E-2 1.220E+0 6.28E-1
10 5.795E+0  9.39E-2  7.929E+0 2.37E-3 4.359E-1 2.94E-2 4.444E+0 6.58E-2 1.689E+0  6.81E-1
3 2.812E-2  1.28E-5 3.268E-2 2.18E-5 3.074E-2 1.66E-5 3.762E-2 1.53E-4 7.070E-2 2.35E-3
5 1.586E-1 5.39E-5 1.729E-1 9.56E-5 1.731E-1 1.00E-4 1.749E-1 6.83E-4 1.645E-1 1.05E-2
DTLZ4 6 2.112E-1  9.07E-5 2.313E-1 2.57E-4 2.265E-1 3.12E-4 2.295E-1 8.39E-4 2.178E-1 3.75E-3
8 3.787E-1  2.25E-4 3.869E-1 4.23E-4 3.786E-1 3.77E-4 4.206E-1 3.19E-3 3.798E-1 1.67E-2
10 3.662E-1 3.77E-4  3.562E-1 4.52E-4 3.755E-1 3.28E-4 6.076E-1 7.29E-3 4.779E-1 6.35E-2
3 1.744E-2 1.69E-7 1.766E-2 3.56E-7 1.756E-2 3.95E-5 4.834E-3 4.43E-4 2.153E-2 3.17E-4
5 2.253E-2  6.27E-6 2.246E-2 3.92E-6 2.253E-2  8.83E-6 2.925E-2 9.16E-3  1.226E-1 5.21E-2
DTLZ5 6 2.733E-2  9.33E-6 2.708E-2 4.39E-6 2.688E-2 2.79E-5 3.615E-2 4.83E-2 1.954E-1 9.26E-2
8 6.839E-2 1.29E-5 6.861E-2 3.38E-5 6.856E-2 2.87E-5 4.733E-1 6.13E-2 3.524E-1 7.39E-2
10 6.608E-2 2.91E-5 6.609E-2 6.81E-4 6.609E-2 5.39E-4 3.319E-1 2.48E-1 2.617E-1 9.11E-2

S F 4k HbRf A inlE, i3 2 H i AR 2 (IGD)
FUBRFL(HV) 7] LI ), MOEA-TDA 5 HoAth 4 Fh 25 gy 41
AR SR A 22 R D A AR K IR T, S X T ZDT4 ik
(] 5, A IR 25 Ry 3, (H S T ZDT 1 3k [ AU SR v
ZDT4 R W 5, 3 338 B MOEA-TDA X T fif 1Al 24 oA B
AN AR ) R BEAT AR 4R T, X 2 T4 — B BE Ik T i
/IN I A S 26 O S S AT Ak R v e AR RS RE . W T
ZDT2, Fr$ 3 A s R T A B 3 | IR % Bk o i 42 1
RO ) Rt [RIRERE . TR 5019 ZDT6 , iZ A it it
T H AT H R DR R e AU A DR 4 5 R A
MR PR, (HSEXT T ZDT3 X SRS ik [ @ n &, R4S
TR RE NS OB R 2R HR R AR SE IS B L
SR b PN TR IS s b A Y R ] AR 2 A0 A A
B, AE T A BE it b 2 i) ) a7 e 25 (1 i T IR 22 3t 5 1)

R [ d 25 2 5 3 53 B bR as (B0l R Hp, AT {6 35 26 4
T[] 1 D it ) g, PR XS T i I T2 17 ) RS I R A
AR AE 22 0] DLE 1, Bk 0 G iR e BT, I DL R
MOEA-TDA 7£ ZDT M ia04E I B 0 T Hifth 4 S8 2 AR

XF T DTLZ Z 55 R 54, 158 A PR e 48 45 R tHEA R 25 16D
AR HV FoR g Rk 3 k4, ML, hE3TLE
W, B 7E MOEA-TDA 78 &5 4 7] 80 I o B R4, % F
DTLZ1 {3 ) B8 17 55, B SR IS S0 38 T %5 /08, ifii HL AR X F
NSGA-IIL F1 GrEA fe A ff 42 4347 B2 457, {1 & MOEA/D-DE
X DTLZ1 8. 10 HFRZCE e MOEA-TDA B, 1 I i% 5 i %
S LA 1030 o 1 ik 4 A D03 ) R B AT — s A 7L (HJR I
FEWEXT T DTLZ1 (7] B 2 H A 248 5000 14 0 205 8 87 9 55 o
22 3~4 0] LA Y, %1 T DTLZ2,, A5 2 125 4k 0] 15034 S I 4k [
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Tab. 4 Average HV and standard deviation of five algorithms on DTLZ test set

W M MOEA-TDA MOEA/D MOEA/D-DE NSGA-I GrEA

HE e ofiss i HE e HE e HE e

3 1.425E-1 3. 84E-7 1.287E-1 6. 89E-6 1.413E-1 7.29E-6  1.342E-1 1.51E-3 1.276E-1 3.59E-4

5 4.926E-2 4.83E-6 5.647E-3  4.95E-4 4.899E-2 3.87E-4 3.953E-2 9.27E-4 4.394E-2 7.13E-2

DTLZ1 6 2.740E-2  9.37E-6 1.743E-3  7.38E-4 2.732E-2  5.23E-4 1.073E-2 2.59E-3 2.694E-2 5.29E-2
8 6.909E-3  2.49E-5 8.295E-3 9.58E-4 8.226E-3 8.26E-4 5.100E-3 1.05E-2 5.323E-3 2.73E-2

10 2.531E-3  9.54E-4 2.181E-3  3.46E-4 2.517E-3  7.24E-3 1.008E-3  3.49E-2 0.000E+0 0. 00E+0

3 7.724E-1  3.83E-6 7.507E-1 1. 06E-5 7.557E-1 2.49E-4 7.628E-1 3.57E-5 7.542E-1 3.89E-4

5 1.299E+0 1. 08E-5 1.214E+0  7.95E-4 1. 121E+0  1.64E-3  1.092E+0 9.63E-5 1.303E+0 5.27E-4

DTLZ2 6 1.540E+0  1.04E-4 1.478E+0 2. 10E-3 1.316E+0  8.31E-4 1.223E+0 3.62E-4 1.542E+0 1.02E-3
8 1.930E+0 3.49E-4 1.902E+0  3.85E-3 1.575E+0 2.13E-3 1.376E+0 5.54E-2 1.924E+0 6. 68E-3

10 2.476E+0  7.94E-4 2.472E+0  3.44E-3 2. 141E+0  6.39E-3  1.854E+0 2.73E-1 2.511E+0 3.24E-3

3 7.730E-1 5.374E-4 7.441E-1 8.94E-4 7.353E-1 2.86E-3 7.083E-1 9.30E-4 7.383E-1 1.76E-2

5 1.302E+0  3.23E-3 1.113E-1  6.384E-3 1.023E+0 7.49E-2 1.296E+0 5.94E-3 2.220E-1 8.41E-2

DTLZ3 6 2.155E+0  8.94E-3 1.116E+0  3.21E-1 1.965E+0  6.37E+0 1.238E-1 2.19E-3 5.440E-1 2.51E-1
8 1.334E+0 1.11E-2 9.348E-1  1.57E+0 0.000E+0  0.00E+0  2.507E+0 3.33E-2 1.942E-1 4.31E-1

10 0.000E+0 0. 00E+0 0. 000E+0 0. 00E+0 1.808E+0 3.81E-3 2.114E+0 8.39E-4 1.948E-1 3.62E-1

3 7.730E-1  2.59E-4 7.510E-1 3.43E-4 7.580E-1 4.36E-4 7.602E-1 9.37E-6 7.296E-1 3.62E-3

5 1.286E+0  6.94E-4 1.246E+0 9. 64E-4 1.241E+0  1.53E-3 1.236E+0 6.33E-5 1.304E+0 7.62E-3

DTLZ4 6 1.533E+0 1. 03E-3 1.474E+0  3.28E-2 1.495E+0 9.15E-4 1.465E+0 2.58E-4 1.541E+0 5.19E-2
8 1.937E+0  9.73E-4 1.944E+0 1.12E-3 1.916E+0  6.35E-3 1.518E+0 4.62E-4 1.863E+0 3.76E-2

10 2.483E+0  4.85E-3 2.499E+0 3. 84E-2 2.461E+0 1.96E-2 2.481E+0 4.11E-4 2.195E+0 8.96E-3

3 1.274E-1 7. 63E-6 1.273E-1  2.79E-6 1.273E-1 3.56E-6 1.326E-1 8.59E-3 1.252E-1 3.94E-4

5 9.095E-3  9.29E-5 9.041E-3  8.24E-6 9.066E-3 6.59E-6 8.165E-3  5.34E-3 7.319E-3 1.37E-2

DTLZ5 1.615E-3 1. 08E-4 1.613E-3  1.39E-4 1.609E-3  7.22E-4 1.153E-3 1.86E-2 1.253E-3 8.61E-2
1.929E-5 6.51E-6 1.927E-5  4.29E-4 1.924E-5 2.56E-5 1.873E-5 4.38E-2 1.595E-5 6.43E-2

10 6.198E-8 3.25E-5 6.194E-8  3.24E-4 6.165E-8 3.11E-5 2.147E-8 7.94E-1 8.948E-9 4.63E-2

NSGA-TI Rk e 2 Btk Bk, B4 6 THEX
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Tchebycheff 215 B (1) 55t fif 48 50 4547, 3 22 ARk fg i
PRARTEL, FE AR SO T 548 H i 305 P4 — BOR H PBLIY
REFE NIRRT, 5HAILA X LM,
MOEA/D-DE P45 38R , 3 /& i1 FINA 2= a4k i JE A, i
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