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Improved NSGA-II Algorithm Based on Loser Group and Hybrid Coding Strategy
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Abstract The congestion coefficient operator of NSGA-II in elite selection can not optimize the distribution of local
congestion area effectively,and some individuals closer to Pareto optimal solution set will be eliminated. An improved al-
gorithm based on loser group and hybrid encoding strategy (LGHC-NSGA-II) was proposed to overcome the shortcoming
that excellent individuals are not retained in the congestion coefficient operator. Referring to the double-losing elimina-
tion system in chess games,an external archive set of loser group is constructed. After the iteration,the archive set is
merged with the last generation parent population,and the distribution coefficient is optimized by cyclic congestion coef-
ficient ranking strategy. At the same time,a hybrid coding strategy was proposed to overcome the shortcomings of tra-
ditional coding methods in global or local space, which effectively improves the convergence of the algorithm. The test

results on ZDT series problems show that the improved algorithm is superior to eight multi-objective evolutionary algo-

rithms in convergence,distribution and robustness.
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Fig. 1 Screening defects of crowding coefficient operators(I)
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Fig. 2 Collaboration process between population and loser group
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Fig. 3 Optimization of progeny population of loser group archive set
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Fig. 4 Screening defects of crowding coefficient operators(II)
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Table 1 Comparison of IGD mean values of different algorithms
NSGA-II peMOPSO SMPSO MOEA/D-DNS MOEA/D HEIA DHMOP LGHC-NSGA-TI
ZDTI1 1.09X107%  4,08x10~ %  5.93x10 ° 5.70X10° 5.50X107°  3.90x1073  4.60x10° 3.98X10 %
ZDT2 1.25X10°%  4.19%10°°  5.33x10 ° 4.10x10° 7.90X107%  3.96X10 %  4.80x10 ° 3.94%x 103
ZDT3 6.74X10 °  3.39%X10 %  5.10x10 ° 3.00X10 ° 1.43X10°%  4.43%X10°°  1.05%x10 2 2.88%107°
ZDT4 2.32X10 ! 1.84X10°2  6.02x10 ° 5.21x10 2 7.60X10 % 3.84x10 %  7.50x10 ° 3.71x1073
ZDT6 1.03X10° %  3.67X10° %  4.43x10 ° 2.80X10° 4.20X10°°  3.02x10"°  1.90x 10" % 3.78X10 %
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Table 2 Comparison of IGD variances for different algorithms
NSGA-II peMOPSO SMPSO MOEA/D-DNS MOEA/D HEIA DHMOP LGHC-NSGA-II
ZDTI1 9.99x10° % 2.41x10°*  2.60x10 " 6.00x10 * 2.00X10" % 6.75X10°°  3.00x10 ¢ 3.90%x10°°
ZDT2 1.19x10 % 1.77x10 * 1.70x10 * 4.00%x10 * 1.09X10 2  5.23x10 °  6.00%x10 * 2.87%x10°°
ZDT3 4.12x10°%  1.04x107%  7.30x10 ¢ 3.00%X10* 9.10X10 % 5.41x10°°  9.40x10 ° 4.03%107°
ZDT4 1.67x107 1 2.26X107%  4.30x10"* 4.79%107 2 2.30X107%  2.00x10" % 2.50x10° 4.66%10°°
ZDT6 1.04X10 %  4.00x10 * 3.00x10 * 0.00 3.00X10 * 1.29x10 * 1.00x10 * 3.39X10 °
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Table 3 Comparison of A mean and variance of different algorithm

NSGA-II INSGA-TI LGHC-NSGA-II
ACavg) A(var) ACavg) A(var) ACavg) A(var)
ZDT1 7.35X10° 1 4.99x10° % 2.41x107'  1.70x107%  2.04x10”'  8.08x10 °
ZDT2 8.09x10° " 3.02x107%  4.01x10" '  1.59%x10° '  2.09x10°' 6.74x1073
ZDT3 9.07x10° ' 3.69x10°% 5.70x10° ' 1.36x107° 4.56x10° ' 7.17x10 °
ZDT4 9.45x10 1 2.80x10°%  5.36x10 ' 1.20x10 ' 2.07x107'  4.81x1073
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Table 4 Comparison of GD mean value and variance under four coding modes
NSGA-TIC = #F #] 4 #5) NSGA-TICH# F # % ) NSGA-TIC 5 % 4 7)) NSGA-TICGE & % #)
GD(avg) GD(var) GD(avg) GD(var) GDC(avg) GD(var) GD(avg) GD(var)
ZDT1 6.93x10° 1 7.08x107°  3.29x10° "  2.04X107°  3.25%x10° ' 3.25%X10°°  6.11x107°  7.37x107°
ZDT2 7.03X10° Y 7.25%10 % 3.01x10 ' 5.92X10 °  2.53X10 Y 4.80X10 °  4.77x107°  9.42x107°
ZDT3 3.24x10° 1 2.52x107°  2.18x10° ' 1.30X107°  1.74X10° '  9.82X107° 5.67x10°° 2.63x107°
ZDT4 2.68X10° 2 2,07X10 2  8.72X10°°  8.03Xx10 ° 9.36X10 %  6.04X10 ° 3.89x10°° 3.87x10°°
ZDT6 8.03X10°  7.19X10 % 1.55x10°°  7.95X10°° 9.87x10 % 5.10x10 ° 7.93x10°% 1.37x107°
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Table 5 Comparison of IGD mean values under different archives sizes
25 50 75 100 150 200 100 800
ZDT1 566107 °  5.51X10°°  5.13X10°°  4.88X10°°  4.28X10 %  3.98X10 %  3.97Xx10 %  3.97x1073
ZDT2 5.67X10 % 5.23X10 % 4.97x10 °  4.85%X10 °  4.05X10 °  3.94x10 ®  3.94%X10 °  3.93x10° 3
ZDT3 1.96X107°  3.81X10°°  3.42X10°°  3.59%X10° %  3.10X10 °  2.88x10 °  2.88x10 °  2.87x107°
ZDT4 6.74X107°  6.09X10°°  4.84X10°°  4.27X10°°  3.97X10 %  3.71X10° %  3.68X10 °  3.67x1073
ZDT6 6.01X10 °  4.80X10 %  4.34X10 °  3.96X10 °  3.84X10 °  3.78X10 °  3.76X10 °  3.76%x10 3
F 6 [N RY AR KN A A ) - 2 4 A X b e HE 7 SR W 0 A5 3 M e M DL AT F — 20 AR Ak, HL VAR 4R R
Table 6 Comparison data of time averages under different archive A 200 B B A Al A8 s ol 38 I S AR AR ROR , Rt M 3B
set sizes AT AR AL S5 S ok L 0 A 4 LB 3 3% 200 B 351k 19 R B0
AL o) Btk S0 s AL IRUE T 2. 2 9 bR A IR 1 T
25 50 75 100 150 200 400 800 LEHIE A SCAE N NSGA-TT By 3 35 2 508 T 70 85 0 i
ZDT1 5.74 6.33 6.66 6.84 7.32 7.70 12.2 27.2
/7 S y S 3
IoT2 age s sa7 65 Tl 78 1n1 oss TR PR G 9 T O RSN DR L R T AT R
ZDT3 5.67 6.20 6.31 6.89 7.59 8. 11 13.4 28.9 R4 55 35 R SR SR T SCERC 10+ RO 46 B B R ACHE T O
ZDT4  3.22 3.33 3.48 3.66 4.07 5.17 10.4 24.2 /Z{lﬁjﬂXTﬁ%ﬁﬁEﬁﬁ'ﬁ?ﬁ%mﬁo Iﬂﬁv*i%ﬁ?*ﬁ"["i
ZDT6 3.05 3.26 3.72 4.16 4.36 4.90 8.88 20.5
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