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Dual Direction Vectors-based Large-scale Multi-objective Evolutionary Algorithm

HAN Lijun, WANG Peng, LI Ruixu and LIU Zhongyao

College of Computer and Control Engineering, Yantai University, Yantai, Shandong 264005, China
Abstract The decision space dimension of large-scale multi-objective optimization problems is up to hundreds of dimensions. It is
extremely challenging to achieve fast convergence in the huge search space while efficiently maintaining the diversity of the popu-
lation. To address the above problems,a dual direction vectors-based large-scale multi-objective evolutionary algorithm(DDLE) is
proposed in the paper. The main idea of the algorithm is to utilize two different types of direction vectors to guide the population
evolution and improve the search efficiency of the algorithm. First,a convergent direction vector generation strategy is designed to
improve the convergence speed of the algorithm. Second,a diversity direction vector generation strategy is introduced to enhance
the diversity of the population. Finally,an adaptive environment-based selection operator is proposed to dynamically balance the
convergence and diversity in the process of population evolution. To verify the performance of DDLE, it is compared with five
state-of-the-art algorithms in experiments on 72 large-scale benchmark test problems. Experimental results show that DDLE has
a significant advantage over other compared algorithms in solving large-scale multi-objective optimization problems.

Keywords Evolutionary algorithms, LLarge-scale multi-objective optimization, Dual direction vectors, Convergence direction vec-

tor,diversity direction vector
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Table 2

Statistics of IGD values obtained by five comparison algorithms and DDLE on 500-D,1000-D,1500-D,

and 2000-D 2-Objective LSMOP1—9 test problems

AR E A B AR FLEA LSMaODE S3CMAES LMOCSO CCGDE3 DDLE
500 6.4316Xx10! 3.6100 4.1074X10 1.2966 4.9068 6.1841X107!
(6.19X10 %) — (1.10) — (2.49X10) — (6.89X107 %) — (3.74X10 1) — (3.03X1072)
1000 6.4582x10 ! 5.8085X107! 2.3286X10 1.5624 6.8720 6.0026X10 !
LSMOP1 (3.67X10" %)= (6.80X1072)= (1.64>X10) — (6.14X107 %) — (4.79%107 1) — (3.91X10°2)
1500 6.5238X10! 1.2279 3.3668X10 1.6171 6.8467 6.2372X107!
(3.86<102)— (1.93x10 1) — (2.23X10)— (4.92X10 %) — (2.91x10 1) — (3.59X1072)
2000 6.4758 X101 2.0768 2.7778X10 1.6656 6.7844 6.1739X 101
(3.81X10 2)— (2.63x10 1) — (1.99X10) — (5.44X107 %) — (2.86x10 1) — (4.21X1072)
=00 2.0873X10 2 5.5827X10 2 5.0124X10 ! 4.6587X10 2 7.2082X10 2 1.7997X 102
(1.78X107 %) — (1.17X107 %) — (1.30X107 1) — (1.02X10 %) — (1.09X107%) — (6.91X10™%)
1000 1.4142X102 3.6800Xx102 4.2979x1071 2.6054x1072 3.9799X1072 1.0056X1072
LSMOP?2 (3.73X10 %) — (4.22X10 4 — (8.17X10 %) — (5.35X10 4 — (5.24X10 4 — (2.61X10™%)
1500 1.6007 X102 2.6704 X102 4.7409X 1071 1.8622X10"2 2.7876X10 2 7.5147X1073
(4.93X10 3)— (1.99X10 %) — (9.26X10 2)— (3.19x10 %) — (3.13X10 *)— (2.01X10™%)
2000 1.3580x10 2 2.1307X10 2 4.5646x10 ! 1.4784x10 2 2.1763X10 2 6.2225X1073
(3.52X107 %) — (2.32X107 %) — (9.75X10%) — (2.64X107 %) — (3.04X107 %) — (8.00X1075)
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AR E A B bR E FLEA LSMaODE S3CMAES LMOCSO CCGDE3 DDLE
00 1.5670 5.2511 3.6183x10° 2.0349X10 2.5828X%10 1.5672
(9.10X107%) = (1.59) — (4.43X10%) — (4.44%10)— (1.70) — (1.51x10™ %)
1000 1.5761 3.2510X10 2.3486X10° 4.9630X%10 2.9623X10 1.5738
LSMOP3 (1.23X1072)— (2.43X10) — (2.89X10°) — (1.28X10%)— (1.09) — (1.68X10™%)
1500 2.6990 1.3928x 102 2.7783X10° 1.9367 X102 3.0717X10 1.5760
(3.29) — (1.50X10%) — (3.81X10%) — (7.65X10%) — (1.0 — (1.39X10™%)
2000 4.3125 3.5200X 102 2.2605x10° 7.2349X10 3.2000X10 1.5770
(4.68)— (2.47X10%)— (3.09X10°) — (1.71X10%) — (1.08)— (2.34X10™%)
00 5.5609X102 4.8214X1072 5.2250X10"! 9.1620x10"2 1.1677x10! 5.0490X10"2
(2.70X1073)—  (3.41X1073) +  (1.69x10 1) — (8.14X10" ) — (1.40X1073) — (2.08X107%)
1000 3.2920X10 2 4.8021x10 2 4.8316x10 1 5.3316x10 2 7.1053X10 2 2.6942X 1072
LSMOP4 (2.09X10 %) — (1.70X10 %) — (1.18%10" 1) — (5.64X10 %) — (1.66X10 %) — (9.74X1074%)
1500 2.5279X10 2 4.1769x10 2 4.6489 <10 ! 3.8578X10 2 5.2145X10 2 1.9419x10 2
(2.83X10 %) — (1.03X10 %) — (1.21x10" 1) — (2.59X10" 1) — (1.48X10 %) — (1.12X107%)
2000 2.2194X1072 3.6587x10"2 4.7114Xx 1071 3.0438%1072 4.1247X102 1.4883X1072
(2.31X10 %) — (6.71X10 4 — (1.06X10" 1) — (2.38X10 ) — (1.30X10 %) — (5.21X10™%)
00 7.4209X10 ! 2.5430X 107! 9.5423X10 2.8381 1. 144 8% 10 7.4209X10 "1
(3.39X10710) = (4.26X1072) + (6.52X10)— (1.64X10" 1) — (8.21x107 1) — (3.39X1016)
1000 7.4209X 107! 1.2658 7.1704 %10 3.3124 1.2984X10 7.4209X 107!
LSMOPS (3.39X10716)= (2.52X10 1)— (5.48X10) — (1.44x10 1) — (9.88x10 1) — (3.39X10716)
- 1500 7.4209X107! 2.5398 8.6722X10 3.5221 1.3472X10 7.4209X107!
(3.39X10716) = (4.14X10 1H— (5.92X10) — (1.65x10 1) — (1.01)— (3.39X10716)
2000 7.4371X1071 4.6449 7.9174X10 3.5130 1.3895X10 7.4209%X107!
(8.87X10 %)= (7.02X10" 1) — (4.97X10) — (1.53x10" 1) — (8.33x10 1) — (3.39X10716)
=00 3.5858X10 ! 1.6231 1.0076> 108 7.9353X10! 8.1335x10 ! 3.0488X 107!
(1.52x10"H= (2.86)— (8.15X10%) — (5.82X10 %) — (2.47X10 %) — (3.63X1072)
1000 3.9433X10 ! 1.0051x 102 5.5475X10° 7.7063X10" 1 7.7518Xx1071 2.9494X 1071
LSMOP6 (1.33x10° 1) (1.46X102)‘ (7.o4x105>7 (2.06X10"%) (5.11xX10™ %Y (3.71X1072%)
1500 4.3674x10"1 4.0288x10? 6.5520X10° 7.6226X10"1 7.6308X1071 3.0060X10~!
(1.59x10 H— (4.70X10%) — (7.29X10°) — (1.01X10 %) — (9.71X10°) — (3.35X1072)
2000 3.8579X10 ! 5.8135X102 7.2675X10° 7.5692X101 7.5731x10! 2.9119X 107!
(1.28x10" 1) — (5.62X10%)— (7.92X10%) — (5.09x10" ") — (9.71X10 %) — (3.97X1072)
00 1.5704 1.4235X10 3.2615X10° 4.5262X10% 2.3405X10* 1.5067
(3.51X10 1) — (3.17) — (3.03X10%) — (7.43X10)— (5.44X10%) — (4.39X10™%)
1000 2.8883 5.3988 X102 2.9450%10° 9.5844x10?2 2.7440%104 1.5119
LSMOP7? (6.25) — (1.73X10%) — (2.60X10%) — (9.90X10) — (4.76X10%) — (2.92X10™%)
1500 1.5193X10 2.0797X10° 3.2008X10° 1.2186 <10 3.0406X10* 1.5138
(4.31X10)= (6.52X10%) — (2.79X10%) — (1.27X10%) — (5.18X10%) — (3.44X10™%)
2000 2.4466X10 5.8961X10° 4.6376X10° 1.3589x10° 3.1343X10* 1.5145
(8.24X10)= (1.90X10%) — (3.40X10°) — (1.46X10%) — (4.61X10%) — (4.41X10™%)
=00 7.4209X10! 2.0228X107! 3.6558X10 1.7949 8.8126 7.4209X10!
(3.39x10 6)= (3.94X1072) + (1.61X10) — (1.16 X107 1) — (7.70X10"H— (3.39X1016)
1000 7.4219Xx10°1 1.0219 3.4424X10 2.3193 1.0062X 10 7.4209X107!
LSMOPS (5.40X10" 4 = (9.78X10%) (1.58X10) — (1.12x10" 1) (8.53X10" 1) (3.39X10716)
1500 7.4584X1071 2.1348 3.8273X10 2.5238 1.0142X 10 7.4209X1071
(1.19X10 %)= (3.46x10 1) — (1.53X10) (1.46x10 1) — (6.48x10 1) — (3.39X10716)
5000 7.4928X10 ! 3.7706 4.0644X10 2.6534 1.0620X 10 7.4209X 10!
(2.96X10" %)= (5.57X10 1) — (1.80%X10) — (1.87X10" 1) — (8.26X10 1) — (3.39X10716)
500 8.0010x10 1! 2.9708X 107! 1.5564>10% 5.6737X10 ! 2.2933X10 8.0337X10 !
(3.28X10°%) + (4.26X107%) + (5.99X10) — (4.93X10°%) + (3.25) — (1.29%10°%)
1000 7.4931X107! 2.0783 1.4301x 102 1.8622 2.9256X10 7.7857X10 !
LSMOP9 (1.48X1071H) +  (6.41X10 H— (6.92X10) — (3.78 X107 1) — (3.47) — (5.29%102)
1500 7.7899X 10! 5.9163 1.1937X10% 4.3882 3.2656X10 7.8722X10 !
(9.46X1072) = (1.67)— (5.87X10)— (3.88)— (4.35)— (2.85X1072)
2000 9.4455X10 ! 1.1855X 10 1.4255X 102 5. 6979¢1. 595 — 3.3287X10 7.9245X1071
(3.94x10 1) — (2.32)— (6.10X10) — (3.16) — (3.28X1072%)
+/—/= 2/20/14 4/31/1 0/36/0 1/35/0 0/36/0
# 3 DDLE 4 5 F LA BEEAE 500 4.1 000 41500 4EA1 2000 4 3 A s LSMOP1—9 Ml [A) & 13k A5 19 1GD {1
Table 3 Statistics of IGD values obtained by five comparison algorithms and DDLE on 500-D,1000-D,1500-D,

and 2000-D 3-objective LSMOP1—9 test problems

AR E A B AR FLEA LSMaODE S3CMAES LMOCSO CCGDE3 DDLE
500 1.2288 5.3021 4.5502X10 1.3923 8.8107 8.0580X 10!
(5.86X10 1) — (8.54x10 1) — (3.36>X10)— (9.13X10 %) — (8.69X10 1) — (1.64X1072)
1000 8.0250x10 ! 8.3831x10! 4.1114% 10 1.6137 1.0293X% 10 8.0054X107!
LSMOP1 (1.08x10 1) — (1.46x10 1= (3.30X10) — (7.70X102)— (1.01)— (1.83X1072)
1500 8.1377X10 ! 1.7658 4.1386X10 1. 6660 1.0863X 10 8.0503X 107!
(1.03x10™ 1) (3.05X107 1) (2.46X10) — (8.31X1072) (1.31)— (1.66X10~2)
2000 8.2481x10! 6.9615 5.4410X10 2.0281 1.0692X10 8.0519X107!
(1.39x10 1) — (1.05) — (3.84%10)— (1.58x10 1) — (1.3 — (1.51X10~2)
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AR E A B bR E FLEA LSMaODE S3CMAES LMOCSO CCGDE3 DDLE
=00 8.4032X10 2 6.6463X10 2 5.7833X10 ! 6.0744X10 2 8.2077X10 2 5.5649X1072
(3.59X10 %) — (7.60X10" %) — (1.55X10 1) — (5.45X1074)— (4.01X10 %) — (7.32X107%)
1000 7.0388%1072 5.2860X10 2 5.0892X10! 5.0247X102 6.4475X1072 4.5198 X102
LSMOP? (4.03X10 3)— (8.43x10 ) — (1.10x10 1) — (3.08x10 ) — (2.73X10 3)— (3.59X10™%)
1500 6.6316x10 2 4.9347Xx10 2 5.4411Xx10 1 4.7015x102 5.9184X10 2 4.2510X1072
(4.43X10 %) — (1.08X10 %) — (1.01x10 1) — (1.49X10 %) — (2.88X10 %) — (3.93X107%)
2000 6.3842X10 2 4.9414X1072 5.4803X10 ! 4.5567x10 2 5.7192X102 4.1355X 1072
(4.35X10 %) — (2.21X10 %) — (1.14x10" 1) — (1.21X10" ) — (2.89X10 %) — (2.05X1074)
00 1. 6680 3.5209 3.3172X10* 1.3967X10 1.9672X10 8.6065X10~1
(1.78)— (1.79) — (2.06X10%)— (2.56) — (2.24)— (7.09X107%)
1000 2.3213 1.9895X 10 2.7704 10" 1.4264X10 2.0063X10 8.6065X10 —1
(2.82)— (1.64X10) — (2.26X10") — (2.98) — (2.80)— (7.43X1075%)
LSMOP3
1500 5.3779 6.1992X10 3.2822X 104 1.5438 <10 2.3652%10 8.6065X107!
(4.48)— (3.81X10)— (1.88X10%)— (2.42)— (4.93)— (8.43X1075)
5000 7. 4380 1‘2996><4102 3.8197X 10" 1.7208X 10 5 184651004 807 8.6063X1071
(4.96) — (1.20X10%)— (1.74X10%) — (3.66)— (7.55X107%)
00 1.7165x10 1 1.3882x10 ! 7.6610x101 1.5794x1071 2.1368X10 ! 1.3577X107!
(1.40X 10 2) — (6.76X10 %) — (2.39%10" 1) — (1.57X10 %) — (8.00X10 %) — (3.16X1073)
1000 1.2113x10° 1 1.1115x10° 1 6.1420X10 ! 9.9660X10 2 1.3090x 10! 8.5459X 1072
LSMOP4 (7.40X 10 %) — (1.92X10 %) — (1.95X10 1) — (7.23X1074)— (5.45X107 %) — (1.73X1073)
1500 1.0125x 10! 8.8251x10 2 5.9721X1071 7.7717X10"2 1.0250X 10! 6.7667X1072
(6.65X10 %) — (1.99X10 %) — (1.54X10" 1) — (4.86X10 %) — (5.11X10 3)— (1.21X1073)
2000 8.8539X10 2 7.6448X102 6.0299Xx10 ! 6.7376X10 2 8.7700X10 2 5.8916X1072
(5.08X10 %) — (1.51X10 %) — (1.36X10" 1) — (3.59X10 ) — (3.71X10 %) — (8.45X10™%)
S0 1.0535 4.0234X107! 5.9242X10 2.6610 1.5755X 10 9.4592x107!
(2.73X10" D= (4.01X1072) + (4.30X10)— (2.06X10 1) — (2.72)— (3.39X10716)
1000 9.6812x10 ! 1.3876 7.0392X10 3.3071 1.6570X 10 9.4592X1071
LSMOP5 (2.43X10"H— (3.07X10" 1) — (5.86>X10)— (1.49%x10"H— (2.12) — (3.39X10716)
1500 1.1365 2.8788 8.0413X10 3.4656 1.7149X 10 9.4592X107!
(3.58%10 )= (6.03X10" 1) — (5.98X10) — (1.99%10 1) — (1.98) — (3.39X10716)
2000 1.0367 4.7767 6.4600X10 3.4652 1.7336 <10 9.4592X107!
(3.19x10" 1) — (8.67x10 1) — (5.34X10) — (1.56X10 1) — (2.08)— (3.39X10716)
00 1.8381X 10 1.3807X 10 7.9145X10° 1.4685x 102 2.2287x10" 8.0099X10!
(6.78X10) — (3.72) — (7.87X10%)— (5.28%10)— (6.10X10%) — (9.12X1074)
1000 1.3053 4,5331X10% 4,7813X10° 3.2630X102 2.5937x10% 8.0999X 1071
LSMOPS (2.27X10" 1) — (2.38X10%)— (5.71X10%) — (9.27X10)— (6.72X10%)— (1.15X1073)
1500 1.2971 1.7859X 103 6.1767x10° 4, 3484 X102 2.7064X10* 8.0832X10!
(2.01x10 1H— (6.27X10%) — (7.13X10%) — (1.23X10%)— (7.93X10%) — (8.98X10™4)
2000 9.4236X10 3.9436X 103 4.6187x10° 4,7843X10% 2.7424X10* 8.1096X10~!
(2.79X10%) — (1.09X10%) — (5.87X10°) — (1.54X10%) — (5.58X10%)— (5.19X10~%)
00 9.4117X107! 1.3350X 10 3.6280X10° 1.1433 1.2993 1.0054
(1.17X10"H = (2.48X10)— (4.39X10°) — (5.45X102)— (1.59X10 %) — (4.60X1072)
1000 1.0139 2.6913x10% 3.5297X10° 1.0490 1.1044 9.1233X10 —1
(5.55X10 %) — (3.37X10%) — (4.66>X10%) — (2.22X10 %) — (4.55X10 %) — (5.93X1072)
LSMOP7
1500 1.0118 8.5709 X102 4.7232X10° 1.0165 1.0439 8.9260X 107!
(6.79X10 %) — (7.26X10%) — (5.65X10%) — (1.41X107 %) — (1.52X107 %) — (6.20X1072)
2000 9.9736X10" ! 2.0870X10° 3.8555X10° 1.0011 1.0176 8.8930X 10!
(4.61X10 %) — (1.87X10%) — (4.87X10%) — (7.56X10 %) — (1.91X10 %) — (6.65X1072)
=00 6.0761x10"! 3.3965X 107! 3.4473X10 8.8029x 10! 9.0106x10"! 5.4743X107!
(1.17xX107H—  (5.16X1072) + (2.72X10) — (1.17x10" 1) — (8.89X 10 2)— (4.85%1072)
1000 8.1949X101 7.6318x10! 3.8144X10 9.2853X10! 9.1566X10 ! 5.1547X107!
(1.36X10" 1) — (2.56x10" 1) — (3.23X10) — (7.76 X107 %) — (6.33X10 %) — (5.37X1072)
LSMOPS
1500 8.6161x10 ! 7.4978%10! 4.1172X10 9.2437X10! 9.3570x10! 5.0176X107!
(7.23X10 2)— (1.01x10 1H— (3.09X10) — (6.10X10 2)— (5.02X10 2)— (2.61X1072)
5000 8.5890X101 9.7686X101 3.4885X10 9.2190X101 9.1740X101 4.9358X107!
(7.99X10"%)—  (5.66X10" 1) — (2.99X10) — (7.58X10"%)—  (6.45X10 %) — (2.03X1072)
00 1.4103 7.8925X1071 2.6053%10% 1.1238X 10 6.6190X10 1.1301
(3.29%X10"H—  (2.76X1071) + (1.13X10%) — (2.61X10)— (8.30) — (3.69x10" 1)
L0 1.3885 7.1341 2.9232%102 1.096 9 X 102 7.8755X10 1.1825
(4.55X10" 1) — (1.87)— (1.08%10%)— (4.98%10)— (6.98)— (3.48X1071)
LSMOP9
1500 2.9530 1.9808X 10 2.6290X10? 1.3920X 102 7.9108%10 1.2720
(2.05) — (3.42) — (1.19X10%2) — (4.80%X10) — (6.99) — (3.44X1071)
2000 6. 4623(3, 79) — 3.4899X10 2.3636x102 1.4389X 102 8.3864X10 1.4555_
(4.55)— (1.12X10%) — (4.41X10) — (8.64)— (1.68X10™1)
+/—/= 0/33/3 3/32//1 0/36/0 0/36/0 0/36/0
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Table 4 Statistics of IGD valuesobtained by DDLE-OC, DDLE-OD and DDLE on LSMOP1—9 test problems
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