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Abstract: Black widow optimization algorithm (BWOA) is a swarm intelligence optimization algorithm, which has
the advantages of fast convergence and high precision. However, the update strategy adopted by BWOA is too
simple, and it is easy to fall into the local optimal solution. Moreover, the search ability in multi-dimensional space
is lacking, the population structure is single, and the convergence and diversity of the algorithm. need to be
improved. In order to improve the comprehensive performance of BWOA and make it applicable to multi-objective
optimization problems, this paper proposes a multi-objective black widow optimization algorithm (MBWOA) guided by
a competition mechanism and an improved pheromone mechanism. MBWOA adopts the-method of dynamic
allocation of populations, which divides .the populations into two in the iterative process and uses different
competition mechanisms to enhance_the diversity of the populations in-the iterative process and improve the
convergence of the algorithm. At the same time, it uses the improved pheromone mechanism to guide offspring
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individuals that have gone through the competition mechanism to optimize in the direction of population gap,
improve the distribution of population, and enhance the convergence ability of the algorithm. Using MBWOA and
four comparison algorithms to conduct comparative experiments on three indicators of IGD, HV and Spread
respectively, the results show that MBWOA has better convergence accuracy, convergence speed and diversity.
Finally, the effectiveness of the used mechanism is confirmed by the experiments of MBWOA and the comparison

algorithms on three indicators.

Key words: multi-objective optimization; black widow optimization algorithm (BWOA); competition mechanism;

improved pheromone mechanism
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MOEA/D/DU  p, =1/N,m, =20,p.=1,T=20,K=5,1,=20,6=0.5
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Table 2 HV experimental results of each algorithm

#3 B3k Spread SR

Table 3  Spread experimental results of each algorithm

g{g M SMPSO NI';/)DES/ NSSGDAR'“/ LMOCSO MBWOA g{g BfH  SMPSO NI';/)DES/ NSSGD/:“/ LMOCSO MBWOA
F¥f 6.89E-1 580E-1 544E-1 7.12E-1 7.18E-1 Xl 443E-1 7.65E-1 840E-1 3.74E-1 3.63E-1
F FrME% 411E-2 223E-2 3.05E-2 1.28E-2 4.19E-4 F FrfE% 9.65E-2 6.29E-2 657E-2 9.42E-2 3.03E-2
- XM 3.95E-1 125E-1 115E-1 441E-1 4.43E-1 - Xl 485E-1 858E-1 9.61E-1 208E-1 3.69E-1
FifE% 7.18E-2 4.00E-2 2.86E-2 7.41E-3 3.24E-4 FrUE% 156E-1 4.22E-2 4.08E-2 6.34E-2 4.28E-2
- SEYI{E 0.00E+0 0.00E+0 0.00E+0 6.38E-2 3.19E-1 Fa S 1.00E+0 1.05E+0 956E-1 8.43E-1 5.64E-1
FriE?: 0.00E+0 0.00E+0 0.00E+0 6.34E-2 1.28E-1 Frifi?% 573E-2 7.06E-2 3.17E-2 1.79E-1 3.71E-1
4 ¥4 3.23E-1 298E-1 129E-1 3.37E-1 5.20E-1 ol X 475E-1 6.60E-1 1.04E+0 3.10E-1 5.68E-1
FRpifE% 156E-1 3.09E-2 7.89E-2 1.26E-1 3.13E-2 FRpifE% 553E-2 5.78E-2 223E-1 693E-2 1.17E-1
- F¥Y 6.11E-1 494E-1 4.46E-1 5.91E-1 7.08E-1 - F¥{4 567E-1 820E-1 897E-1 7.42E-1 3.96E-1
FRifE% 5.64E-2 3.03E-2 255E-2 6.23E-2 2.33E-3 FRifE% 134E-1 539E-2 196E-2 1.49E-1 3.89E-2
- ¥ 291E-1 133E-1 160E-1 2.73E-1 4.26E-1 - SE¥Y  7.46E-1 9.33E-1 9.02E-1 7.39E-1 3.92E-1
FRifE2% 6.15E-2 125E-2 1.24E-2 4.66E-2 4.42E-3 FRifE2%: 137E-1 393E-2 163E-2 1.08E-1 3.58E-2
- SEHME 0.00E+0 0.00E+0 0.00E+0 3.03E-3 9.09E-2 - SEHME 9.82E-1 1.05E+0 9.69E-1 9.61E-1 7.58E-1
PR 0.00E+0 0.00E+0 0.00E+0 1.66E-2 7.70E-8 FRifE% 564E-2 7.76E-2 3.18E-2 7.73E-2 8.49E-2
o ¥ 211E-1 291E-1 1.30E-1 3.05E-1 4.06E-1 - XY 6.07E-1 6.66E-1 9.74E-1 5.30E-1 3.98E-1
FRUE2Z 1.07E-1 282E-2 6.99E-2 7.09E-2 3.13E-4 FRME2% 160E-1 7.03E-2 233E-1 1.77E-1 4.68E-2
EXfH 1.06E-1 7.99E-2 542E-1 3.37E-1 5.89E-1 XY 6.64E-1 8.19E-1 7.04E-1 T7.47E-1 6.41E-1
F FRifE% 834E-2 330E-2 383E-2 159E-1 4.36E-2 F FRifE% 7.08E-2 556E-2 7.86E-2 6.28E-2 8.65E-2
F10 SEH4{E 0.00E+0 0.00E+0 0.00E+0 5.60E-2 1.04E-1 F10 SEH(E 9.94E-1 1.00E+0 9.97E-1 1.23E+0 9.94E-1

FrifE2% 0.00E+0 0.00E+0 0.00E+0 5.86E-2 1.36E-2

bRUfEZ: 1.80E-2 0.00E+0 7.03E-2 2.78E-1 1.40E-3

F-HfH 6.40E-1 2.25E-1
ZDT1
FrifE2% 9.15E-2 1.03E-1

6.82E-1 5.76E-1 7.18E-1
1.05E-2 7.32E-2 6.14E-4

- SFfH 440E-1 7.88E-1 5.15E-1 5.34E-1 3.92E-1
brifE2: 1.37E-1 8.40E-2 596E-2 8.15E-2 3.78E-2

V- 431E-1 6.49E-4
ZDT2
bR 5.43E-2 2.16E-3

3.77E-1 410E-1 443E-1
2.63E-2 299E-2 4.07E-4

S SEE 3.93E-1 9.65E-1 450E-1 3.36E-1 3.95E-1
brifEZE 9.71E-2 521E-2 7.21E-2 8.94E-2 4.62E-2

2073 572E-1 4.95E-1 5.83E-1
brifE2% 8.78E-2 9.89E-2 254E-2 7.30E-2 1.74E-3

FH{E 532E-1 4.43E-1

2073 F¥{H 7.84E-1 853E-1 5.00E-1 7.50E-1 4.26E-1
brifE2% 9.24E-2 T7.09E-2 7.71E=2. 7.77E-2 3.90E-2

2074 SF¥{E 0.00E+0 0.00E+0 2.33E-1 2.92E-1 6.51E-1
143E-1 154E-1 7.24E-2

F¥E 9.92E-1 1.00E+0 8.64E-1  8.08E-1 6.97E-1

ZDT4
FRfE?E 3.70E-2 0.00E+0 9.52E-2 /1.00E-1 2.76E-1

FrifE2% 0.00E+0 0.00E+0
1.84E-1 3.89E-1 3.88E-1

FH{H 3.88E-1 0.00E+0
FrifE2: 1.80E-4 0.00E+0 6.09E-2 172E-5 2.21E-4

- SF¥IME 6.47E-1 1.06E+0 - 7:13E-1 1.36E-1 4.37E-1
brifE2% 4.85E-1 8.78E-2. 8.65E-2 6.34E-3 2.45E-1

ZDT6
+ - I= 0/11/4  0/15/0 0/15/0 1/12/2

+ - /= 1/9/5 0/15/0 0/14/1 41912

H/N XU MBWOA TE X 2e i s 5 R B T
B 22 RE M R M RIS .

3% H T MBWOA 5 %F Fe 8 e 15 /4~ 3 )
B [- ) Spread ¥ 4 {8 Fi AR w22 . Hob, MBWOA
AL D R B AR T et . M T, R
LMOCSO 7 At 4 A4~ I 3 ok £ R B AR T Fefit . 3L
i, £ ZDT2 b, MBWOA it B 45 197 & # T
LMOCSO. & ki, 75 K 2 %01 /i MBWOA TE X
S R S L T A i A A LU LA 4 X L B
M, 2L HRE 5],

F 4R T MBWOA 5 %) b 53035 7 1 38 ] 52|

FNGD V- ¥E FIAR R 2% . MBWOA TE 15 4> L 7]
APEUE T 1349 1GD M il . 7ERM-MEDA I
o) 5 i, H A MOEA/D/DU TEF8 0l [ 85 & 1,
MBWOA Il 7¢ H:Af RM-MEDA Mz, 7] f5i A %5 W 2 1Y
¥, 7EZDT RHiAin] B , MBWOA 7ERR% ZDT6
Z AN A DA T AR S T e /Ny IGD R, 1
1E ZDT6 R A |, MBWOA fi4iz 1745 Sk b (o, T
LMOCSO fir A5 i S L i o X 160 MBWOA HA B
IO FRE PE S N 2 R

331 WSO L B i 11 53 A 5 DL oy B

K2 /R T MBWOA FiLs b5 vk iy 38 17 45
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Table 4 1GD experimental results of each algorithm
g{g B SMPSO NI'D?DES/ NSSGDAR'“/LMOCSO MBWOA
SEI4{E 2.85E-2 1.45E-1 2.35E-1 9.15E-3 5.39E-3
m FrifE2 347E-2 353E-2 6.47E-2 9.52E-3 3.23E-4
- SEY{H 4.47E-2 3.16E-1 4.30E-1 5.66E-3 5.24E-3
FrifE?% 6.69E-2 6.35E-2 9.32E-2 3.84E-3 3.01E-4
Fa SEA4ME 2.49E+0 4.77E+0 2.33E+0 7.49E-1 8.76E-2
FRifE?5 3.48E-1 322E-1 2.79E-1 4.90E-1 1.55E-1
4 SE¥{H 2.40E-1 1.82E-1 6.36E-1 2.31E-1 8.17E-2
brifi2: 148E-1 157E-2 1.98E-1 1.16E-1 4.40E-2
- SE¥{H 1.28E-1 2.85E-1 4.16E-1 1.79E-1 1.28E-2
Frfe% 7.48E-2 5.01E-2 4.30E-2 9.42E-2 1.93E-3
- E¥{H 1.39E-1 3.41E-1 3.35E-1 1.64E-1 1.53E-2
bR 6.19E-2 2.78E-2 2.82E-2 5.00E-2 3.01E-3
- M 2.42E40 3.79E+0 1.47E+0 9.54E-1 3.65E-1
Frif2% 3.31E-1 240E-1 1.28E-1 1.60E-1 4.14E-4
- FHH 352E-1 224E-1 4.26E-1 2.89E-1 3.53E-1
FrifE2 1.04E-1 2.74E-2 2.12E-1 6.67E-2 6.09E-3
SEPIME 6.51E-1 6.78E-1 1.62E-1 3.50E-1 1.26E-1
F FrifE2 119E-1 6.95E-2 3.82E-2 154E-1 4.48E-2
F10 SEH4ME 3.19E+2 155E+4 3.04E+1 1.96E+0 8.28E-1

WifEZ 2.68E+2 4.50E+3 1.18E+1 2.00E+0 1.28E-2

— V¥l 6.48E-2 4.68E-1 3.08E-2 1.12E-1 5.10E-3
Wi 7.31E-2 1.80E-1 1.29E-2 596E-2 3.19E-4

B V¥ 158E-2 8.93E-1 4.85E-2 2.63E-2 5.31E-3
tifEZ 5.00E-2 190E-1 1.96E-2 2.12E-2 3.77E-4

. SEX(H 155E-1 255E-1 2.72E-2 2.33E-1 6.13E-3
brifE2: 1.17E-1 1.30E-1 891E-3 1.00E-1 1.16E-3

2074 F¥{H 9.38E+0 4.45E+1 5.05E-1 4.18E-1 7.56E-2
trifi2E 5.99E+0 1.15E+1 2.48E-1 2.10E-1 9.92E-2

2DT6 F¥{H 3.79E-3 3.88E+0 1.90E-1 3.13E-3 3.86E-3
brifE2% 169E-4 5.12E-1 7.13E-2 1.86E-5 1.98E-4

+-I= 1113 1/14/0  0/14/1 2/11/2
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Fig.2 Pareto optimal front of sometest functions

H/INAY IGD, ZDT6 7E 2 000 YR A 22 P e 8, fie 4 i
15319 1GD i A2 fie /)y, (0 5 7 B n) &b A 45 A
) LMOCSO 2= B AEH# /N, 1A b 5307 B SR A it B ]
L REAS IS, (H R R 15, MBWOATE Je i i
SR JRE (1% T) Bsf BBCAS B 1 it 4 (A RE D AR EERREL 57
1M 75 i, RIS
3.3.3 HikkEm

FSFNH T B AE 44K n) 8 E k37 95 1T 30
WAT B A2 7R . AT LUA 1 MBWOA Y JEdE
Ff 2 b JH Al B30k T — 2 3 T R R A B A

R PR T AT AR SCRC HE T R4 OB I
MBWOA >y T 38 I B 2o B P o v -k 1 W S5Ok
JE S DU 025 138 A7 Rk ) AR 9
3.3.4 I B Ak £ B & DU B 1L Rb 4 i Ay
APk 3 Dk

Ry B IE ASSEfIT FH 5 W 10 4 S0Pk DA Bl & W ok
A B 40 ) R A £ 3 ML R R A R
2B A P SE A O AL B 1 BWOA | B fff i Bl adt £
SR AL Y PR A AL 575 MBWOA-PH Ul
it FH W5 22 B 2 3 10 O 4R 5 i MBWOA-



BEH %: AZNGEERIISNS ERBEARMKE S

2923

Pl 3 2% v B 1GD $5 b A A R 4
Fig.3 Change trend of IGD indicators of each test function
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Table 5 Average running time of 30 independent experiments

EFMQ:S

3K 7] 5 SMPSO NI'D(/)DES/ NSSGD';"/ LMOCSO MBWOA
F1 3.65E-1 3.73E+0 478E-1  7.43E-1 3.75E+0
F10  3.89E-1 3.82E+0 5.19E-1  4.72E+0 3.66E+0
ZDT1 3.69E-1 3.61E+0 485E-1 8.43E-1 3.66E+0
ZDT3 3.35E-1 3.67E+0 490E-1  1.00E+0. 3.70E+0
+/ /= 4/0/0 2111 4/0/0 3/1/0

COM 54 ¢4 s iy & 5 0 5 ¥ i MBWOA 533
7E 1GD . Spread Fl HV #5 b5 I #F 175055, 3% 6 A 5L 40 25
Ho BRFIFRTPIS] , FAE rh 4 DU B 1 ol — 20 52 5, 3t
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Table 6 Comparison results of MBWOA and comparison algorithms on 1GD, Spread and HV
Wl IGD Spread HV
[in] 7L BWOA MB:/_'OA Mi\g,\o/lA MBWOA BWOA MB:LOA MivovaA MBWOA BWOA MB;NHOA Mi\g,\OAA MBWOA
E¥f 1.1E-2 49E-3  53E-3 53E-3 11E+0 37E-1 50E-1 36E-1 7.1E-1 72E-1 72E-1 7.2E-1
F FrifE2~ 8.1E-3 24E-4  29E-4 21E-4 62E-1 49E-2 56E-2 3.0E-2 11E-2 37E-4 41E-4 34E-4
- FHE 1.2E-2 60E-1  56E-3 52E-3 1.1E+0 10E+0  44E-1 37E-1 44E-1 92E-2 44E-1 44E-1
Frifi22 1.3E-2 56E-2  47E-4 30E-4 43E-1 83E-2 51E-2 43E-2 9.0E-3 46E-3 45E-4 3.2E-4
. FH(E 9.1E-2 36E-1  12E-1 88E-2 13E+0 74E-1  64E-1 56E-1 34E-1 91E-2  29E-1 3.2E-1
Frifi2: 15E-1 59E-4  17E-1 16E-1 28E-1 15E-1 35E-1 37E-1 6.9E-2 36E-7 14E-1 1.3E-1
c4 EH4{H 15E-1 87E-2  91E-2 82E-2 74E-1 44E-1  82E-1 57E-1 49E-1 49E-1 51E-1 52E-1
Frfi2s 1.0E-1 17E-2  59E-3 44E-2 1.7E-1 11E-1 78E-2 12E-1 88E-2 24E-2 6.9E-3 3.1E-2
- SEH(H 1.3E-1 43E-1  46E-2 13E-2 1.3E+0 83E-1 51E-1 4.0E-1 56E-1 44E-1 6.9E-1 7.1E-1
b2z 32E-2 22E-2  96E-2 19E-3 6.2E-1 18E-2  1.2E-1 39E-2 3.7E-2 14E-2  6.3E-2 2.3E-3
e SEH4{H 14E-1 35E-1  88E-2 15E-2 15E+0 89E-1  56E-1 39E-1 27E-1 15E-1  3.6E-1 4.3E-1
brifE2E 49E-2 21E-2  13E-1 3.0E-3 58E-1 14E-2 20E-1 36E-2 46E-2 9.1E-3  1.1E-1 4.4E-3
44 53E-1 36E-1  37E-1 36E-1 1.1E+0 7.4E-1  84E-1  76E-1 91E-2 9.1E-2 9.1E-2 9.1E-2
o brifi2s 95E-2 35E-4  11E-3 41E-4 1.7E-1 14E-1  14E-1 85E-2 1.1E-10 23E-8 13E-7 7.7E-8
44 45E-1 40E-1  35E-1 35E-1 1.2E+0 8.1E-1  45E-1  4.0E-1 3.1E-1 38E-1 41E-1 4.1E-1
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Fig.4 Pareto frontiers before and after improvement of pheromone mechanism
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Fig.5 Trends in IGD before and after improvement of pheromone mechanism
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