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Multi-objective Bat Algorithm Based on Decomposition
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Abstract; The bat algorithm was integrated into decomposition mechanism on the basis of its evaluation
and a multi-objective bat algorithm based on decomposition ( MOBA/D ) was proposed. In order to
improve the algorithm diversity, the differential evolutionary strategy was introduced into MOBA/D. The
performances of MOBA/D on 14 multi-objective optimization problems were tested, which included family
benchmark functions of LZ —09 and ZDT with different neighborhood scales effect on the performance of
the algorithm. The result indicated that MOBA/D had the best performance with neighborhood size of 20.
Compared with MOEA/D — DE and NSGA —1I, the simulation results showed that MOBA/D can obtain a
more uniform distribution of Pareto solution set and better convergence as well as diversity than those of
state-of-the-art multi-objective metaheuristics. For further performance analysis of MOBA/D on constraint
problem, the optimization design of sliding bearing was solved to demonstrate the feasibility and
effectiveness. The good performance on convergence and diversity of the obtained Pareto set demonstrated
that MOBA/D was suitable for engineering practice, which was an effective way for solving complex and
high dimensional multi-objective optimization problems.
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Proc steps Up( )
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ko exploration (v, 7 ) // &A% 2 (2) ~ (4)
if (rand 1>r,)
., —exploitation (x* ) // ST 4k 2 (5)
end if
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end if

end for
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Tab.1 Mean values and mean square error of IGD for MOBA/D when T were 10, 15, 20, 25 and 30
q
W T=10 T=15 T =20 T=25 T=30
R ¥E R ¥IA i 2% A Ty 2% YA R ¥iE i 2%
ZDT1 5.74%x107°" 1.6x107° 577x107° 1.9x10°° 592x107° 24x107° 6.01x107° 3.0x107® 6.01x10™° 2.2x10°°
ZDT2 471107 4.3x1077 4.77x107° 8.1x1077 4.82x107° 13x107° 4.87x107° 11x107° 4.98x107° 2.6x107°
ZDT3 8.87x107°" 6.7x1077 891x10™° 1.4x107% 897x10™> 1.2x107® 891x10°> 9.8x1077 8.87x107° 1.1x10°
ZDT4 6.14x107° 2.2x107° 6.15x107° 1.8x10°% 6.03x107°* 1.5x10°° 6.13x10° 1.8x10°° 6.12x107° 1.6x10°°
ZDT6 4.63x107° 9.8x107° 4.63x107°" 54x107° 4.63x107° 1LOx107% 4.63x107° 11x107% 4.63x107° 9.0x107°
LZ-09_F1 8.04x10™° 1.9x107°> 7.36x107° 2.5x107® 7.24x107°* 3.9x1077 7.25x107° 4.1x1077 7.24x10° 4.8x107’
LZ—-09_F2 1.68x10™* 6.9x10™° 1.31x107** 1.7x107° 1.35x107™* 1.0x107° 1.42x107* 1.2x107° 1.54x107* 1.2x107°
LZ—-09_F3 2.63x10™* 1.4x107* 2.10x107* 1.2x107* 1.96x107** 4.9x10™° 2.22x10°* 6.6x107° 2.79x10™* 1.1x107*
LZ-09_F4 2.14x10™* 9.2x107°> 1.93x107* 1.1x10™* 1.76x10°** 6.0x10> 1.95x107™* 6.5x107° 2.46x10™* 9.3x107°
LZ-09_F5 8.60x107™* 2.8x10™* 835x107** 2.2x10™* 9.77x10™* 2.3x107* 879x10™* 16x10°* 9.27x107™* 2.6x107*
LZ—-09_F6 1.15x107* 3.2x107° 1.13x107° 2.9x107° 1.10x107** 2.3x10™° 1.10x107* 2.0x107° 1.11x107° 3.8x107°
LZ-09_F7 4.33x107° 2.3x107% 2.24x107° 20x107° 1.67x107% 1L1x107° 1.04x107% 7.7x10°* 8.64x107** 57x10"*
LZ-09_F8 6.54x107° 2.3x107® 5.61x107° 1.3x107° 451x107° 1L1x107° 3.66x107%* 1.4x107° 4.21x107° 1.6x107}
LZ—-09_F9 6.55x107™* 3.2x107* 2.51x107* 1.1x107* 2.21x107** 1.1x107* 227x10™* 8.7x107° 2.90x10™* 5.0x107°
e R EAE, TR,
e D, pR 501 4 37 35 4T 30 IR, SR 5 Si it dE An Epsilon
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35 3.3571 o
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Fig.2 Histogram of Friedman number of IGD value

2, BB n 4 T NSGA — 11 B vk, X T ZDT
PR, MOBA/D B34 ZDT1 ~ ZDT2 & % I Ik 5tk

K2 EESHEE
Tab.2 Parameter settings of algorithms
Rk Rk g BIEIE S
NSGA — 11 SBXP R P, =0. 9 ZHAERMR P, =1/V,,,V, HERKE; RER /N
MOEA/D — DE C=1,F=0.5 483 K/NT=20, 483 RMWHK6=0.9, FBEHLHE n, =2 5 3; 300 (N=2)
A=0.6,r=0.6,0a=0.95,y=0.05,C=1,F=0.5 488 K/ T=20 488 ZMxs5=09, " {500 (N=3)
MOBA/D ) N ) )
TS EE n, =2 83, B RBERREL G =1500
% 3 Epsilon FHERIREE
Tab.3 Mean and standard deviation of Epsilon
. y MOBA/D MOEA/D — DE NSGA — 1T
LUNEWEREA'S . — - -
FHME bR FHE PR 22 FHE PR 25
ZDT1 3.04 x10 " 6.5x107* 3.21 x10°? 4.0x10°* 4.65 %1073 7.6 x10°*
7ZDT2 2.47 x10 %" 1.6 x10 4 2.57 x107? 2.3x107* 4.40 x10 73 6.2x10°*
7ZDT3 5.32x10°? 1.2x10°4 5.27 x10 7? 1.2x10°* 3.31 x10 %" 6.9x10°*
7ZDT4 2.94x10 73 1.8x10°* 2.92x1073%* 1.1x10°* 4.28 x10 3 6.4x10°*
7ZDT6 1.64 x10 73 1.9x10"°° 1.64 x10 73" 2.3x10°° 4.70 x10 73 7.5%x1074
LZ—09_FI 2.47 x10 %" 3.6x107* 2.53x10°? 5.1x107* 5.68 x10 73 4.1x10°*
LZ—09_F2 7.10 x10 %~ 1.3x1073 8.94 x 10 ~? 3.4x107° 0.173 4.4 x10°?
LZ—-09_F3 2.05 x10 %" 1.2x1072 7.91 x10 72 8.8 x1072 0.111 2.7x1072
LZ—09_F4 1.15x10 72" 6.7 x10 73 3.48 x10 2 1.6 x10 2 0.148 2.5%x1072
LZ—09_F5 6.39 x10 %" 1.5%x10°2 6.86 x10 2 3.1x10 72 9.50 x10 2 2.2x1072
LZ-09_F6 8.62 x10 %" 1.5x10°2 9.35 x10 2 1.4 x10°? 0.228 2.8 x107?2
LZ—09_F7 0.111 8.3 x10 2 7.62 x10 %" 7.1x10°? 0.247 6.3x107?
LZ—09_F8 0.244 " 8.2x107? 0.265 7.0x1072 0.254 5.8 %1072
LZ—09_F9 1.48 x10 72" 6.8 x10 73 1.80 x 10 2 1.2x1072 0.189 2.9%x1072
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Tab.4 Mean and standard deviation of Spread

MOBA/D MOEA/D — DE NSGA — 11
BURENEZR A — — —
T T o 22 VB {E T o 2 -2 {H PR 25
ZDT1 0.285" 2.4 %1073 0.286 3.8 x10°° 0.374 1.9 x10°2
ZDT2 0.141" 7.4 %1073 0.143 8.8 x107? 0.377 1.5x1072
7ZDT3 1.03 1.6 x10 73 1.030 1.9x107? 0.791* 6.7 x10 3
ZDT4 0.286 " 2.3x107? 0.286 2.5x107? 0.390 1.7 x10 72
ZDT6 0.150" 8.8 x10°° 0. 150 1.8 x10°* 0.631 2.6 x1072
LZ-09_F1 0.287 " 2.4 %1073 0.295 3.6 x10 72 0.493 6.8 x10 72
LZ—09_F2 0.384* 6.2 x10 2 0. 404 1.1x10"" 1.530 1.0x10 !
LZ—-09_F3 0.395* 7.3 x10 72 0. 459 1.1x10"" 0.787 7.9 %1072
LZ —09_F4 0.387" 5.8 x10 72 0.565 1.8 x10 ! 0. 647 6.1x107?2
LZ—-09_F5 0.531" 6.0 x10 2 0.548 6.3 x10 72 0.714 4.7 x10 72
LZ—09_F6 0.796 1.7 %1072 0.795" 1.4 x10 2 0. 841 3.9x10°?
LZ—09_F7 1.010 3.0x10"! 0.932* 3.5x107! 1.530 1.3x10"!
LZ—-09_F8 1.27* 1.8 x10 ! 1.310 8.0 x 1072 1.520 8.3 x107?
LZ—09_F9 0.247* 4.9 %1072 0.277 9.5x1072 1.700 1.2x10"!
x5 IGD FHERREE
Tab.5 Mean and standard deviation of IGD
MOBA/D MOEA/D — DE NSGA — 11
LURRWEREA'S . - -
T H T o 22 FHE T o 2 T E i 22

ZDT1 5.84x107°" 2.1x10°° 6.05x10° 2.8 x10°° 6.04 x10°° 1.7 x10°°
7ZDT2 4.86x107°" 1.3x10°° 4.94 x10°? 1.8 x10°° 6.20 x10° 2.5x10°°
7ZDT3 8.93x10°° 1.6 x10°° 8.91 x10°° 1.3x10°° 4.29 x10 %" 1.6 x10°¢
ZDT4 6.07 x10° 1.9x10°° 6.06 x10~° 1.6 x10°° 6.02 x10°°" 1.3x10°°¢
ZDT6 4.63 x107° 9.3x107° 4.63x107°" 7.8 x107° 7.44 x10°° 2.7 x10°°
LZ-09_F1 7.25 x107°* 6.4 %1077 7.44 x10° 9.6 x10°° 1.29 x 10 ~* 3.2x10°°
LZ—09_F2 1.33 x10°** 9.5x10°° 1.49 x 104 2.9x10°° 4.88 x10? 1.4 x10°?
LZ-09_F3 2.39 x10 ~** 1.1x10°* 1.80 x 107 2.4x10°? 2.43 x10°? 8.8 x10°*
LZ—09_F4 1.65 x 10 ~** 6.3 x107? 3.93x10°* 1.9x10°* 2.85x107° 8.9x10°*
LZ-09_F5 8.36 x10 °** 1.9x10°* 9.39 x10°* 5.5x107* 1.80 x10~* 5.3x107*
LZ—09_F6 1.12x10 %" 3.7x10°° 1.15x10°? 6.2x10°° 3.09 x10°? 3.2x107*
LZ—-09_F7 1.49 x10? 1.3x107° 9.57 x10°** 1.0x107? 7.48 x 10 7? 2.4 %1073
LZ—09_F8 5.23x1073%* 2.3x1073 5.77x10 73 1.9 x10 73 6.95x107? 1.4x1073
LZ—09_F9 2.06 x 10 7** 5.8 x107° 2.37 x10°* 1.7 x10°* 5.79 x 10 ~* 1.7 x1073
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