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Multi-neighborhood Structure Based Multi-objective
Genetic Algorithm
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Abstract . In order to solve the problem of multi-objective size optimization of truss structures with stress
constraints, a multi-objective optimization algorithm with multi-neighborhood was proposed. Based on the
Euclidean distance between individuals, the population was divided into multi-neighborhood to form
several niche populations. A number of individuals were assigned to each cell as neighborhood by the
proposed algorithm. The individuals were only allowed interacting with each other within its neighborhood
and generating offspring. The influence of different sizes of neighbors on the performance was analyzed
through simulation experiments. The test results on 18 benchmarks revealed that the proposed algorithm
outperformed some state-of-the-art algorithm in terms of covered area and diversity, which showed good
uniformity and diversity. The obtained Pareto front showed good uniformity and diversity when solving the
classic multi-objective optimization problem of 25-bar truss structure. The algorithm showed good
performance in program design, solution space and generality and so on, which was very simple,
practical and suitable for engineering practice.
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Tab. 1
MNS-MOGA NSGA- I
ZDTI 0.661(1.7 x10 %) 0.659(3.6 x10 %)
ZDT2 0.328(2.7 x10 %) 0.326(3.6 x107*)
7ZDT3 0.551(8.4x10°*%) 0.515(1.7x10°%)
7ZDT4 0.658(3.1x107%) 0.655(2.9x10°%)
7ZDT6 0.398(4.8 x10 %) 0.389(1.4x107%)
WFGI 0.460(1.2 x10°") 0.516(1.0 x10 ")
WFG2 0.562(1.2x107?) 0.562(1.2x107?)
WFG3 0.442(2.5 x10 %) 0.441(2.5 x10°%)
WFG4 0.219(1.8 x10 %) 0.217(3.3 x10 %)
WFG5 0.196(5.2 x10 %) 0.195(4.7x107?%)
WFG6 0.168(3.4 x10°2) 0.204(4.7 x10 %)
WFG7 0.210(1.1x10°%) 0.209(3.1x10°*)
WFG8 0.152(1.4x107?) 0.153(1.3 x10 %)
WFG9 0.236(3.6 x107?) 0.237(1. 1 x107?)
Golinski 0.969(2.1x10°*%) 0.969(1.2x10°%)
Srinivas 0.541(4.5 x10 %) 0.538(2.5x107%)
Tanaka 0.309(2.1x10°*%) 0.308(3.1x10°%)
Osyczka2 0.588(1.7x107°1) 0.746(9.3 x10 ~*)
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Tab.2 Mean and standard deviation of A
MNS-MOGA NSGA- T SPEA2 PAES
ZDTI 7.86 x10 "2(1.2 x10 %) 0.371(3.5 x10°?) 0.150(1.3 x10°2) 0.722(7.4 x10°?)
ZDT2 8.19 x10 "2(1.4 x10 %) 0.381(2.9 x1072) 0.156(1.7 x1072) 0.813(1.3x107")
ZDT3 0.708(4.7 x10 %) 0.750(1.5 x10°2) 0.710(5.0 x10 %) 1.090(1.1x10°")
ZDT4 0.119(2.3 x10°2) 0.394(2.7 x10 %) 0.277(8.7 x10 %) 1.250(1.5x107")
ZDT6 8.64 x102(1.0 x10 %) 0.358(2.5x1072) 0.232(2.2x1072) 0.949(2.3x10° 1)
WFGI 0.629(8.3 x10°2) 0.719(4.3 x10°2) 0.706(1.1x107") 1.140(4.7 x1072)
WFG2 0.752(5.5 x10 %) 0.787(1.0x1072) 0.759(7.2x107%) 1.090(4.7 x1072)
WFG3 0.368(5.1x107%) 0.589(2.2 x10°?) 0.434(8.1x107%) 0.834(4.2x107?)
WFG4 0.139(1.8 x10 %) 0.387(2.8 x10°?) 0.270(1.7 x10°?) 0.658(4.4 x10°?)
WFG5 0.139(1.4 x10 2) 0.410(2.8 x1072) 0.281(1.8 x1072) 0.676(4.6 x1072)
WFG6 0.164(4.1 x10°2) 0.378(3.3 x10 %) 0.257(1.8 x10 %) 0.699(5.7 x10 %)
WFG7 0.120(1.5 x10 2) 0.377(2.9 x10 %) 0.252(1.7 x10 %) 0.701(4.5 x10°%)
WFG8 0.610(6.6 x10 %) 0.639(2.8 x107?) 0.622(5.1x1072) 1.140(1.0x10° 1)
WFG9 0.153(1.7 x10 ~2) 0.403(2.8 x1072) 0.298(2.0 x10°2) 0.692(1.4x107")
Golinski 0.155(8.3 x10 2) 0.437(2.9 x10°2) 0.708(3.5 x1072) 0.918(6.2x1072)
Srinivas 0.701(9.2 x10 %) 0.400(3.1x10°?) 1.730(1.1 x10°?) 0.616(5.5 x10 %)
Tanaka 0.738(3.1 x10°2) 0.803(2.7 x1072) 0.746(3.8 x1072) 1.250(7.0 x1072)
Osyczka2 0.636(1.5x10°1) 0.578(8.7 x10 ~%) 0.740(9.4 x102) 1.140(1. 1 x10° 1)
R3 cMEFHERFE
Tab.3 Mean and standard deviation of ¢
MNS-MOGA NSGA-TI SPEA2 PAES

7ZDTI 6.25x1073(2.8x107%) 1.36 x1072(3.0x10 %) 8.94 x107%(6.5%x107%) 2.42x107%(1.2x1072)
7ZDT2 5.78 x10 "3(2.8 x10 %) 1.31 x10 2(2.1x10°%) 1.04 x10 "2(6.8 x10 %) 7.48 x10 "2 (8.9 x10 ~2)
7ZDT3 2.76 x10 "2(7.7 x10 "2) 9.29 x10 3(1.6 x10 %) 9.89x1073(1.3x107%) 3.90x10 7' (3.3x107")
7ZDT4 8.88 x10 3(2.1x107°%) 1.60 x1072(5.9 x10°%) 5.48 x1072(5.8 x1072) 6.28 x1072(4.8 x1072)
7ZDT6 6.29 x10 3(3.0 x10 %) 1.50 x10 72 (1.6 x10 %) 2.43x107%(3.5x107%) 4.92x107%(9.5x1072)
WFGI 5.91x107'(3.0x10°") 4.83x10°'(3.1x107") 9.03x107'(3.1x107") 1.36(2.0x10°")
WFG2 5.47x107"(3.0x10°") 4.09x107"(3.4x10°") 3.17 x10 71 (3.4 x10 ) 1.69(5.6x10°")
WFG3 2.00(1.1x107%) 2.00(9.3x10°%) 2.00(1.9 x107%) 2.15(1.0x10°")
WFG4 1.53 x10 72(6.0 x10 ~*) 3.44 x107%(6.3x107%) 2.59x1072(3.0x107%) 8.11 x10%(4.8x107%)
WFG5 6.40 x10 "2(1.4 x1073*) 8.67 x1072(9.2x107%) 7.31 x1072(1.9 x10 %) 1.33x107' (3.6 x107%)
WFG6 8.94 x10 7 2(6.7 x10°?) 3.88 x10 (1.0 x10°?) 3.74 x10 72(1.7 x10°%) 2.46 x10 "1 (1.9 x10 1)
WFG7 1.52 x1072(9.1 x10 %) 3.48 x107%(6.8 x107°%) 2.59x107%(2.8x107%) 2.56x107' (1.6 x10™")
WFG8 4.41 x107" (1.1 x10°") 3.81x10°'(1.2x107") 4.65x107"'(1.0x107") 2.15(7.8 x10°")
WFG9 2.25x10°2(5.4x107%) 3.80x1072(5.3x107%) 2.92x1072(3.6 x1073) 3.81x107'(7.5x107")
Golinski 5.87(1.2 x10°) 9.37(2.2 x10%) 1.49 x10' (2.9 x10%) 9.95x10'(4.5x10°")
Srinivas 1.31(8.8 x107°%) 3.36(5.7x10°") 1.88(1.6 x107") 4.55(1.1x10%)
Tanaka 8.02x10 7 3(1.7 x107%) 8.69x10 %(1.1x107%) 8.32x107%(1.9x107%) 2.95%x1072(9.1x107%)
Osyczka2 6.27 x10 7" (5.7 x10") 8.43(9.1x10°) 2.32x10' (1.1 x10") 9.67 x10' (4.3 x10")
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Tab.4 Parameters of 25-bar space truss

i HH
PR E/Pa 6.895 x 10'°
B p/(kgom ) 2768.0
Vi1 71 o/ MPa +275. 8

645.16 x{0.1,0.2,0.3,0.4,0.5,
0.6,0.7,0.8,0.9,1.0, 1.1, 1.2,
1.3,1.4,1.5,1.6, 1.7, 1.8, 1.9,
2.0,2.1,2.2,2.3,2.4,2.5,2.6,
2.7,2.8,2.9,3.0,3.1,3.2, 3.3,
3.4}

B i D/mm®

RS 25 MHMIBRT RE

Tab.5 Loading conditions of 25-bar space truss

e F./kN F /KN F./kN
1 4. 448 ~44.48 -44.48
2 0 —44.48 —44.48
3 2.224 0 0
6 2. 669 0 0

®6 25HFH4HA

Tab.6 Group members of 25-bar space truss

g5 Fr5 445 S
X, 1 X; 12,13
X, 2,345 X 14,15,16,17
X 6,7,8,9 X, 18,19,20,21
X, 10,11 Xg 22,23 ,24,25
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