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A Diversity Maintenance Method for Non-Uniform Distribution Problem

LI Mi-qing, ZHENG Jin-hua, LI Ke

(Institute of Information Engineering , Xiangtan University , Xiangtan , Hunan 411105, China )

Abstract:  Almost all of the multi-objective optimization evolutionary algorithms(MOEAs) are designed for the Pareto opti-
mal front which is distributed uniformly. But in real world optimizations, the Pareto optimal front usually has a non-uniform distribu-
tion. A similar solution set distribution with Pareto optimal front is expected to obtain by decision makers. However, the existing al-
gorithms cannot solve such problems effectively. In this paper, a diversity maintenance method for non-uniformly distributed multi-
objective optimization problem(NUDMM ) is proposed. In the algorithm, an indicator reflecting ‘regular’ degree of distribution-
Messy is defined. And a method to decrease Messy of population is designed, which eliminates disordered individual on the condition
that the distribution of the Pareto optimal front is unknown. From an extensive comparative study with NSGA-II and SPEA2 on eight
non-uniform distribution test problems, it is observed that the proposed method has a good performance in maintaining the real distri-
bution and convergence .
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for each j from 1 to N
for each k£ from 1 to N
ifj ! =k
C[]][k] = Fuclidean(j, k)
end if
end for
end for
// IR AE

for each ¢ from 1 to N

alil= -1

degree[ i]=0
minind _ edge[ i] = NULL

end for
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findmin () /% find h,where C[1][ k] is minimum
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degree[l] and minind _ edge[l] %/
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(a) POF (b)) NUDMM (¢) NSGA-II (d) SPEA2
El6 POFM=FHILIENUF7 LBKII RN
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Algorithms NUF1 NUF2 NUF3 NUF4 NUF5 NUF6 NUF7 NUFS8
— 0.005894 0.008405 0.002405 0.009321 0.039265 0.001861 0.028279 0.047941
0.003002 0.006954 0.001574 0.007451 0.012423 0.001241 0.015417 0.032147
NSCAL 0.008817 0.012471 0.007412 0.016242 0.045644 0.005412 0.106547 0.123654
i 0.008651 0.009874 0.001542 0.005412 0.016571 0.002147 0.116471 0.132546
DA 0.006471 0.008741 0.004115 0.009451 0.040212 0.002941 0.029654 0.066040
0.001964 0.006878 0.001642 0.006327 0.010457 0.001365 0.023541 0.025324
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f64% ED I, NUDMM 4 2 H AT S 0 45 R, 5 51 & £
NUF3,NUF6 Fl NUFS [ ARS8 A B 8 % F) iz HF
Wrdg b5 MS', = Bl 835 45 AT, NUDMM 7€ NUF3,
NUF6 \NUF7 I ik B £ {I, 1 NSGA-II #l SPEA2 43 1| 7E
NUF2 .NUF4 #il NUF1,NUF5 NUF8 |75 2| & 0. 4 =

F7E 3 HFRE)E NUF7 1 NUF8 |, NSGA-II i 5 1 43 4
OB LA 25 T H e PR S X 2 i T NSGA-TI fift 46
WS 3 JR1ER Pareto 1 LAY . B 5.6 A T =&
IETE NUF3 F NUF7 b e &g SR 0 A A1 0L . 45 5 K R
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Algorithms NUF1 NUF2 NUF3 NUF4 NUF5 NUF6 NUF7 NUF8
0.99158 0.99942 0.99946 0.99901 0.98557 0.99926 0.97226 0.99326
NUDVM 0.00083 0.00017 0.00011 0.00034 0.00264 0.00016 0.01034 0.00814
NSGATI 0.99334 0.99944 0.99872 0.99906 0.98764 0.99862 0.84354 0.97486
0.00086 0.00009 0.00032 0.00042 0.00186 0.00046 0.38592 0.02647
. 0.99387 0.99867 0.99241 0.99871 0.99101 0.99759 0.95641 0.99347
SPEA2 0.00067 0.00016 0.00084 0.00031 0.00129 0.00033 0.05249 0.00947

4.3 W SEEHEEM WA E GD I B . NUDMM 7£ NUF2, NUF3, NUF6,
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TR 25 0. AT LUK B, bR T 7€ NUFL I, SPEA2 Z T
NUDMM b % He A dE #4157 I3 pR 5, NUDMM #540 F f
LIS , o 1] S X B E MR 84 ) NUF7, NUDMM 22 Bl (2
FH AR . 2 S W =B 8 AN E SR
PREL HV PR 455 . NUFS 455 N B EU(E 2% 3374 7E 30
UGEATH RN VR B . T A& B, NUDMM 7 HV _E A4

NUF7,NUF8 I #1145 & 1/ {f, SPEA2 7 NUFI ., NUF4, NS-
GA-1L 7E NUF5 ik 2l 5 X vl fe & T HV &
—FPLE G PEREE A5, B2 R IS oy A ¥ )
M A3 Iz Mg s 1919 SPEA2,, NSGA-IT 7E 3% 46 bR 45
I REAR B A0 A I R, TR RE R B K HY
(B, BRI I AE IF Hff 1 S B Al 35 5 ) R0 43 A1
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Algorithms NUF1 NUF2 NUF3 NUF4 NUF5 NUF6 NUF7 NUF8
0.0159176 0.0024192 0.0006727 0.0018298 0.0008269 0.0001328 0.0049869 0.0002354
NUDVM 0.0070097 3.953E-005  6.571E-005 0.0001614 0.0001159 2.027E - 005 0.0009272 0.0001532
NSGATI 0.0617145 0.0028161 0.0025321 0.0036463 0.0011891 0.0002051 0.0120774 0.0002412
0.0135976 9.847E - 005 0.0025383 0.0003516 9.674E - 005 8.097E - 006 0.0012363 0.0001051
SPEA2 0.0005604 0.0028876 0.0013903 0.0031531 0.0016485 0.0004208 0.0195618 0.0002861
1.085E-005  6.954E - 005 0.0015306 0.0010122 0.0001135 8.346F - 005 0.0010531 0.0001931

R5 ZAEMRITNER HY HEHER
Algorithms NUF1 NUF2 NUF3 NUF4 NUF5 NUF6 NUF7 NUF8

NUDMM 3.02310 37.079%4 2.80754 6.28417 0.84564 7.33749 9.85338 7.10654(23)

0.001546 0.005471 4.63E - 005 0.000574 0.000219 0.000647 0.033214 0.471253
NSGA-IL 3.02167 37.0775 2.80652 6.28291 0.84571 7.32762 9.56179 6.63796(11)

0.002219 0.008126 8.85E - 005 0.001027 0.000331 0.001351 0.045688 1.523476
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