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Abstract: Multi-objective optimization problems often involve incommensurable and competing objectives, and the
number of their Pareto optimal solutions is usually infinite, thus it is very important to find a sufficient number of
uniformly distributed Pareto optimal solutions for the decision maker. A novel algorithm is presented to solve the multi-
objective optimization problem in this paper. The ideal variance of rank of the population and the variance of density of
the population are firstly given. Using the ideal variance of rank of the population and the variance of density of the
population as two objective functions, the multi-objective optimization problem ] is then converted into a bi-objective
optimization problem II. For the transformed problem I, a novel multi-objective optimization genetic algorithm
(RDMOEA) is also proposed. Finally, computer simulations for the three difficult standard benchmark functions are

performed to verify the results.
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1 5|5 (Introduction)
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—MEFHE BirBEE R, TRRWA, AR HNE
BN Z BRI RILEEA RIFMIEERESN, K
132~ Pareto R IR ERML T i — 2B 0%
IR,
2  EAXHE3 (Basic concepts)
ZEREZEHMERET ;
minf(x) =(fi(x), fo(%), -, fu (%)),
xeDC[L,U], (1)
Hr:[L, U] D D AR %508 /Y n 458 R (8L
jjﬁi),[l', U]l = {x = (2, Xys "7
u,i=1,2, -, nl HEERZME.
EBX 1 BES  RAEBRREESENE A,
x5, oo, oy ML (¢) BZFEEPIES T ME WETE
AR R ST+ 1, (0) AN o BFF B OME
ri =1 +r,(e). B, B, — 10, ME L XFRT Binas
6] BRI RS ¢ ARETER A1 Y Pareto ST, M5 ¢
AR PR MARFER T 18, XS~ AEd BAR
R R H Fr2S 8] AR ) R BT (SR8 2
FR RS TRl ) Pareto M) , A, 1 v IFBURFHE
FIFRAEIE. S r, = ( Z (1 =r)*)/ N, Fir, N LA
B EREA 2, X r, BUD, R RS, T
R HER IR ZR UE AN RRNER
EX2 WEF REROMHBESRNE o,
x5, +o,xy ML, FLXT R Y B ARES 8] o A & 25
vy, Uy, -, Uy, id D; = min{dist(U;, U})
lj#i,j=1~Nl,dist(U;, U}) A U; 5 U; 8] IER

x,) |l <x, <

[BERS,D, = ( 3 D))/N, WX F B2l h A

BU(i=1,2, -, N) 8| M | R F xR E AR K
2R R x BB, AP ieE pi, X B
M :{j|||U;_U§||psDt,j=1,2,~~-,i—1,i+1,

N N
NV %p, = (D (p,-p)*)/N, p, = (> pi)/N,
i=1 i=1
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3 ZEBFEANKER T (Model 11 of multi-
objective optimization )
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minir,, p,| . (2)

WIRE(2) WABBEERNE, ), SABBEN
E,(f, x) , W= (1) 5XK(2) MAEAWTRERL:

EE1 E" EMB(1) i Pareto I ALEEN T
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B RS
4 HHZHERKESREEX(New genetic

algorithm for multi-objective optimization )

#ix1 (RDMOEA)
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5 1$8E4% %7 (Analysis of performance)
5.1 ik 5 % ( Test functions)

A3 3 AR R Bk B SCER (3], BEAITERE —
SesE SR AR AR, Hrp B R B T e
HE X

min F(x) = (f,(x,), fo(%)) ,
s.t.fo(x) = g(x) - h(fi(%), g(x)) -
ﬁcpx = (xlv x2’ Tt xm)'

Fi: fi(x,)=x,, g(x)=1+9 - ( in)/(m -1),

h(f,,g) =1~ Jf/g,
Her.m =30, % ¢ [0,1],i=1,2, -, m

Fy: fi(x)=x;, g(x)=1+9 - ( szi)/(m_l)9

h(f,8) =1 - (fi/8)%,
Her.m =30,x, € [0,1],i=1,2, -,m.
F,: f,(x,) =1 — exp( —4x,)sin®(6mx, ),

g(x)=1 49+ ((Yx)/(m - 1),

h(f.8) =1-(fi78)%,
Her.m =10, %, € [0,1],i=1,2, -, m.
IR AR S % &2 4E ™ (non convex ) (43 A A5
( non-uniformity ) .
5.2 R4 (Analysis of results)

xR R Y, FA U8 3 RDMOEA J# 3732
1730 W, FHASCER (3] ) 8 FpJy ik SPEA, SOEA,
NSGA, VEGA, HLGA, NPGA, FFGA, RAND fiif§
AT IR, X B ,RDMOEA 53 Hachy 8 ik
(PERSCER[3]) R AR RGR &M, B 1 ~3 B
T 9 M S WistT R iR E S MR A1 B iR ek %L
zS[E AL B (3 SPEA, SOEA, NSGA, VEGA,
HLGA, NPGA, FFGA, RAND,RDMOEA 45 R4
JEZS - A, .00, +,D>, x,VER) AT
B 8 Fh 7 BRI BUE t 8 B M3 http.//www. tik.
ee. ethz. ch/ ~ zitzler/testdata. html. Ky 3# — 2 73 7
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Fig. 1 Comparison of result for function 1 in nine approaches
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Fig. 2 Comparison of result for function 2 in nine approaches

6 EL T T T T T T T T

H * SPEA
st AaSOEA

. e 4 NSGA

i = © VEGA
4t > OHLGA

> + NPGA

> FFGA
o 3L X RAND

-3 ; 4 ¥ RDMOEA

o q
2F i 4 1
I ®v v « v v ‘e v - :v oy’ AJ

0 1 1 1 1 1 1 1 1 1

0 01 02 03 04 05 06 07 08 09 1
A
B3 FIEM F RHERLE

Fig. 3 Comparison of result for function 3 in nine approaches

A1 B#H5HRFEMES B U- REHILK
Table 1 Comparison of results of U- measure for different problems in nine approaches
BR¥  (~,SPEA) (~,SOEA) (~,NSGA) (°,VEGA) (°,HLGA) (~,NPGA) (~,FFGA) (",RAND)
F, 0.45/0.55 0.56/0.70 0.42/0.56 0.68/0.63 0.59/0.79 0.58/0.70 0.60/0.63 0.60/0.60
F, 0.55/0.57 0.55/0.82 0.56/0.60 0.59/0.70 0.62/0.93 0.61/0.85 0.66/0.67 0.67/0.78
F, 0.92/0.93 0.90/0.96 0.90/0.96 0.90/1.11 0.92/0.98 0.90/0.93 0.97/0.99 0.91/1.01

ERPHS REATTH: RDMOEA, (4, & REFE Y 5I7E & KBRS U-ERERBIES T, BB R « /# 0T

Cu 4R SpRIFORITEE Y W & SRAB AR U-E .
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ME 1 ~3 TJLUE H, A S5 B RDMOEA R i
] HY Pareto front £ THE 8 MR AT
7, B £, 5954 B RDMOEA R85 #3ESH
BB EL. SN E 1 HEEE T 51, RDMOEA
KBRBIES BN U- EEED LT 8 MyEke
B U- EREHER/D, B IE % RDMOEA LLHE
8 Fh 5 PR AB MR A HE L B AE Pareto FE L EUAE
4.

6 %512 (Conclusion)

A B R EA B RAm B L T M4~
BARRALIEE , X 5% AL G AL IR iR T T — sk
fRH 2 BAriB 15 B B (RDMOEA) , $iE iR I R A A
XH 2 RDMOEA [ 5 H ILE R 8 Fhh i R8 894
HREEAL.
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