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The Dual-archive Scheme
Which Maintains the Diversity of the Solutions
in the Objective Space and Decision Variable Space

Mira KiMm,r TOMOYUKI HIROYASUtt and MITSUNORI MIKIt

In this paper, Dual-Archive scheme (DA_scheme) for Multi objective Genetic Algorithms
is proposed. The DA _scheme is the mechanism to maintain the diversity of the solutions of
Multi objective Genetic Algorithms in both objective space and design variable space. When
decision makers choose the solution from the Pareto solutions, they use not only the objective
value information but also the design variable value information. Therefore, it is very im-
portant to maintain the diversity of solutions not only in the objective space but also in the
design variable space. Since DA _scheme can be applied to general Multi objective Genetic Al-
gorithms, it is easy to use. DA _scheme has two archives: one of them maintains the diversity
of solutions in objective space and the other maintains the diversity in design variable space.
The effectiveness of DA _scheme is examined through the test functions where DA _scheme is
applied to SPEA2 and NSGA-II. The results showed that SPEA2 with DA _scheme has the
same searching ability as SPEA2 and SPEA2 with DA _scheme found the solutions that have
higher diversity in the design variable space compared with those of SPEA2. The tendency
of the results of NSGA-II is almost the same. From these results, DA _scheme is very effective
scheme to derive the Pareto solutions that have the diversity not only in the objective space
but also in the design variable space.

gooobooooooobooooooooooooon

1. 0000
gboboboboboobboobooboboobooo
goboooboooobooboobobooobooo goboodobooobooboobouoboobooo
gobo0obobooooobobooboobooo gboobobobobooooobooboobooboobooo
goboooooboooboboooboobobooo
t0ooooooon Jo0o00o01000boboo0obooooooboooo
Graduate School of Engincering, Doshisha University 0000000000000 00000000000
i ID(EO\DNIDCdDgS EDaninccring Department, Doshisha Univer- booboooooooouooooooooooo
sity J00d0d00ooOooDooooobooboobOoOooOo

102



Vol. 46 No. SIG 17(TOM 13)

000000000000000000000000
000000000000000000000000
0000000000000 00O0O00O Genetic
Algorithms: GADODOODODODOOO GAOOOOGA
000000000000000000000000
00000000000000000000000

000000 GAOODOOOOOOOODOODD
0000 Zitzler 00 SPEA2Y 0 0ODeb 00 NSGA-
I 0000000000000000000000
0000 GAOOOOOO0OO00000O0O0O00000
000000000000000000000000
0000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000

00000000000000000000000
00000000000000000000000
O Dual-Archive schemed DAOOOOOOOOOOO
DAOODOOOOOOOOOO 2000000000
000000000000000000000000
000000000000000000000000
0000 GAOOODODOOOOOODOOODOOO
oooo

000000000000000000000000
000000000000000000000000
000000000000 DAOOOOOOOO GA
0000000000 SPEA20 NSGA-IOOODO
000000000000000000000000
ooooo

2. 00O00O0OO

2.1 0O00O00O0OOO
000000000 Multiobjective Optimization
problems: MOPsOO 0Ok 000000 f(&) 0 m0O
000000000000000000000000
oooooooooo®o

min  f(&) = (f1(Z), fo(Z
subject to Te X ={Z
| () <0,

) ~JM@V

( ~,m)}
(1)
000000 &= (z1,22,...,2,)7 0 n 0000
00000000000000 f(Z) 00000 (&)
0000000000000 X000000oo0oo0o

goooooooobobooooooooooobooooooo 103

00000000000000000000000
000000000000000000000000
000000000000000000000000
ooooooooo

2.2 0000000
00000000000000000000000
000000000000000000000000
000000000000000000000
0000000 mx'0x*>ec R" 0000

) < f6®) (Tp=1,...,k) 0D fi(x') <
fx(x?) (Cp=1,...,k)0000x*0 x> 00000
oooo

00000000000 000000000000
ooooooooon

0000000000 mx®eR*0000

X 00000 ze R"O0D000DO0OOxY00
0oooDOooooon

0000000000000000000000GA

000000000000000000000000

ooooooon

2.3 000000000000

GADODODOOOOO0OOODOOOO0DOODOOO0O0

0000000000Y0000000000000

0000 GADDODOODOODODOOOOOOO0ONn

0000000000000000000000000

000000000 GAODOODODOO GAO

000000000000000000000000

000000000000000000000000

000000000000000000000000

000000000000

(1) 0O00O0OO0OOO
000000000000000000000
0000000000 0000000000
000000000000000000000
000000000000000000000
000000000000000000000
ooooov2R)eng

(2) 0DOOO
000000000000000000000
000000000000000000000
00000000000000°000000
000000000000000000000

Y 000000 GADODOOOOOOOOOOOO0000000
goooooooooooooo



104 goooooooooooooooooo Dec. 2005

Sit9

01 000oooooo
Fig.1 Shape of each objective function.
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Table 1 Test problems.

Problem | Functions
BPF min f; = 1 — exp(—4x)sin® (5mz1)
min fo =g X h
n 0.25
21:2 i
n—1 )

hz{lf(QQQ it 1 < g,

0 otherwise
z; € [0,1], i =10

KUR  |min fi =Y " ' (=10exp(—0.2,/(z? + 22,,))
min fo = Z;(Iwi\o's + 5sin (2;)®)
z; € [=5,5), i=3

g=14+10

02 0DOooo
Table 2 Parameters.

Population size 100
Maximum generation 500
Crossover rate 1.0

Crossover method One point crossover

Chromosome length 20 x Number of variable

Mutation rate 1/Chromosome length 0
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Fig.3 Evaluation based on sampling straight line.
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Table 3 Result of setting in NSGA-II.
a) Cover rate

Cover rate Cover rate
(Object archive) (Variable archive)
DAscheme_withOA 0.23 0.70
DAscheme_withVA 0.27 0.70
NSGA-II 0.18

b) SLI

DAscheme_withOA / NSGA-II 50% / 50%

DAscheme_withVA / NSGA-IT 50% / 50%
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