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Dominance Relation-Based Replacement Rules

in Memetic Algorithms for Multiobjective Optimization Problems

TADAHIKO MURATA," SHIORI KAIGE! and HISAO ISHIBUCHI!

In this paper, we extend the concept of the replacement rules based on the dominance
relation in multiobjective optimization. The dominance relation defined in multiobjective
optimization problems is used to find Pareto-optimal solutions, and each of them is a solution
which is not dominated by other feasible solutions in all objectives to be optimized. When
the dominance relation is employed directly in the local search (LS) for multiobjective opti-
mization, there are two choices for the replacement rule. One is to replace a current solution
with its dominating neighbor. The other is to replace the solution with its non-dominated
neighbor. That is, the solution is replaced with its non-dominated solution. In the first rule,
the movable area in the LS is very small when the number of objectives of the problem is
large. On the other hand, it is too large to move efficiently with the latter rule. We generalize
these extreme rules by taking into account the number of improved objectives in a candidate
solution for LS. We propose an LS unit with the generalized replacement rules for existing
EMO (Evolutionary Multiobjective Optimization) algorithms. It is applied to every genera-
tion produced by an EMO algorithm. Its effectiveness is shown on knapsack problems with
two to four objectives and test problems with known Pareto-optimal surface with three to five
objectives.
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Fig.1 The area of candidate solutions which replace the

current solution x by the dominance relation.
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Fig.5 Eight possible spaces for the current solution in the case of three-objective problems.
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Table 1 Parameter settings for EMO algorithms.

(# of objectives, # of Population pols)ii::iiir;ze
# of items) evaluations size in SPEA
(2, 750) 125 000 250 100
(3, 250) 100 000 200 80
(3, 500) 125 000 250 100
(3, 750) 150 000 300 120
(4, 250) 125 000 250 100
(4, 500) 150 000 300 120
(4, 750) 175 000 350 140
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0000000000000 00000000000
0000000000 90000000000 90
0000040000 d=200000000000
000000000000000000000000
0000000000000000o00Ooooooon
000000000000000000000000
000000000700 80000000000
000000000000000000000000
00000000000000000000000
0000d=100000000000000000
000000000 EMOOOOOOOODOO0OO
0000000000000 0 OIshibuchio 2® 00

Feb. 2004

02 300000000 SPEAUO0ODOOOOOO SPEADO
oo
Table 2 SPEA and its variants for 3-objective problems
(250, 500 and 750 items).

NoLS d=1 d=2 d=3
No LS - 0.0311 0.0088 0.0179
d=1 |0.7444 - 0.1960 0.2123
d=2 |0.8437 0.5142 0.3671
d=3 |0.8044 0.4484 0.2796 -
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Table 3 NSGA-II and its variants for 3-objective
problems (250, 500 and 750 items).

NoLS d=1 d=2 d=3
No LS - 0.0961 0.0862 0.1147
d=1 |0.4373 0.2274 0.2369
d=2 04797 0.3283 0.3127
d=3 |0.4466 0.3326 0.2473 -
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Table 5 SPEA and its variants for 4-objective problems

(250, 500 and 750 items).

No LS

d=1

d=2

d=3

d=4

No LS -

0.0038

0.0010

d=1
d=2
d=3
d=4

0.8820

- 0.1488

0.0001
0.1369

0.9353
0.9299
0.9161

0.4231

0.2394
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0.1697
0.2904

0.4356
0.3756

0.2792 -

0.2976
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Table 6 NSGA-II and its variants for 4-objective

SPEA NSGA-II
Spread Spacing | Spread Spacing
No LS | 2040.7 59.8 1782.3 48.0
d=1 | 1818.5 54.4 1063.0 52.5
d= 1803.1 53.9 1018.2 51.7
d=3 | 1818.5 49.4 980.2 62.2
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problems (250, 500 and 750 items).
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Fig.10 Dominance relation and spread of solution sets.
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Table 7 Spread and spacing (4 objectives and 250 items).

SPEA NSGA-II
Spread Spacing | Spread Spacing
No LS | 2135.4 105.0 1852.3 66.5
d=1 | 1745.2 85.7 1005.0 65.5
d=2 | 1712.2 80.7 962.1 63.5
d=3 | 1687.1 81.5 942.4 59.6
d=4 | 1706.4 76.2 912.8 58.4
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Min. fi(x) = %xlxz cxy-1(1 4 g(xw))

Min. f2(x) = %xlxz o (T=zy-1)(1+g(xn))

Min, fy_1(x) = %xl(l — 22)(1 + g(xn))

Min. fa(x) = %(1 —21)(1 + g(xn))

st. 0<z; <1, for j=1,2,....m (13)
0000Oxy O00n OD0OO0ODOODODOODOOOOOOO
00 g0oobobOOobbOoobDOoobbboboooog
0o0o0oo0oo0oOooooo 28000000
gooboboobog

9(xw) =100 (jxn] +  {(x] — 0.5)°

*
x5 eXn

—cos(20m(z} — 0.5))}) (14)
goo0ooO0o0ooOooUooUoO(WN-14n)00O0O0OO
oo NDDDDDDDDDDx;ZOﬁ(x;ExN)I]
D0ONO0D000 YN, f£=050000000
gboooobbod0d 110 300o0oo0obooooo
goooooo

0 DTLZ20

DTLZ2000 120000000000000CO
gobooocoooobooos3sbooboomooo
oboooooooo

f

(0,0,0.5)

0,0.5,0)

0.5,0,0)

s

011 300 DTLZ1 000000000
Fig.11 Pareto-front of DTLZ1 (three-objective problem).
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Fig. 12 Pareto-front of DTLZ2 (three-objective problem).

Min. fi(x) = (1+ g(xn)) cos(gxl) e

cos(ng,Q) cos(gm,l)
Min. fa(x) = (1+ g(xx)) cos(Ga1)- -
cos(g:cN_g) sin(ng_l)
Min. fa(x)=(1+g(xn))cos(Fa1) -
sin(Zay )

2

Min. fy_1(x)= (1+g(xN))cos(z:c1) sin(zxg)

2 2
Min. fN(x):(Hg(xN))sin(gxl)
st. 0<z; <1, for j=1,2,..m
where g(xy) = Z (zF —0.5)° (15)
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Fig. 14 50%-attainment surface obtained by SPEA with/without local search.
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Table 8 SPEA with proposed method for 4-objective
DTLZ1.

NoLS d=1 d=2 d=3 d=4
No LS - 0.5066 0.3449 0.3475 0.2835
d=1 |0.1639 - 0.3064 0.2676 0.1939
d=2{0.2920 0.4347 - 0.3523 0.3052
d=3|0.2326 0.4394 0.3479 - 0.2746
d=4 |0.3488 0.5134 0.4128 0.3910 -
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Table 9 NSGA-II with proposed method for 4-objective
DTLZ1.

NolLS d=1 d=2 d=3 d=4
No LS - 0.6700 0.3468 0.4559 0.2871
d=1 |0.1150 - 0.0663 0.1429 0.0701
d=2 04175 0.6711 0.4722  0.2926
d=3 |0.2503 0.6393 0.3138 - 0.2099
d=4 |0.4588 0.7142 0.4638 0.4687 -
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Table 10 The number of wins of the proposed local
search with 1 < d < N (SPEA).

SPEA
# of Objectives: Comparison 2 Rate
3:(d=2)>(d=1,3) 1/2 1/2 2/2 0.667

4:(d=2,3) > (d=1,4)
5:(d=2,3,4) = (d=1,5)

2/4 3/4 4/4 0.750
5/6 3/6 5/6 0.722

011 1<d< NOOOOOODOOOOOOOODOOODOO
0 NSGA-I10
Table 11 The number of wins of the proposed local
search with 1 < d < N (NSGA-II).

NSGA-II
# of Objectives: Comparison I =2 7 Rate
3:(d=2) > (d=1,3) 2/2 1/2 2/2 0.833

4:(d=2,3) > (d=1,4)
5:(d=2,3,4) > (d=1,5)

2/4 2/4 3/4 0.583
5/6 3/6 4/6 0.657
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Table 12 Spread and spacing for 4-objective DTLZ1.

SPEA NSGA-II
Spread Spacing | Spread Spacing
No LS | 115.0 8.6 19.6 1.1
d=1 151.3 11.5 65.0 4.1
d=2 146.8 15.4 36.2 2.5
d=3 139.1 14.8 19.8 1.3
d=4 123.7 13.0 14.7 0.7
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