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Hybridization of Evolutionary Multiobjective Optimization Algorithms with Local Search
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In this paper, we discuss the hybridization of evolutionary multiobjective optimization (EMO) algorithms with
local search. First we show that the main positive effect of the hybridization is the improvement in the
convergence speed to the Pareto-front through computational experiments using our multiobjective genetic local
search algorithm. Next we show that the main negative effect is the deterioration in the diversity of obtained
solutions. Then we demonstrate that local search can be easily combined with recently developed EMO
algorithms such as SPEA and NSGA-II. Their search ability can be improved by the hybridization with local
search. Finally we point out the importance of striking a balance between genetic search and local search.

Key Words: Multiobjective optimization, Evolutionary computation, Hybrid algorithms, Memetic algorithms, -

Flowshop scheduling

1. FLHIC

T4, A E 2 2 B BB LRI @A+ 5 LR
% BB LIC BT 2O NGB 2 4ED, 20N
WEREZR-EHEBESZNRE SN ETIZE-> T

OO0, (% BIREL TH, /SL— MEEE~D

WHRMR X OB ENT-MESOSHEE L RIBICER
THIENEETH L. EILEL B EELICET 59
HOBFETiZ, HAIBIERZE MM O IE W EBHIC /TR L7 %
BRI/ — MEERE G 2152 72010, R OMERIC
BABREIN =000 —%  ESFOFERETIX, £
FRIVEDHERF & MRS /S L — MR~ DRI b &
BREIN, THLT Y RADOEFTHRICEBONT-EEN
HLMREGERGET IV — METFEROBEENR
FHShTETWRIHD R — N B ~DU M %
M ESE D7D DOH LB DO—o, #ELR L B
BWEFEL RFRR L DA 7Y v FMeTh 5. kit
HFELRIBERLEOANL T Y v F7 AT Y X NE
Memetic Algorithm® & ME(TH B AFZE4TBF 2 MERR L, B
—HMBEICE L TIRE < O ERENRE SHT
W8 gzpx HIERIRE~IS SN E Rk
DELBRFRB L DONA TV v FTALITY XLTH
HLEbNTWA, EH 513, £ EMREREIC
%3 2 B # D Memetic Algorithm T % % H B ENE
FTER#E (MOGLS : Multi-Objective Genetic Local Search)

DRBEEIT 729, Jaszkiewicz®V i BB K D RIN F 1k
LTS5 L TEE LD MOGLS DR EITo72. &
7z, Knowles & Corne® X BETIERM D % H W@ L F

1ETH % PAESUDIC R E A E AT 25 2 & T Memetic
PAES (M-PAES) %% L7/-. MOGLS & M-PAES Ot
8, Knowles & Corne®¥ . O Jaszkiewicz®Y 1T
T3, ,

L B RE{L FEICRTRRE 2l b0A T = L
DERDFFIL, 78— MRERA~DOWE D ETh
5. i, Eﬁ-—ﬁé@%i@ftF’uﬁ%c:iifré/WfU v K
LD RBERE~DREMEZ A LS D 2 Lokt LTy
5. —J, ATV v NMeoRBBESE, HELHICSLE
RRFEREOEMTH L. R, 7A=Y X ADET
WERRE S N EHEFIN TIThN 5 729, R FEH I
ELRHERB OB, tHRBEOBA LW I BRI S.
Z D=, #ELRZL B WS L FIE OB RIS ESR ke
AP+ FECRE ST, BEIER SN IRELG DS
BT 5. Zhid, BRBIERZERPN DRV EEREIC
S LTSRN L — MNEEROBEY B L Lt
LR L BREICBOTRERBBEL 5. —F, B
— BRIBBELRRE T, B 0BE, BRUICESSh
LMEATRDOOLREMNROBEHEOLERIZEEC
=S /AR

KRR TIE, RFTHER L DA TV v Rt B £
HMBE L FEOBRRENCRIZTEES»ERTS. &
T, REF BRI OAHERCBFER L BHAT - &
T MOGLS OHRENKE KB END Z L ERTE®),
RIZ, R I372 MOGLS Z AW - #IEERIC L D,
A7V M3 /S b — M EBER~ DU M % ) E X4
DT EERT. BRI, N T Y v MR EBE IR

(No02-10] HABMBREESEI2E A VF VD2V be VAT Aoy VY EY 7 AHEBERE (2002-11.21,22 48 )

NI | -El ectronic Library Service




The Japan Soci ety of Mechanical Engineers

EADBEMLETEIREILLTT. &b, BV
RENEESOZ LRI TV AR L B AREIL
FIETHD SPEAIE KT NSGA-UUIC RATHRE &
At FiExTRYT. SPEA B X U'NSGA-Il DA T U >
RPN AAERWEEEERICLY, Zhoondg
FY v F7AIY XAH SPEA R NSGA-II L 0 &N

BEENEROZLERT. BB, N7V v KT

Y XAITRTIEBEHIERERBFTRRELE DT /A
DEEMZH LTS,

2. ZEMBRGHRFER7ZILIIXLOBE

AFRTHNS S HOREHRIERT AT Y XA
OEMN AR 1 1RT. TTYHEEENER SN,
(LRI HEBILFETH LWEARICEH IND. &
HENTH UWEERIC L CRFTERENSER I, #
HWEEOHEMTOND, I, WRSh-EEEIZE
b7 % B BYEGE L FIEME R S, 3 LWEEREEDS AR
Eha., 20Xz, "MT7Yy F7Aa ) XATH,
L EOEBILFECLIH LUWEREOER &
RAFTRERIC L A BBBOWBRNRVIESND.

EL

Initial
population

LR B RE{LFIE

Improved New
population population

JRETER R

Fig. 1 Generic form of hybrid algorithms.
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Fig.2° Local search directions.
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Fig: 5 Former MOGLS and modified MOGLS.
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Table 1 Average distance from reference solutions.

MOGA __ MOGLS

Problem MOLS
2/20 584 4.40 8.52
2/40 22.92 17.27 28.52
2/60 23.83 19.35 22.54
2/80 97.75 67.15 72.28
3/20 8.73 7.68 . 11.63
3/40 21.45 19.61 21.33
3/60 31.49 25.38 53.41
3/80 35.79 31.18 31.49

Table 2 Average number of obtained solutions.

Problerri

MOGA MOGLS - =~ MOLS
2/20 21.05 22.25 13.60
2/40 23.55 . 2260 10.80
2/60 19.60 15.75 10.85
2/80 14.35 12.65 8.20
3/20 126.45 107.80 48.40
3/40 94.40 58.00 48.10
3/60 98.05 70.45 20.05
3/80 74.40 51.25 30.80

Table 3 Average ratio of the non-dominated solutions.

Problem MOGA MOGLS MOLS
2/20 0.475 0.737 0.416
2/40 0.283 0.740 0.255
2/60 0.313 0.613 0.502
2/80 0.135 0.659 0.509
3/20 0.483 0.641 0.480
3/40 0.643 0.442 0.632
3/60 0.549 0.778 0.026
3/80 0.427 0.496 0.788
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fEZ V720 MOLS TiE, #9 Lb 3L — Mg~
DOULEME L E < 1X22vy (B3 D 2/40 & 3/60 & HR).
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F D KFIE; Mann-Whitney U test 1223 < BREIZHB W
T, N7V Muic & DHERER E23 95% DfEE T
HEENCE B CHoTmZ LA RL TS,

Table 4 Average distance from reference solutions.

Test  Pure Hybrid Pure Hybrid
SPEA NSGA-  NSGA-II
problem SPEA —————— o
Ver.l Ver.2 11 Ver.l Ver2

2/20 5.1 47 5.0 5.8 5.1 5.1

2/40 21.7 15.7 19.6 152 146 144
2/60 19.1 184 185 178 180 175
2/80 973 505 71.7 713 60.5 647
3/20 108 96 93 106 9.7 8.8
3/40 162 159 159 202 182 182
3/60 249 236 236 359 288 282
3/80 259 260 254 278 272 27.1

Table S Average number of obtained solutions.

Test Pure Hybrid Pure Hybrid
problem - SPEA SPEA NSGA- NSGA-II
Ver.1 Ver.2 11 Ver.l Ver.2
2/20 235 223 232 19.6 203 21.0
2/40 21.8 237 225 231 215 242
2/60 21.5 207 234 19.9 208 22.0
2/80 12.0 9.7 10.1 16.0 16.5 16.0
3/20 30,5 306 308 .489 470 53.6
3/40 60.3 603 608 592 56.7 58.7
3/60. 61.0 30.8 308 415 312 374
3/80 606 606 595 536 51.1 533

Table 6 Average ratio of the non-dominated solutions.

Test Pure Hybrid Pure Hybrid

problem SPEA SPEA NSGA- NSGA-II
Ver.l Ver.2 11 Ver.l Ver.2
2/20 048 0.61 050 050 0.53 0.53
2/40 0.05 034 002 031 039 032
2/60 024 029 022 025 019 024
2/80 0.04 053 o0.11 0.11 032 0.26
-3/20 023 058 047 026 036  0.54
3/40 029 039 036 024 031 028
3/60 042 044 047 0.18 0.28 0.15
3/80 026 032 034 035 023 022

X512, SPEA ® Verl ~"A 7V v K7 Iy Xh%
RAWTRIIRRONR LT . BERICIE, BETER
DIk L JRFTERERER p g D 1328 Y OMAEE %
B $%iEERE 2/80 BIEICH LTiTFo 7. KIEER
OERER6IRT. W6 LY, k& pghfkickEw
BE (PO TOR) Tk, "7y F7AITY X
LOMREBRESEBLLTWDIZ LBSNE. ZOHE

TIXRFTRRICEFERER O K B3EDN, HHREHIX
BT THo7. £, RFBEZEzEHVn
pLs =0 DBE L BT B &, k-pr g FEOK LM
TICHELS FET I ROMO THREDR LAR LS.
—%5, BT, ZEHER pc & RARERMEE py D 121
Y OMERIZHTIRETHD. 7LD, XL
REBRZE2ITLRWVWEES, Thbb, pc b py it
120 DHFE T, HRENPKESELLTNBDZ LRG0
5. ’

Fig. 7 Effect of genetic search.
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A 7Yy R7ATY RALTIE, BIcHIEE L BFTREED
WHRLETHEZ L bHLMC L. &5IT, SPEA
2 NSGA-II D & B WERMREZ B OELRLEY
B 73y AAOHRENRNA 7Y v ik Y, &
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