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Objective-reduction using the least squares method
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Abstract: Multi-objective evolutionary algorithms are widely applied to many real world problems; however, most of the
papers merely focus on the problems with two or three objectives, in which objective-reduction has become a research focus
for many multi-objective optimization. From the views of decision makers, this paper proposes a new objective-reduction
using the least squares method(ORLSM). This algorithm fits each objective into multi-straight lines and determines the
most redundant objective couples between each two slope vectors for searching the most redundant objective. Moreover, in
view of the variety of individual dominance relation after the number of objectives is decreased, a performance assessment
metric based on the changed Pareto dominance ratio(CDR) is also proposed. From an extensive comparative study with two
similar algorithms in terms of inverted generational distance(IGD), CDR, and running time on 3 test problems, ORLSM

indicates its superiority in overall performances; CDR and IGD almost have the evaluation in assessments.
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1 5|3 (Introduction)

% H 5 246 57 (multi-objective evolutionary al-
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2 MK TAE(Related work)
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FHNIWEFR) — AR v 8, TCR H bR b 4R o 4k
P A H AR 0] ) T VER AR 2 A A RV U AR
TN ITVE F AT 328 Fe T 140 5T H AR >
S, BT BN TR I B AR D S5, DURET
FRAEEFER) H bR > k.

2.1 FETERSHTI B R 5% (Objective-
reduction using principal component analysis)

DebAlSaxenaft i T & T 3 43 & 4 M (principal
component analysis, PCA)[f] H bz ik /b 5 yL4~61 7
PATPCAZI BT 702, 1 56 H bn =S (M AR AL,
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2.2 EET /D TARE I K H AR>S (Objec-

tive-reduction using minimum objective-subset)
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Fig. 1 Comparison of redundancy objectives in
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Fig. 2 Sorting the objective space
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4 sEI g B 5 43 Br(Experiment result and
analysis)

9 7 WX ORLSM ¥ 1 B, 7 I 32 U A R 2R 45
TRBEAT SEHG EU L. — AN 2 HiBrockhoffFl Zitzlerdi H:
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Table 1 DTLZS IGD average value

HisAM % JCs  BZs  ORLSM(5E)
5 0273 0.144 0.0216
10 0.561 0.323 0.0166
15 0.191 0.385 0.0218
20 0306 03 0.0152
25 0.195  0.507 0.0165
30 0379 0.313 0.0177
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Fig. 4 Non-redundancy objectives-distribution
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Fig. 5 DTLZ5 computation cost of every algorithm

XF 10K b FUDTLZ7, %341 /8 T XDTLZ7(3,
M), 3L IGD P 45 L.

# 3 DTLZ749IGD-F ¥4
Table 3 DTLZ7 IGD average value

HiM ICs  BZ's  ORLSM(5E)
5 0.558 045 0.466
10 17.63 175 17.57
15 40.45  40.52 39.52
20 57.78 57.47 57.27
25 7317 72.93 72.97
30 87.16 85 84.16

M3 A%, BZ’sFIORLSM ELIC s 43 4 i 1iE s
Tl if— 4%, BZ'sHIORLSMAEGA MR 7 v &y —
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Fig. 6 DTLZ7 computation cost of every algorithm

FeAW| R T MR K BDTLZ2BZ I IGD - 2411, M
FAn] 51, ORLSMANIC s b i3, e AT 14E6 50k
i rh 8% by 23, BZ s 45 B LIt ok 22—k,

1E iz BN 1) 5 1, ICsH /D, Uk /2 ORLSM,
BZ st K, WIEITH s,

# 4 DTLZ2BZ#1GD-F ¥{&
Table 4 DTLZ2BZ IGD average value

HiaM% JCs BZs ORLSM(5E)
5 0.168 0.375 0.178
10 0233 0.498 0.283
15 0391 0.364 0.328
20 0352  0.425 0.37
25 0.383  0.395 0.355
30 0.6 0472 0.371

500
400

300 -

t/s

200 -

100 -

1
10 15 20 25 30

W

FArAN %

Kl 7 SKARDTLZ2BZIN % HVE KIS S (]
Fig. 7 DTLZ2BZ computation cost of every algorithm
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4.2 XK R SR FEPEM J7 #(Changed Pareto
domination ratio metric)

HIGD VAT H AR S5 R B8R N AE AR 34N T
TATAS A :

1) IGDVFA 773 1) R i VP S e s vk
fiE, EIF A BEAERA b S e H bR D SRR L S R

2) IGDPFHY J5 v 0 2 55 i 5 L Sz ParetolH] )
153, I 3K i Pareto T 351 57 1Y 3 A1 st 3] 2 260 3
PR K S BRI A I sk 1 2 IR HE ).

3) {& HFR4ER LA S I DL, S Paretolf] I
RN EOR 22, IUBOR, THE R, JeR & K.

I, AR SCHE MR TSI Ok R VR T
72, BV H brod /b |7 J5 Pareto SR IR FR B4R 17 B R
(changed Pareto domination ratio, CDR).

— R BRAR G A, QR —AN H bRy 75 A8 H
J&, BT BRI 0] JBAE H FR sk J A A 18]
SCRLOR B, XA 712 e i 1), BIEESK P sk D (1)
H A 58 A ph 2 1), SR, S B Ll B 2,
Bk b 58 WA MR B R BN H bR, BRI, —
R, HARD AT S, MAMR SRS R ie s —
LEAR LY.

H A5 92> 11 )5 Pareto S C 6 28 2O 1) EE 36, 3t a2
TEAEHH H brisk > 553922 )5, ParetosZ I 5% 22 U538 (1 54
DB BB T L 2%, CDRITHE A e
T

n n

CDR = (3 > flxix;))/n* (6)

i=1j=1,j#i

KO nAFIHER N, # H bR T G2 M
(R SCBE R R T O, f(w, xy) AR 1 15 0,
0. CDRAFZI & —ANF 2 L, & BN [0, 1], 1%
/N BR G an 2R, Ui B D 1 B AR S AR
i Pareto > it 7% &.

#5%1)7~ TCDRIMADTLZS (3, M) #441. NS
A%, ORLSM LLIC sFIBZ s N H A AEDTLZ5(3.M) I
FAE P, e ree Al &8 8 20T 7 4
PN B

& 5 DTLZ54CDR-F ¥4
Table 5 DTLZS CDR average value

Hiz M ICs BZ’s  ORLSM(5E%)
5 0233 0.0478 0.0022
10 0261  0.138 0.00047
15 0.0374  0.106 0.0261
20 0.118  0.121 0
25 0.0546  0.349 0.00551
30 0.143  0.111 0.00012

264 7~ 7 R K EDTLZ7.M)VEMT 45 5. M

FKon 4, BZ st 73 AN ANSIENE AR 6N I
TR —2F, ORLSMANC s HESEA A%, H
2R B

4 6 DTLZ74)CDR-F ¥4
Table 6 DTLZ7 CDR average value

Hia M2 JCs BZs ORLSM(5EX)
5 0.103 0.127 0.113
10 0.178 0.186 0.176
15 0.197  0.199 0.197
20 0.248  0.195 0.202
25 0.204  0.143 0.204
30 0216 0.187 0.215

LT TR R D TLZ2BZ I CDR - {H. M
LTI %1, ORLSMAE6I Mk Hh 455 5 )L, BZ’s[FJCDR
1l 5 & B, ICs SBZ s & A LI k. sk
i, ORLSMAZE i ph A DTLZ2BZ - LLIC s FIBZ s
AR A

%7 DTLZ2BZ#CDR-F#)14
Table 7 DTLZ2BZ CDR average value

Hix M 1Cs BZ’s ORLSM(5E)
5 0.0972  0.0333 0.0709
10 0.156  0.0877 0.0852
15 0.118  0.0922 0.0773
20 0.106  0.0824 0.0644
25 0.0589  0.154 0.117
30 0.079  0.0917 0.0673

AT FHCDRYEAN 77k, 0 AR X3/ I pR %
DTLZ5, DTLZ7FIDTLZ2BZ, %tORLSM, JC’sHIBZ’s
IANELVEHAT T M REDAR, WA 45 H 5IGD )y ik A
— 3 IGD 7 M VP BV I S B, 1TCDR
M PPN H AR 98D BT S S 0% &R U0 1) L,
CDR 8 idi & H TV H bross b 53255 164, CDRANRE
PLE S Paretolfl, & I TH S AL & LL /S, Al AR 2 5
]z,

5 4Z5i&(Conclusion)

A ST NSRS () A 2 8 H AR LA In) i, 2
T M /D Ak H bRk /b 57 (ORLSM),
ZIT R ST HAR R MNP A A TR H R,
T 3k bl LR B 2 TR) (R R 2 ZE A e LR H b
o, BT E U4 H bR, AR H bRakb 55 AN A
LR A MR DL, $E T — AP TS0l O R ik
AR R BV J7¥(CDR). Tl 3 N IR 6 5 DTLZS,
DTLZ7HRIDTLZ2BZ, X F W # A [ 1 DFA 77 ¥A1GD
FICDR, 73 5] MOC S A 32 HE 6 R o A8 R 2000 18 b
XFORLSM, JCsHIBZ 3/ ik ik 47 1 1k g liak; [
B, X 3N FE IS AT RO AT X LL k. 45 SRR,
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