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Abstract: Many-Objective optimization refers to optimizing the multi-objective optimization problems (MOPs) where the number of
objectives is more than three. Most classical multi-objective evolutionary algorithms (MOEAs) use the Pareto dominance relation to guide
the search and thus are hard to perform well in many-objective optimization problems. In this paper, a multi-objective evolutionary
algorithm based on information separation (ISEA) is proposed. ISEA rotates the original coordinate system in the objective space, and

makes the first axis parallel to the vector (1,1,.‘.,1)? The first member of the new coordinate is defined as convergence information, and
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the remaining members are defined as diversity information. Moreover, a neighborhood penalty mechanism based on layered selection is
adopted using the information of the neighborhood shape made of two hyper-cones to maintain the diversity of individuals. The first
hyper-cone is used to cover neighbors, and the second one to cover extreme individual whose convergence performs significantly worse
than others. Additionally, after an individual is selected into the archive set, its neighbors are punished into an inferior layer. From
comparative experiments with other representative MOEAs, including NNIA, &MOEA, MSOPS, AR+DMO, and IBEA, the proposed
algorithm is found to be successful in finding well-converged and well-distributed solution set.

Key words: multi-objective optimization; evolutionary algorithm; many-objective optimization; information separation
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Fig.1 Rotate the coordinate axes to perform information separation
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ielize:C[min(Q)aP:P7 {ielile} DQ:Q7 {ielize} :A:AU {ielile}
For each ieQ

Ifie {jarctan|DI""””_DI”'| <0 or arccosM < 45°}:
3xCT,, | i 1S5 = S |
1€0,0=0-{i}
End if
End for
End while

FESTIE 4 W, Clon(Q) R 7 NHT IS O ik MW SIUE B E B/ (A4,
3 BARRESHBEERE

3.1 BIRER
ISEA SERENLHI 4G AP ARS8 AT B — 4K, 1 Sl i VE e 6 o A8 SORNAR St 7 A~ AXRIE S 98 I 5 i /4
BEAT AR S0 B v SRS R RO SIS B 5 0 A A5 Bt 5 s SOARR AR BT R0 R 5 Pl B R AT PR B
FEAF B SACH R R AR T
BiE s HiRER
B N R RE R n, H AR EL m 3217 ARHL g
BEPLBILRAC RN P={i1,in,. .. 0}
U=RotateAxes(m)
FitnessAssignment(P,U)
For g=1 To gpax
O=MatimgSelection(P)
O=Variation(Q)
FitnessAssignment(Q,U)
M=PUQ
P=EnvironmentSelection(M,|P|)
End for
EEL 5 1 ,MatimgSelection "N . JUERBRFELEFE Variation 1848 X 78 7 ;RotateAxes 1T VI B e ik AL s
R, N 55 1 FitnessAssignment VR B Fr 0 2,900 AL 2 3476 B0 B A SRR T
i 6 ML
iR :0=EnvironmentSelection(P,x).
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BN RWRE P={iy, 00,0, ), R /DN xx<n.
itk FORE O={i1i0,...00}.
JF=NondominateSort(Py={F,F>,...,F.}
0=g
Foreach F eF
If [Q]+|F < x
0=0UF
Else
0 = QU CriticalSelection(F,,0,x—| Q)
End If
End for
LESLVE 6 ™ NondominateSort W45 & FE1E0) Pl E4T 36 L HE 3, CriticalSelection } 533 4.
3.2 FEERE
ISEA [¥JIN [A)FE 2 2255 O 3 ANHB 43 DU RCIEFE . 5 B0 B 5 I I £5 WA BE RN n, H A5 22 [0 4EHCA m,
I FRATHEE 3 IRFIX 3 ANES 3 AT 4 AT
VERCEFER I T O bR FEE A n A AR e 85 n AR T W X BE L VLR, IS ) 52 2% 2 4 O(n);
BEIE AT B LR AN SSARAN AR, A I B R SCC O 2R FINBE S0 J2L I T) 52 2% 82 20 O(m). PR b 36 438 n A1
[N [R] & 2% BE D O(mxn).
17 R0 88 B T bR 2R e e A BR R W AT T m IR O 3 A 3R ) 79 R YRS 23 0 A mem:
mx 1, DRI £ 6L 23 88 R I 1) 52 2% 2k O(mxm).
PRBE e 5 1AV R Bl 3 B e T AR S CHE 7 LA R A0 38 A8 ST WL =l S e 7 100 F 1) 42 2% B2 Ol O(mxn®)1*6).
X T AR S AT, 38— AN K S AN 1) IR 1) B 2% B O O(m); 53 411, AR50 8 AL ) 55 2 4 BT I S 2 T 4R © R i
BEANAN M I A5 Vi A5 S AR A (R A SO AR P9 A5 R IR R IR 1) 52 2% 2 20 O (), BRL G, R 804 ST WL o 4 328 L — A
HEN VARSI S5 2 O(mxcn), AT n YR AT TRTAE B 4 O(mxn®). DR PR 5356 PR 10 I8 RS2 2% FE Ol O(mxn®).
AL F) 43 HT AT LA 0, ISEA $0AT — 25 (9 1) 17152 2% 3k O(nxm™tmxn?).

4 XFEEICIE

9 T KB ISEA I g, A< 30 5 NNIAF, & MOEAM MSOPSPY AR+DMOP IBEAPSIX 5 R4l 7 %) Lt
5,3t 5 NSGA-I1 X b 7 ) [/ JF44.ISEA Fl AR+DMO ¥R ] C++52 3L NSGA-I1 Fle-MOEA 17 C A4 7] LLYE
www.iitk.ac.in/kangal/index.shtml 7%l .NNIA I8 ] AFE see.xidian.edu.cn/iiip/mggong/Projects/NNIA.htm
T X IBEAASCKH T jMetal 3.1 I SEI, AT LAE jmetal.sourceforge.net KA JEHACHS . MSOPS K H T
MATLAB S840, 7T LAE code.evanhughes.org AR T 17 5250 476 JRM) NFS240M3 5528 LIEAT,
WLZSHCLE 4 Intel Xeon E5-2407 CPU,8G RAM.#4E R %4ty CentOS 6.4 x86_64,C i iF 4 K FH GCC 4.4.7,C++5%i
P48 0 GCC 4.6.4,Java K] OpenIDK 1.7.0,8t 41, K F FF 1) Octave 3.6.3 1217 MATLAB 27

4.1 iR R B AT N R AR
‘%@A}iﬁ)ﬂ DTLZW]/%%J%&E&%& B AR T 4E 5k m, e 5823 IR 4E KA n. 23 6 Huband [f) 2812 4 de s )
X 0P BT A E ) h X RIE RS 1 B %, A R R TR R ORI R RO R T B £ 31X Sl
T BR B 7 S R

=%
=EA
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Table 1 Test functions
F1 AR

] 78 & S RS [
DTLZI £G)= wsu@) n=m—1+5
DTLZ2 S, =(A+d2(x,))s2(x,)

DTLZ3 S (X)) =(1+d1(x,))s2(X,)
rizs 70 =1+ 42, )21, ), -
@ =100
d=d3@F
DTLZ6 (a):

£(@) = (1+d)s2(2(F,,d, 1)
d=2+9xd4(%,),

h(E,d)=m— mf%a +sin(3nx, ))},

DTLZ7 n=m—1+20
X, 1=12,...m-1

dxh(xX,d), 1=m

f,(f)={

di(%,) = 100[\ X1+ Y [(x, - 0.5)" — cos(20m(x, — 0.5))]],
d2(E) =Y (x,—0.5),

5 581

d3E)= Y x,

x,€Xy

d%)zlé > x

Xy | xexy

m=1

Hx], 1=1

s1E) =1

mes
=x, D[ ]x,1=2.3,..m
=1

NG 1
m— -
Hcos(fx]], =1
- P 2
s2,(x,) =
(n m=i .
sin| —x, cos| —x |, 1=23,...m
(2 nrw]]g (2 jj
1,(x,,0) =x7,
T ) % g
12,(x,,d,k)=10.5+xd k=1
=k +Lk+2,..,%, |
1+d ’
xefo1],
Y i i %, = (X0 1)

= T
x(/ = (XM’XVIH»I""’XII)

N T BB IR 5 R P B R A H R VRAT I LR VT AR 7 0 e AR AT VAN O 43 5 Generational
Distance® Inverted Generational Distancel®*! Diversity Metrict®*!. i g 1 14 {7 B A28,

e Generational Distance(GD)VFH IS, & XN T
Gp = Ni<p (15)

n
Hrbon RIEETMERIEHE, d; = min__, . | i— | RaAET 2 Pareto FAUIYERJL R AR .GD {EH/),
LW SE R FE T Pareto dpe f 320 7 e S5 1 ol e -

e Inverted Generational Distance(IGD) A 57545 & PEREVEAN 8 ¥R, & BEWS [F] IS VRN il 42 U8l . AT
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LR A S P SR
>4

IGD =17 (16)
n

IGD 2 GD )38 [ Bt B @' = min;_, | J —1 | 7R Pareto S AL THT [ 14 1 7 1 B 2 AR 4R 1) d /IS R L L A
IGD {E 8/ BB R S0 ) 45 A PR R AT
o Diversity Metric(DM) AN ARSI 23 A0 35 P, & IREAL T FF X [A] 0 2 P [A] 1 22 [ 4 43 A 3 4,
DM (¥ {E BRI 1.

42 KBSHIRE

X T A B0 R R FH SE B g A8 OB TSR AR R — HE A X, =20,28 X% p =1, R8T K 2 i A
7, 0,=208 5K p, =%(n R PR SR A [A] (1) AL 280 AR IR S B M ST TR AT IEAT 30 ORI DR/INEI SR 100. B 525 1) 4 £
a5 3,4,5,6,8,10. 18 4T AR A B B WK 2.

Table 2 Terminate condition (in generation)

F 2 ZORRARCAECY A7)

i DTLZ1 DTLZ2 DTLZ3 DTLZ4 DTLZ6 DTLZ7
BT 1 000 300 1 000 300 1 000 300

Wikl 6 Fras, A T 43 B AN R 02 500 ISEA VERE (1532 ma, AT T 75— 5 36 il N K 055 43 1 100 43,9148 11 ISEA 18
A 0% F,GD,IGD,DM LA Jz 418 4sk 7 11 L il Uk B8 £ (round) 1) AR A0 AR, Sl 46 b vy S HEAT 30 IRR TR
Mg, FeAT X 45 1 DTLZ1,DTLZ2,DTLZS 1 DTLZ7 {E 3 HAxM 6 HAx Fg5H,
M 6 (45 SRR H:
1)  ISEA /st fig Lt e, o it 02 B i 42 46, ISEA & RE1S BIELLF Y GD 547,
2) OB ER M ISEA KA PERE(H IGD 5 DM FR bR AR LI 0 P88, 3% 05 BT A 245 MUK, 28 5
T Je R 1 0338

3)  ARR AR T ML B B (round) M 1 A8 2 I ISEA 1143 e IR 1585 1 1 1 g

4) X T Pareto %A BRI B ¥, 3 DTLZ1~DTLZ6, A% 05 B A b A5 H AR B0 89 K 2 4k b7
SO ER

BRI bk, 2 B O 1508 W) DA LT JRUNIEEAT (1) 75 1 B S B0, I 2 2% 405 4k 7 T AL 1) 20 38 e AR e ik e
S AT 30 WK ARIERAE T HLHE B BN AT 1~2 Z18);(2) XF T Pareto [ 45 fij £ 4 90X 6 £, T LA
I HERECS B 05 BRI R M 2 RANH S 553) 4T 84 Pareto 1M A ABLA I3 i &, 40 DTLZ1~DTLZ4,ISEA
FEIX G o) [ A R iR (978 Ak ith 28 LA # 3, v] LUFI A ) 9 02 85 R #E,DTLZS F1 DTLZ6 i n] LAFAHF ) 6
SE AR X LI 45 R FRATPRIE T — L 055 IR 3.

Table 3  Settings of @ parameter for ISEA, in degrees
F 3 ISEA WO E, LA Ry By

= i) /85
H ir DTLZI1-4 DTLZ6 DTLZ7

3 24 0.4 0.8

4 54 0.4 1

5 8.5 0.5 13

6 10.2 0.5 1.5

8 12.8 0.5 10.5
10 15.6 0.6 13.5
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Fig.6  Splitting the parameter & into 100 parts in certain ranges, and analyzing
the different indicators’ mean values of ISEA

6 L H N K 05553 1K 100 £3, 70 4T ISEA ZEANFHRAR T HI 3 {H

NNIA 92502 ISR [47] 808, SCRCRIE I B KRN np=100, 35 ERFRE 0 5 KRN n,=20, 58 BERIAE R/
nc=100.&-MOEA fEA [ HARYEHCT (K5 £t B LK 4.
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Table 4 Settings of ¢ parameter for &sMOEA
x4 &MOEA T2k E

HbRH HE

- DTLZ1 DTLZ2 DTLZ3 DTLZ4 DTLZ6 DTLZ7
3 0.033 0.06 0.06 0.06 0.0227 0.048
4 0.052 0.1312 0.1385 0.1312 0.12 0.105
5 0.059 0.192 7 0.2 0.192 7 0.3552 0.158
6 0.055 4 0.234 0.227 0.234 0.75 0.15
8 0.054 9 0.29 0.156 7 0.29 1.15 0.225
10 0.056 5 0.308 0.85 0.308 1.45 0.46

9 T TS IGD b,y B IUR B ECE B T 10 000 453 A8 ST 1 Al SEALAR I A1 DM 7 B 8 FE 5 M0 B4k
B S.
Table 5 Settings of grid division for Diversity Metric
% 5 Diversity Metric [ ™4 kil 7 2 s &

ERT A4 3 4 5 6 8 10
I 4% 1) 54 10 6 4 3 3 3

43 LWHER

T R bR UM B0 A 25 TR B A L 1 22 ) AR SC U SOX BE B AR AN R 4R b B 1) B8 4E (mean) A1 7
7 (standard deviation).fH F — /™ 2%t A KR AR AF A ke HE BT sl 4, T 8 4 36 B4 8 15 22 TR b 0 75 50T A A 08
AT 7 25 HT(ANOVA), 6 FE A 4 (B 31T 2 2 EL 4 (multiple comparison), AL FIWT ISEA 5 HoA L 7E 25 T 1 g
et LR ZERA LG B e R R R Hy FI B H,:
{H 0> Misea = Hoter (17)
Hy, tisps # Homer
R 0 A% R s P8, 0 e 37 T AT S 6 45 B 1) o 2 PR B IR A TE 25 0 AT, BRI AR SCAS TR A B R A 2 75 JIR A A
BOAT, S FEAR ] LeveneP* 7 vk HEAT 77 22 5 MEK % (homogeneity of variance test).#7 % 59 Pk AE 5 Arivi AL
7 25 55 S SR WU R PR YR R DG A v 1 Tukey™ D VAT 22 5 LU 75 K Tamhane’s T2P01 )5 125, IRk A
TSR AEA 6 /L J7 22 PETESR 7 72 53 B ) i35 PE 7K SF- (significant level)a &4 0.05.07 ZE 40 T 58 G <13
Fl|—A PAH(B K Sig fEH 5L P-Value), P {E 8K, 5t 2 B 76 JRUBBE AL 1R 45 1F F 43 BB 45 R IG ST & A oK.
— MG DL T, P AR KT o] g T LA J5 B s AT
TRy LR AS 0 X 4 & R R AR AR A I ZE v 25 LSRR e 2 IR 40 A R A B B S B U 22 0RO
Sl PR TR bR e 7 X B FR b b 3R I f R VR e (R AN S0 TR I 45 Y Levene J5 AT 515 2014 P E 7V 1% AE
ANT o T BH SRR B PR RE AR AR AN I AL 5 22 S TSR RS A I B 40 45 Y ISEA 5 H At BV 7E X I P R 4 A
T ZE A g R AL A S 1 TR 8 2 s a—ttomer B ISEA A VE REFR AR I 5 AL FVE I (E 2 25,56 2
Wik PAHZAE DT ol N A4 5 i e Ho, BN A ISEA #EZ I REFRFs L R34 5 0 b EE I E A BE X
T4 X SR B )T IR A AST B R A & SR IR Pk R iR b A 7 ZE SRR TSR, % Pk Tukey J7i2:t
S 30 45 5,45 W) 24 Tamhane’s T2 J5 7753 21 1) 45 3
AR 2 6 734 5 FEVE AR SIOME b 11 22 301 NINTA ZEAR AR D0 R IR LF AR b TN J2 1 0k v 4 i 78 1) 5
5, R TE s 41 D0 R WSO T B B H NNTA P RE RN AR e, RIS H RS0 2 % A ISk e ORI T
B& (1) 175 L. MSOPS,AR+DMO F1&-MOEA [ S 34 2T IBEA 1 ISEA. M+, MSOPS 7 DTLZ1,DTLZ3,DTLZ6
i) 7 WSV A 22 AR+DMO £ DTLZ7 ) i E (R BL KA1 &-MOEA £ DTLZ2 il DTLZ4 bR IR %
S BB et 1) 55000 /2 IBEA FI ISEA, HLWS 5 2 8] IR 72 I JEAS .35 AR M0 ISEA 1A 43 AT Pk L IBEA 4445 2 )\ s SCE 7
5 8 T LG HLIBEA I &R 2 T LA BN 7 FISE 8 4 4T 2 v LUE H,IBEA ANRELE
PRAE WS SR B4 70 B 2650 A b S ot 23 A 5 1T TSEA AN R 88 AR e 1) 0 A P, [ ) A e £ 45 8 oy ) WSS 1P
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Table 6 Statistical results of the convergence indicator GD
&6 WSUIEIRFS GD gt Hd
i |2 S bt 7 PR P A
IBEA |MSOPS [AR+DMO|=MOEA| "™ | NNIA | IBEA | MSOPS |AR+DMO| #MOEA
4.06E-06/6.03E—02]2.16E-029.73E-05], |, |-8.46E-05-3.28E-06-6.03E~021-2. 16E—02-9.65E-05
6.78E-06/4.71E~02|1.05E-018.67E—-05["’ 1.00E+00 | 1.00E+00 | 2.41E—05 | 4.81E-01 | 1.00E+00
3.22E-039.02E-0212 62E-02[LIIE=04 -, -2.69E~01-3 21E-03[-9.02E—02]-2.62E-02-1.78E—04
1.52E—02/6.37E—02|9.48E—02[1.57E—04| - 3.37E—-03 | 1.OOE+00 [ 8.10E-01 [ 9.99E-01 | 1.00E+00
6.96E-03(7.59E-02]2.02E-02[2.95E=04) .~ . -1.02E+011-6.88E-03|-7.58E—02]-2.01E-02{-2.18E—04
N 3.80E-02/6.53E-02]6.35E-02 [1.47E-04]" 5.93E—13 | 1.00E+00 [ 9.85E-01 | 1.00E+00 | 1.00E+00
2| R.25E-05 8.83E-02/1.38E-02[3.68E-04], . [-1.62E+01]2.09E-05 | 8 83E-02|-1.38E-02-3.46E-04
R|” B.89E—03]1. 5.88E—02]2.50E-021.68E—04] 5.93E—13 | 1.00E+00 [ 9.81E-01 | 1.00E+00 | 1.00E+00
¢ [0-91E-05]1. 0.85E-02]8.90E-03[8.53E-04] . -1.62E+016.63E-05 |-9.84E—02|-8 83E—03|-7 84E—04
2.76E-04) 8.49E-02]2.04E-02[1.59E-03] 5.93E—13 | 1.00E+00 | 3.36E-01 | 1.00E+00 | 1.00E+00
|oB-6SE-03]1. 1.08E-01[1.45E-02[1.24E-02)) o . -149E+01|3 38E-05 |-1.08E-01-1.44E—02-1.24E—02
1.80E—04] 8.33E-02]4.05E-022.00E—02[" 5.93E—13 | 1.00E+00 [ 5.13E-02 [ 9.99E—01 [ 9.99E—01
3 [LOGE-04]1. 8.13E-06/5.19E-04[7 27E-04} - ,=9.86E~04]9.90E~05| 9.82E~05 |-4.12E~04i-6.21E~04
4.38E-03[2. 9.20E—07|2.19E—04[5.33E-05[ 5.93E—13 |3.31E—02 | 3.54E—02 | 5.93E—13 | 5.93E—13
4 [1-36E-051. R.0SE-05|1.21E-03P.08E-03], . . I-1.16E-026.14E-05 | 5.31E-05 |-1.14E-03|-2.00E~03
3.89E-05]5. 3.33E-06|2.91E—04[1.80E—-04| 5.93E—13 | 1.00E+00 | 1.00E+00 | 4.05E-01 | 1.28E-02
5 B-30E-03. 2.39E-04|4.37E-03 4 A1E-03) - 1-9.40E~02] 5.74E-05 |-1.56E-04-4.29E-03}-4.33E-03
Q| 4.30E-051. 9.29E—04]1.35E-03[8.42E-04{ - 5.93E—13 | 1.00E+00 | 1.00E+00 | 8.05E—02 | 7.49E—02
= o JLOTE-04 9.05E-03[5 19E-03) oo 1.49E=01]7.96E-05 |-1.23E-041-8.95E-031-5.09E-03
_1” B.52E-03. 1.93E-03[2.90E—04{ " 5.93E—13 | 1.00E+00 | 1.00E+00 | 5.95E—13 | 7.91E—06
¢ L24E-04 2.07E-02[6.83E-03], , . - 1.84E-01[1.08E-04 |-9.28E-04}-2.06E~02-6.71E~03
2.96E—05}4. 3.01E-03]6.58E-04] - 5.93E—13 | 1.00E+00 | 6.25E-01 | 5.93E—13 | 5.93E—13
1.91E-04) 3.11E-02[5 52E-03) _, - i-1.92E-01] 1.76E—04 |-8 46E-04}-3.09E—02-5.33E-03
| /5.16E-05[6. 3.16E-0316.95E-04] 5.93E—13 | 1.00E+00 | 8.53E-01 | 5.93E—13 | 1.28E—10
8.05E-022 82E-049 69E—01[1.32E-02[1.33E-03|, .. | -8 03E-02-5.05E-051-9.69E~011-1.30E-02}-1.10E-03
.33E-01[3.56E—04/5.58E—01|3.50E—02[3.84E—04[ " 8.90E—-01 | 1.00E+00 | 5.93E—13 | 1.00E+00 | 1.00E+00
3.89E—04/6.38E+00) 1.27E+00[2.10E-025.02E-03|, [6.38E+00] 2.37E-04 |-1.27E+00-2.06E=02|-4.63E-03
D.44E—04]5.17E+00 7.69E014.26E_02]1.59E 03] 2 5.93E-13 | 1.00E+00 | 1.99E 01 | 1.00E+00 | 1.00E+00
115E-03]1 16E+001.36E-01[1.05E-02| o (-6.64E+011-7.08E—041-1.16E+00}-1.35E-01-1.01E-02
1\ 5.12E-03}4.79E-01|3.87E-01[8.50E—03 5.93E—13 | 1.00E+00 [ 9.10E=01 | 1.00E+00 | 1.00E+00
= 1.0E-03(1.28E+003.81E-02[1.46E-02}, . | +1.10E+021-5.54E—041-1.28E+00}-3.76E-02}-1.41 E-02
= 4.98E—03/6.51E—01]1.19E—-01[1.08E-02 " 5.93E—13 | 1.00E+00 [ 9.15E-01 | 1.00E+00 | 1.00E+00
1.46E+02|1.06E-03[1 .86E+00[3.42E—-01 2. 14E+00] [1.46E+02/-5.80E—04]-1.86E+00|-3.42E-01|-2.14E+00
7.44E+00/.90E—039.67E_01]7.86E_01 2.34E+00] > >%[5.93E13 | 1.00E+00 | 2.29E_01 | 9.98E—01 | LI1E-01
10B:36E=041 S7E+02 2.37E+00(5.75E-02 2. STEH00), o, (=1.5TE+02{4.91E-04 [-2.37E+00]-5.69E-021-2.57E+00
3.83E-04]5.24E+00) 1.13E+00[6.00E-02 3. 11E+00] 5.93E—13 | 1.00E+00 | 4.83E—03 | 1.00E+00 | 1.65E—03
3 P:33E-0500.37E-04 3.77E-04/6.00E-04]8 82E-04| . | -8.44E—04]8 95E-05 |-2.84E—041-5.12E-04;-7.89E—04
4.72E—053.13E-04 6.29E—05[2.97E—-04[3.19E-04| 5.93E—13 | 6.22E-01 | 2.39E—05 | 6.00E—13 | 5.93E—13
4 [0-53E-0514.79E-03 0.68E-04]1.29E-03p.72E-03, | - (-4.73E-03] 5.46E-05 |-9.02E~04-1.22E-031-2.65E~03
4.04E—05[1.70E-03 1.32E—04{4.55E-04[1.11E-03[" 5.93E—13 | 1.00E+00 | 8.84E—04 | 1.59E—06 | 5.93E—13
5 [1-34E-05{5.01E-02 1.14E-03]2.74E-03/5.05E-03 (. | - r-5.00E=02]5.55E-05 |-1.07E-03|-2.66E-031-4.98E~03
S| B.70E—05[1.08E-02 2.56E—04]1.81E-03]1.10E=03]" 5.93E—13 | 1.00E+00 | 9.42E—01 | 2.04E—01 | 4.36E—04
= ¢ P:24E-05]1 38E-0! 8.82E-04/4.60E-03[8 53E-03| .. | -1.38E-01|3.14E-05 | -8 30E-041-4.55E-031-8.48E—03
2| .78E=05(1.09E-02 2.24E-04{2.69E-03 4.09E-03| ' 5.93E—13 | 1.00E+00 [ 9.86E-01 | 5.41E—03 | 3.86E—09
g A73E=05]1 95E-01 4.17E-04 1 47E-02|1 47E-02] | - (-1.95E-01] 1.89E—06 |-3.69E-041-1.46E~021-1.47E~02
1.03E-049.04E—03 1.24E-04(3.58E-03 |1.25E-02] 5.93E—13 | 1.00E+00 | 1.00E+00 | 6.20E—13 | 6.15E-13
2.12E-01[7.09E-053 01E-04/3 06E-02[1 38E-02 - =2.12E~01}-3.04E-05|-2 60E—04{-3.06E-021-1.37E~02
| 7.23E-03[3.88E-05/9.70E—05|4.47E-03 [8.43E—03| 5.93E—13 | 1.00E+00 | 1.00E+00 | 5.93E-13 | 5.93E~13
5 [L18E-03/6 37E+01 B.26E+01]6.33E-03/6.75E-03} o . - |-6.37E+01]5.68E-04 |-3.26E+01}-2.15E-03}-2 57E-03
1.30E—03[3.92E+00 5.02E+00[3.60E—03 [2.03E—04] - 5.93E—13 | 1.00E+00 | 5.93E—13 | 1.00E+00 | 1.00E+00
N 1.20E-01[5. 97E+01|4.12E=02[8 65E-02), - - -1.15E+021-1.15E-01{-5.97E+01}-3.67E-02-8 20E—02
= 1.76E—0209.07E+00[6.69E—02[5.35E—-03[ 5.93E—13 | 1.00E+00 | 5.93E—13 | 1.00E+00 | 1.00E+00
= 2.99E-018.03E+01)2 57E-01 |L38E=0L] , . . \-1.53E+021-2.92E-011-8.03E+01-2.50E-01|-1.31E-01
] 7.75E-02]5.90E+00]1.71E-01 [3.88E—03["’ 5.93E—-13 |9.99E-01 | 5.93E-13 | 9.99E~01 | 1.00E+00
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Table 6 Statistical results of the convergence indicator GD (Contiuned)
F 6 WSMEIR R GD MG T EE (4
H B b2 FHEL PAE

b NNIA | IBEA |MSOPS |AR+DMO|sMOEA| V" | NNIA | IBEA | MSOPS |AR+DMO| &MOEA

| &=

3.71E-01]8.89E+01{3.84E-01|1.99E-01 86E—34_1'66E+0273‘62E701_8'89E+01 —3.75E-01|-1.90E-01
5.59E—02/6.30E+00]1.93E-0216.19E-03| " 5.93E-13 |9.97E-01 | 5.93E-13 | 9.96E-01 | 1.00E+00

3.76E—01[8.30E+01{6.24E-01 2.33E—012 62E_2:—1.81E+02—3.70E—01—8.30E+01—6‘18E—01—2‘27E—01
3.01E—02[1.03E+01|6.15E-02|5.55E-02|" °5.93E-13 | 1.00E+00 [5.93E-13[9.94E—01 [ 1.00E+00

3.69E—01[6.86E+01|7.85E-01 [1.91E-01 22E_3“—1.89E+02—3.62E—01—6.86E+01—7477E—01—1483E—01
3.29E—02[8.71E+00{4.78E—02 [4.26E—02]" 5.93E-13 |9.99E-01 | 5.93E—13 | 9.61E-01 | .00E+00

8.38E—04[2.90E-03 1.88E—-03[2.29E-021.18E-03 —2.07E-03|3.59E-04 |-1.04E-03-2.21E—02-3.44E-04

3.84E—04(6.22E-04 1.78E-04|8.28E-03 9428E—052'01Ei?’G 1.77E-01 ] 9.98E-01 | 8.43E-01 | 5.93E-13 | 9.99E-01

4.17E-03(9.98E-03|4.87TE—03|4.84E—-03|8.52E-02 s 41E—30_5‘80E_03 -6.98E—04-6.63E-04|-8.11E—02| 1.15E-03
3.69E—04/4.06E—04[5.67E—04(1.27E—04{2.28E-02 ) 1.56E=01 | 1.00E+00 | 1.00E+00 | 5.93E—13 [ 9.97E-01
7.74E—03[2.30E-02[8.25E-03[1.12E-02[1.86E-01 —1.53E-02|-5.11E-04|-3.42E-03|-1.78E—01| 3.34E-03

DTLZ6

o~

9.27E—-04]6.55E-03[1.98E-03(9.49E—-04]5.75E-02 2-88E-25 1.30E-01 | 1.00E+00 | 9.93E-01 | 5.93E—13 | 9.94E-01
1.25E-02(7.94E—-02[1.29E-02(1.85E-02(2.94E-01 6.69E—02-4.70E—-04/-5.99E—03|-2.81E-01| 7.29E-03
5.18E-04[3.45E-02[2.06E-03[8.45E-03|5.50E-02 5.93E-13 | 1.00E+00 [ 9.54E—01 | 5.93E—13 | 8.98E—01
2.15E-02/4.54E—-01 4.50E-02|3.68E-01 2.18E7025 41E73G_4'32E_01 9.20E-03 |-2.35E-02|-3.47E—01|-3.63E-04
9.74E—04(9.75E-02 2.56E—02|8.39E-02|1.63E-02[ " 5.93E-13 |9.86E-01 | 5.40E-01 | 5.93E—-13 | 1.00E+00
4.44E—02|1.71E+00] 1.21E-01{6.41E-01|5.06E-02 F1.66E+00| 2.28E—02 |-7.61E-02|-5.97E—01}-6.15E-03

2.04E-0344.34E-01 9.31E-02[1.01E-01 5‘07E7022'88E72J 5.93E-13 |9‘97E—01 6.16E-01 | 5.93E-13 | 1.00E+00

DTLZ7

.01E-30]

oo

—
j=)

Table 7 Statistical results of the uniformity indicator DM
R AR DM MG S0
i H B b2 FZES PAE

Mo L
‘Eﬂg ISEA | NNIA | IBEA |MSOPS [AR+DMO|eMOEA| V" | NNIA | IBEA | MSOPS |AR+DMO| ~MOEA

9.18E-01(7.84E-01[6.15E-022.24E-01]4.64E-01 19]57251.34E—018.57E—01 6.94E—-01 |4.54E—01-1.49E-01
3.57E-02(6.64E—02[1.57E-02]3.20E-01|1.32E-01 5.85E—03|5.93E—13 5.93E-13 |5.93E-13| 1.34E-03

4 8.97E—01/6.01E-01(6.16E—02]1.17E-01|3.03E-01 s soE 3:2.96E—01|8.35E—01 7.80E—01 [5.94E-01| 6.76E-03
3.59E-022.59E-01{1.33E-02[2.48E-01{1.30E-01 ) J3.06E—10]5.93E—13 5.93E-13 [5.93E-13| 1.00E+00

2.98E-02|5.65E-02/4.00E-01|2.43E-01 7.4:6E—011 98E_0 8.73E-01]8.46E—01|5.03E—01 [6.60E—01| 1.57E-01
5.39E-02[1.48E—024.44E—01|1.11E-01 [1.18E-01| °/5.93E-13/5.93E-13|5.93E-13 [5.93E-13| 2.51E—02

0.00E+009.01E-02[5.96E-01|2.93E-01 |7.93E-01| 19E—2‘9'94E_019'04E_01 3.98E—01|7.01E-01)| 2.01E-01
0.00E+00[1.95E-02[8.13E-01|{1.01E—01 3.76E-02| “l5.93E—135.93E—13 1.27E-04 [2.25E—12] 1.93E-01

0.00E+004.87E—02[5.16E—01{2.23E-01 6.26E—013 52E—3‘7'31E_0] 6.82E—01| 2.15E-01 [5.08E-01| 1.05SE-01
0.00E+00[1.01E-02|5.74E-01{4.60E—02 [1.81E+00[ “l4.64E—031.05E-02 8.92E—-01 [1.19E—-01[9.95E-01

6.80E—01/0.00E+003.31E-02[3.07E-01|1.73E-01 1 98E—0 6.80E-01]6.47E-01]|3.74E-01 |5.07E-01|-1.69E+00
6.79E—02(0.00E+00[5.28E-034.41E-01|5.21E-02 ) °9.55E-01]9.64E-01]9.97E-01 [9.88E—01[2.74E—01

7.72E-01[5.09E-01[6.05E-01|{2.95E-01 9.33E—012 67E_102.02E—014.65E—01 3.69E-016.79E-01|4.13E-02
4.17E-02[1.44E-02[8.62E-03|9.54E—02 2.44E-02[ 5.93E-13/5.93E-13|5.93E-13 |5.93E-13| 6.65E—03

9.19E-01/6.59E-014.76E-01|5.66E-01|2.45E-01 s Q1E_1 2.60E-014.43E-01|3.53E—01 |6.74E—01|-2.33E-02
5.76E-02[2.44E-02|1.31E-02|9.88E-02 ) "5.93E-135.93E-135.93E—13 [5.93E—-13] 5.11E-01

2.72E-01|5.41E-016.51E-01|3.44E-01 9.28E—012 T 1‘6.80E—014.11E—01 3.00E-01|6.07E—01)| 2.35E-02
5.21E-02[1.88E—02|1.98E—02|1.08E-01|6.51E-02[" l5.93E-13}5.93E-13[5.93E—13 [5.93E—13[ 6.09E—01

1.40E-01[5.07E-01{7.35E-01|3.12E-01 8.50E—012 67E7107'14E_013'47E_01 1.19E-01 |5.42E-01| 4.32E-03
3.72E-02[7.37E-022.85E-02|5.26E-02 3.31E-02[ 5.93E-13|5.93E-13|5.93E-13 |5.93E-13| 9.99E-01

6.80E-013.71E-02[2.26E-01{7.25E-01{2.76E-01 s R1E-1 6.43E-014.54E—01-4.50E-02(4.05E—01-3.03E-01
2.67E-022.38E-02/8.89E-022.91E-02(4.79E-02 ) "5.93E-13[5.93E-13] 1.71E-01 |5.93E~13| 5.93E~13

lO7,97E—01 3.12E-02(1.87E-01]7.31E-01|2.79E-01 b 72E-14 7.65E-01/6.09E—01| 6.56E-02 |5.18E—01-3.41E-01
3.00E—02[2.04E-02/6.80E-02[3.12E-02(6.28E-02 ) "5.93E-13/5.93E-13] 1.22E-01 [5.93E—13[5.93E~13

7.47E-012.78E-02/0.00E+00| 1.92E—01 9.15E—013 83E—0“1'79E_018'99E_01 9.26E-01 [7.35E-01| 1.12E-02
3.53E-02[8.39E-03[0.00E+00|1.33E-01 3.01E-02[ " 05.93E—13|5.93E—13 5.93E-13 [5.93E-13| 9.82E-01

7.06E-022.62E-02/0.00E+00|2.32E-01 8.4:215—011 40E—2’:7'9]E_0]|8'35E_01 8.61E—01 [6.29E—01]| 1.95E-02
1.81E-01[5.10E-03/0.00E+00(8.76 E-02 [1.21E-01| J5.93E—13|5.93E—13 5.93E-13 [5.93E-13|9.76E-01

0.00E+002.79E-02[0.00E+00|1.93E-01 |7.52E-01| 33E-1 8.67E—01|8.39E—01 8.67E-01[6.74E—01| 1.15E-01
0.00E+0014.02E—03(0.00E+00[9.30E-02 [2.29E-01| ~ U5.9.‘3E—1.‘a|5.93]§—13 5.93E-13 |[S.93E-13| 7.84E—-04

w

DTLZ1

DTLZ2

oo

DTLZ3
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Table 7 Statistical results of the uniformity indicator DM (Contiuned)

RT ALV DM ST (2E)

1029

BE L bz

ISEA

NNIA

IBEA | MSOPS

L
AR+DMO| &-MOEA| V"¢

F¥EL PE

IBEA | MSOPS

AR+DMO

&MOEA

DTLZ4

w

DTLZ6

w

8.26E—01/0.00E+00j3.00E—020.00E+00

4.13E-02/0.00E+00[5.97E—03|0.00E+00|

8.26E-01

7.96E—01) 8.26E—01

6.73E-01

—7.03E-02

1.53E-01 .
9.84E-02 -3'83 E-08

5.93E-13 |5.93E-13|5.93E-13

5.93E-13

5.32E-01

0.00E+002.06E—02/0.00E+00)

1.07E-01 4.34E-01 | 40E-25

0.00E+004.25E—03/0.00E+00]

6.86E-01

6.66E—01) 6.86E—01

5.80E-01

2.52E-01

4.55E-02[1.09E+00)

2.24E-07 [5.48E-07| 2.24E-07

1.89E-05

2.50E-01

0.00E+00[1.90E—02

0.00E+00)]

1.32E-018.32E-03

7.55E-01

7.36E-01| 7.55E-01

6.23E-01

7.47E-01

0.00E+004.36E—03/0.00E+00)|

6.30E-022. 10E_02| > E10

5.93E-13 5.93E-13|5.93E-13

5.93E-13

5.93E-13

7.47E-01

2.48E-01]6.45E-01

4.14E-016.87E-01

.06E-01|1.99E-01]2.00E-02

1.29E-01

6.28E-01)2.31E-01

4.62E-01

1.89E-01

134501 ]3.898—01] P0E~16

2.86E-01

5.93E-13|2.98E-03

3.56E-11

2.82E-02

3.14E-01/6.11E-01

3.74E-013.47E-01

.08E—02]1.42E-01]2.03E-02

9.97E-02

5.62E-01|2.65E-01

5.03E-01

5.30E-01

7.685-023 30E—01] *1E7%°

1.68E-01

5.93E-13|2.78E-08

5.93E-13

5.93E-13

5.20E-01[3.56E-01/6.71E-01

3.56E-013.61E-01

5.93E-02[1.34E-01[2.39E-02

3.79E-01

5.43E-01|2.27E-01

5.43E-01

5.38E-01

18101 R.67E—01P 23

5.94E-13 5.93E-13|1.24E-06

5.93E-13

5.93E-13

2.17E-01

4.05SE-01]7.17E-01

2.83E-01[3.71E-01

.88E-02]1.20E-01|2.91E-02

6.23E-01]2.27E-024.59E-01
1.93E-02[2.50E-02|1.19E-01

7.65E-03

6.24E-01(5.86E-01

5.36E-01

3.48E—01|3.52E-02

4.69E-01

3.82E-01

1.676-01]2.55E—01 °0E~16

5.93E-13 |5.93E-13|9.17E-01

5.93E-13

5.93E-13

2.96E-01|6.00E-01

6.00E-01

1.64E—011-3.45E-02|3.27E-01

2.32E-02

8.126-02.95E01] *1E~09

5.93E-13 [8.23E-05|9.21E-01

5.94E-13

9.86E-01

2.71E-01[8.12E-01

1.22E-02[1.28E-01{3.10E-02,

8.21E-01 [2.04E—01|2.43E-01

5.58E-01

1.68E-02

6.926-02p.6sE-011 -F 23

5.93E-13 3.66E—05)4.79E-07

5.93E-13

9.99E-01

1.36E+00)

1.37E+0009.65E-01[3.96E-02

1.14E-01

4.13E-01

1.17E-01]2.17E-01

—1.12E-02[3.92E-01

1.32E+00

1.89E-01

—9.41E-02

1.17E+00
2.65E-01 !2'83]5_(”

1.00E+00

1.21E—-08]5.93E-13

2.45E-02

6.26E-01

5.08E—02)8.61E-01|0.00E+00

6.46E-01 4.65E-01 | 24E-27

1.55E-01(6.89E—02

0.00E+00)]

8.80E-01

6.92E-02]9.31E-01

2.85E-01

4.66E-01

4.05E-01[4.07E-01

5.93E-13

9.12E-01|5.93E-13

6.33E-04

1.92E-09

0.00E+00[3.19E—01/0.00E+00

2.21E-010.00E+00)

9.83E-01

6.64E—01)9.83E-01

7.62E-01

9.83E-01

0.00E+00[3.97E—01/0.00E+00|

3.966-010.006+000 3 F~28

5.93E-13 |5.93E-13|5.93E-13

5.93E-13

5.93E-13

0.00E+00[1.48E—01

0.00E+00)]

0.00E+00(0.00E+00|

5.43E-02/0.00E+00,

9.57E-01

8.09E—01)9.57E-01

9.57E-01

9.57E-01

0.00E+0000.00E+00] $3E-03

5.93E-13 |5.93E-13|5.93E-13

5.93E-13

5.93E-13

1.41E-01]0.00E+00)

0.00E+00{0.00E+00

2.66E—02/0.00E+00)

0.00E100[0.00E+00] ~24E~27

8.43E-01

7.02E-01|8.43E-01

8.43E-01

8.43E-01

5.93E-13 |5.93E-13|5.93E-13

5.93E-13

5.93E-13

1.50E-01]0.00E+00]

0.00E+00(0.00E+00|

9.23E-01

7.74E-01]9.23E-01

9.23E-01

9.23E-01

4.52E-17/0.00E+00]

0.00E+00[0.00E+000-33E 28

5.93E-13 5.93E-13|5.93E-13

5.93E-13

5.93E-13

3.22E-01/3.35E-01

3.67E-01]9.31E-01

1.41E-01|2.33E-02

~5.64E—01]1.74E-01

1.61E-01

1.29E-01

4.35E-01

143601 p.37E—01] *7F2

5.93E-13 [9.0SE—06|5.39E-05

2.31E-03

5.93E-13

IS

1.10E-01{1.90E-01

2.62E-013.33E-01

5.52E-02[2.36E-02

=5.98E-01]1.19E-01

3.92E-02 |-3.29E-02

F1.04E-01

9.15E-02|1.16E-01|

5.93E-13 4.41E-09]2.44E-01

4.41E-01

4.04E-07

W

5.99E-01[8.86E-0114.65E-02|1.80E-01

1.89E-01

8.41E-022.57E-0214.95E-02|1.73E-02

-2.87E-01/5.53E-01{4.19E-01

4.10E-01

6.22E—-01

1.18E-01 1.61E-3

3.61E—03 3.31E-10{2.87E—-06

4.79E-06

2.43E-12

DTLZ7
=

3.81E-01

1.60E-022.58E-01

1.51E-01[7.51E-01

9.35E-02

1.09E-02/3.18E-02

—6.70E—01]3.65E—01

1.23E-01

2.30E-01

3.70E-01

1.47E-2

8.83E-024.89E-01

5.93E-13 2.41E-09|2.03E-01

4.17E-04

1.37E-09

oo

2.82E-01]6.11E-01{1.13E-022.42E-01

4.53E-02

4.76E-02

1.65E-01|1.77E-18/4.05E-02

—3.29E-01[2.70E-01

3.99E-02

2.37E-01

F1.01E+00

8.95E-47

5.33E-02

1.21E-01

3.03E—01| 1.00E+00

4.57E-01

1.02E-11

1.65E-01

1.09E-01

1.14E-022.47E-01

7.59E-03

8.79E—-02[8.35E-022.04E-03[3.91E-02
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1.58E-01
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1.61E-3

3.12E-02

9.99E-01

9.08E—01]{9.94E-01

8.99E-01

5.93E-13

Table 8 Statistical results of the comprehensive indicator IGD
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Table 8 Statistical results of the comprehensive indicator IGD (Continued 1)
L VETRAR 1GD I ZE v 80 (25 1)

=8

DTLZ2
o

DTLZ3

DTLZ4

DTLZ6

B i 2

S PAE

IBEA

MSOPS

IAR+DMO

&MOEA

Levene

NNIA

IBEA

MSOPS

AR+DMO

&MOEA

3.83E-01

9.59E-01

2.52E-01

8.48E-02

F1.07E+01

—3.03E-01

—8.79E-01

-1.72E-01

—4.62E-03

3.07E-02

6.10E-01

3.86E-02

6.03E-03

4.86E-29

5.93E-13

9.96E-01

6.83E-01

1.00E+00

1.00E+00

4.21E-01

9.98E-01

2.77E-01

1.24E-01

F1.73E+01

—3.14E-01

—8.90E-01

—1.70E-01

—1.64E-02

9.77E+00

2.44E-02

7.83E-01

1.74E-02

1.09E-02

1.02E-22

5.93E-13

1.00E+00

9.55E-01

1.00E+00

1.00E+00

.10E+01

4.60E-01

1.05E+00)

3.01E-01

5.35E-01

F2.09E+01

—3.33E-01

—9.28E-01

—1.74E-01

—4.08E-01

1.21E+01

2.32E-02

7.92E-01

2.13E-02

5.72E-01

3.39E-47

5.93E-13

1.00E+00

9.79E-01

1.00E+00

1.00E+00

6.92E-02

1.20E-01

7.43E-02

1.99E-01

6.30E-02

F1.24E-02

-6.32E-02

—1.75E-02

F1.42E-01

—6.20E-03

3.17E-03

3.30E-03

1.00E-03

4.02E-02

1.20E-03

2.93E-27

4.74E-02

5.93E-13

8.88E—04

5.93E-13

6.96E-01

1.60E-01

1.91E-01

1.45E-01

2.60E-01

1.34E-01

F2.61E-02

=5.71E-02

-1.14E-02

F1.26E-01

—-9.31E-04

9.97E-03

2.17E-03

2.81E-03

3.31E-02

2.88E—03

.86E-18

5.71E-10

5.93E-13

2.80E-02

5.93E-13

1.00E+00

3.48E-01

2.15E-01

1.89E-01

2.50E-01

1.95E-01

F1.65E-01

=3.17E-02

—6.16E-03

-6.72E-02

F1.21E-02

3.24E-02

2.29E-03

5.81E-03

1.44E-02

1.42E-02]

16E-21

5.93E-13

1.34E-11

6.64E-01

5.93E-13

4.27E-02

3.88E-01

6.65E-01

4.40E-01

3.12E-01

5.83E-01

4.34E-03[7.63E-02]

4.84E-02

3.30E-03

4.48E-02

F2.77E-01

~5.19E—-02]

7.60E-02

F1.95E-01

9.18E-02

93E-27

5.93E-13

3.89E-05

4.37E-10

5.93E-13

6.65E-13

oo

5.37E-01|1.12E+00

7.63E-01

4.19E-01

7.92E-01

2.73E-03[1.44E-01

7.10E-02

5.02E-03

3.60E-02

-5.88E-01

-2.27E-01

1.18E-01

F2.55E-01
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5.93E-13

5.93E-13

2.42E-09

5.93E-13
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6.21E-01|1.29E+00
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5.10E-01

9.06E-01

2.00E-03[1.07E-01

5.81E-02

6.62E-03

3.17E-02

F6.73E-01

~2.66E-01

1.12E-01

-2.85E-01

1.60E-01

5.93E-13

5.93E-13
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9.54E+00)
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—8.55E-03

3.56E-03
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5.87E-02
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1.24E-09

5.68E-01

5.92E-01

-4.21E-02
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3.82E-08
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6.56E-01

5.82E-01

F1.91E-01

-1.08E-01

7.73E-02

F2.52E-01

F1.78E-01

2.41E-01

1.98E-01

1.92E-10

3.55E-06

3.29E-02

2.54E-01

4.45E-10

1.90E-05

7.44E-01

6.18E-01

6.41E-01

—7.17E-02

8.25E-02

2.06E-01

—8.01E-02

6.28E—01

1.42E+00[6.

9.13E-02

1.83E-01

3.18E-26

5.93E-13

2.12E-01

1.00E-01

1.06E-08
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~

6.14E-03

2.55E-014.
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9.21E-01

6.48E-01

F7.91E-01

—3.25E-02

5.26E-02

F2.93E-01

—1.97E-02

3.43E-02

1.23E-01

8.20E-19

5.93E-13

8.94E-01

5.17E-01

5.93E-13

9.87E-01

8.86E+00

8.81E-02

6.51E—02

1.92E-02]

4.78E+00)

4.52E-02

3.27E-03

29E-14]

-1.73E+00

—8.24E-03

-8.81E+00

-3.34E-02

—1.05E-02
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1.00E+00

5.93E-13

[ 1.00E+00
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9.13E+00)
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.19E+00
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3.36E-02

-9.01E+00

-2.98E-01

—7.42E-01
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5.74E-01

1.03E+01

2.23E+00

2.85E+00)

.02E+01

2.77E-01

5.65E+00)

1.43E+00

1.52E-01

F5.06E+01

—4.52E-01

F1.01E+01

—2.11E+00

-2.72E+00

4.16E-39|

5.93E-13

1.00E+00

1.37E-04

9.32E-01

8.23E-01

6.85E+01

7.64E—01

9.04E+00)

3.25E+00

3.65E+00)

31E+01

8.32E-02

4.68E+00|

1.80E-01

1.36E-01

29E-14]

-6.84E+01

—6.52E-01

~8.93E+00)

-3.14E+00

-3.53E+00

5.93E-13

1.00E+00

5.51E-03

[8.03E-01

7.12E-01

7.86E-01

9.65E+00]

5.25E+00

4.50E+00)

.15E-02

3.72E+00)|

5.56E-01

5.92E-01

2.46E-34]

F8.52E+01

—6.41E-01

9.50E+00

|-5.11E+00

—4.36E+00

5.93E-13

1.00E+00

4.25E-02

[6.13E-01

7.58E-01

7.91E-01

9.07E+00)]

6.48E+00

5.54E+00)

F7.96E+01

—6.71E-01

~8.9SE+00)
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1.95E-02
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3.63E-01
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4.16E-39|
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Table 8 Statistical results of the comprehensive indicator /GD (Continued 2)
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Fig.7 The final solution set of different algorithms on 3-objective DTLZ3 test problem
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Fig.8 The final solution set of different algorithms on 6-objective DTLZ3 test problem
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with different number of objectives
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