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Abstract More and more many-objective optimization problems (MaOPs) are presented in the
real-world, which pose a stiff challenge to the conventional Pareto based multi-objective evolutionary
algorithms (MOEAs). Some researchers have proposed some modified dominance relations for

solving MaOPs by modifying the Pareto dominance relation. However, these modified ones still
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have difficulties in balancing the convergence and diversity. A dynamic angle vector based dominance
relation (DAV) is proposed to dynamically describe the distribution of evolutionary populations in
the objective space to better balance the convergence and diversity. In addition, a modified simplified
Harmonic normalized crowding distance method based on L,-norm (p<C1) (SHND-L,) is also
proposed to measure the diversity in many-objective space more effectively and efficiently. Based
on the above, a many-objective evolutionary algorithm based on DAV and SHND-L ,(DAV-MOEA)
is developed to solve MaOPs. Several experiments are conducted to validate the performance of
the DAV, SHND-L,, and DAV-MOEA in terms of IGD and HV indicators on the 5-, 8-, and
10-objective DTLZ and WFG benchmark test instances. The empirical results demonstrate that the
DAV, SHND-L,, and DAV-MOEA can obtain significantly superior or competitive performance
in terms of convergence and diversity in solving MaOPs. Overall, the DAV, SHND-L,, and
DAV-MOEA are promising in solving MaOPs.
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AT I RAR 0 IGD BI{E R HE 4 CBCE BN HE 4
FREE R - R R — AT 1 B dr (R LA 28 8. CF TRD.

MWFE3FATLIAEH, Y p=1/M.DAV-MOEA &
AE 15 4> DTLZ 3 6 th 35453 10 A~ AER IGD
PIE 24 p BUE 0. 25 F1 0. 1 B, DAV-MOEA %
FE 15 AN o kA 3 AN F 2 AN dtER IGD
WY p B 2/M.2.1.,0.75 1 0.5 B, DAV-
MOEA S AE 15 4K 4] o J6 — Be B4 fe A 1
IGD ¥{H. B4 N Sum/Rank W45 RFKEH,Y p=
1/M B\ DAV-MOEA S35 BT A 15 A3 ] 4R
B RFEZ AN 20, E7E S P AR K p HIEE T
MARAF I G B IR HE A 55 1 DR HER 5 2 255 8
FR SR VR XTI 1) p AR K 0.25,0.1,2/M,0.5,
0.75,1 F1 2. 5L50 1 RWIRA p=1/M (1 L - 759
BYBE B B R A] S R AR B A R OL M IGD BqE L i
HAAR LN HAx% B B MaOP [a] 5 b 3% 90 &
BE.BET G SR T SRR p G — WU 1/ ML S3 Ak,
BT M 3ROR A (] RE Y HAREL . B AR 5 A
WA SH AR T .

®3 RARRE pEGP<DH L-EXAHEER DAV-MOEA Hi%7E 15 4 DTLZ Wik f] L3RG 8 IGD HESHZ

3k 1A) 55 (VD p=1/M p=2/M p=2 p=1 »=0.75 »=0.5 »=0.25 p=0.1

DTLZ1(5) 0.1316(1) 0.1411(3) 0.1542(7) 0.1488(6) 0.1375(2) 0. 1578(8) 0.1457(5) 0.1416(4)
DTLZ1(8) 0.2095(1) 0.2203(3) 0.2758(7) 0.2912(8) 0.2584(6) 0.2489(5) 0.2171(2) 0.2236(4)
DTLZ1(10) 0.2509(D) 0.2728(4) 0. 3893(8) 0. 35287(7) 0. 3356(6) 0. 2864(5) 0.2721(3) 0. 2565(2)
DTLZ2(5) 0.2106(1) 0.2192(3) 0.2303(5) 0.2451(8) 0.2351(7) 0.2296(4) 0.2124(2) 0.2344(6)
DTLZ2(8) 0.3793(1) 0.4064(2) 0.4314(6) 0.4462(8) 0.4366(7) 0.4297(5) 0.4152(4) 0. 4048(3)
DTLZ2(10) 0.4784(1) 0.5047(3) 0. 5561(8) 0.5335(7) 0.5269(6) 0.5249(5) 0.5147(4) 0.4913(2)
DTLZ3(5) 0.2496(2) 0.2526(3) 0.2914(8) 0.2422(7) 0.2778(6) 0.2723(5) 0.2479(1) 0.2674(4)
DTLZ3(8) 0.4491(2) 0.4797(4) 0. 4965(7) 0.5016(8) 0.4904(6) 0.4842(5) 0.4729(3) 0.4515(D)
DLZ3(10) 0.5487(1) 0. 5848(5) 0. 5966(7) 0. 5903(6) 0.6102(8) 0.5732(4) 0.5678(3) 0.5611(2)
DTLZ4(5) 0.2688(2) 0.2815(4) 0.3012(8) 0.2947(7) 0.2903(6) 0.2844(5) 0.2645(D) 0.2756(3)
DTLZ4(8) 0.3712(1) 0.3943(4) 0.4719(8) 0.4525(7) 0.4063(6) 0. 3987(5) 0.3832(2) 0.3841(3)
DTLZ4(10) 0.4609(1) 0. 4889(3) 0. 5387(8) 0.5256(7) 0.5135(6) 0.5013(5) 0.4955(4) 0.4782(2)
DTLZ7(5) 0.2973(1) 0. 3981(3) 0. 4369(7) 0. 4427(8) 0.4212(5) 0.4296(6) 0. 3184(2) 0.4068(4)
DTLZ7(8) 0.7282(2) 0. 7343(3) 0. 7955(8) 0. 7815(7) 0.7667(6) 0. 7586(5) 0.70181(1) 0. 7454(4)
DTLZ7(10) 1.0128(2) 1. 1415(3) 1. 7613(8) 1. 6081(7) 1. 3514(5) 1. 4377(6) 1. 2519(41) 0.9814(D)
Sum/Rank 20/1 53/4 110/8 108/7 88/6 78/5 41/2 45/3




326 it 23 Hl 2% 17 2022 4
238 2. HEGIIF DAV W TE S 4k £ B ARGk A e R 1 S E 5 FR L HL AR S 1A 2 00 422 R R R SC

WA R X BB DAV S SR LR 26 1 1) ol gk
(57 Bl 56 2 L 1 S-CDAS™M | grid 37 it 0- 37 fid
SDR 2™ Al AD SZEE-™ 43l A 2 875 10 ik Ak
FEAESE T It ek 1 6 R R S 4R 2 H AR
HEACSEL VR I Ah o Sy I8 R A SR v Al 1) S AL
Xof S TC 3 R A 5 e, 6 D AR 1 B8R S T O R
TR BE e 9%, FLARHD & R TE 15— fRUBE ML 5 50 AR
AN IR AR [A] 0% 38 4% 3 5 7 AE BB N
B FAAACACE I R 2N 1 & JF
FPRE. B o 2 5505 U B AT T R B S O &R )
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R T PR HRASE 1 175 T D) SR T T AT 4 B8 194 0 125 900 I
%7 N NNIDR PSS T IF Y 07 N

BT 0- SCHC R PR 2 5k A J— 8 B i A
fi 4500 TR SR 0 ST 18 5 12 1) B AR R BB
R E. A —S0R WL, A 5 R R
B 5 R 6- SCRe iy S5 R — 2 Bk HL . 6 Fif
B AE 5-HER.8-HARM 10- HAr g DTLZ [a] # I-
FPRERLRL A B R 212,156 F1 276, 1 ¥F 4k vk 5k 43
% 20000,30000 F1 50000, £33 1 SBX 38 X
M PM 78 5 51 1 S BOBE AN 3R 2 FR. 5360 % T

Ak BUE AT E . 0 CDAS ' S S8kl
0.39; grid ZEH div S50 H 5;0- 2B 0 {E7E
HAngh s m B E oy 10°, AR 55 AD Hi
SRk B 50.

FAGHWT 6 R AR 3L R Y L
fE 5-.8-F1 10- HAR DTLZ & 5 I3k [n] & 1 fr 4R
09 IGD ¥{H 507 22 W& 4 FTAL 723K 15 4>
DTLZ M4 o . s ] DAV SIS F 10 55 0 3R 15
8 MERAER) IGD ¥{E R ]I 0- SCHC I 305 4R 15 4 A4~
HAER) IGD #4915, FI AT SDR 32 Be (9 55 26 3114 3 4
BAER) IGD $#{H. 55 N3 4 (1) Wilcoxon Bk £
B4 K E L R DAV SRR #E 10 5 32 i P fig
N 3 A T A ST OC AR R SRR e,
M A 5y CEDFE 45 T i 8 H sl L 00 TRy 8 ED ok
F DAV ST A% F S-CDAS, grid 32 it . 0- 3 fic
SDR LAl AD 32 e BT 3R A5 1 ¥ R A5 43 23 0 o 4
3.5.7 F 10, e Al W DAV 37 A Eb H At JL R 2
HE SCBEOC AR L H B 35 B0 1 e S R 2 A
ZRES. RN L DAV R AE stk 7 P RE sl &
b TSR A AR 0 A BE T B T Bl S A B ) AR T S
o7 2t 20 AR AE H AR S ] e 0 23 A5 4 00 DA T e 5A
125 BE A% B U 3t 1 WS S 5 o AT

T4 AMEATAIRXEZNHFECEZE=MAEEREEN DILZ BlBE LRBW IGD EEFE

3, 7] A5 (VD S-CDAS grid i 0-3¢ K SDR 3 fi¢ AD it DAV % it

DTLZ1(5) 0.074140.0196=7.017440.8410— 0.055940.0094= 0. 0569+0.0016=0.0988=0.0254= 0. 0638+0.0148
DTLZ1(8) 0.201640.0913— 6.417140.7014— 0.096840.0143=0.8175+0.0359— 0. 17870.0157— 0. 084210. 0015
DTLZ1(10)  0.15624+0.0301= 5.8293+0.4410— 0.125140.0184— 1.13034:0.2655— 0.254540.1173— 0. 115840. 0233
DTLZ2(5) 1.1418-0.1468— 0.971240.0168— 0.128140. 0212+ 0.2231+0.0203= 0. 3058=+0.0302= 0. 2421+0. 0189
DTLZ2(8) 1.30140. 2749—  1.144640.0251— 0.231640. 0451+ 0.3982-0.0344=0.437540.0418= 0. 3692-0. 0271
DTLZ2(10)  1.450740.1426— 1.38430.0266— 0.346940. 0404= 0.488740.0397=0.565140.0569= 0.491740. 0454
DTLZ3(5) 5.466240.7598— 46.54245.4016— 2.300540.3248— 0.2636+0.0199= 0. 64840.0598= 0.2574%0. 0166
DTLZ3(8) 20.351£2.3017— 48.94346.0621— 2.15674+0.2987— 0.4201+0.0334=2.2750=£0. 2045= 0.382140. 0287
DTLZ3(10)  31.753+3.4872— 51.548=+5.8148— 1.9376=40.1543— 0.491540.0384= 4.5119+0.4414= 0. 489540. 0392
DTLZA4(5) 0.81160.0551=0.806740.0475=0.485540.0424=0.1928+0. 0188+ 0.36130.3982= 0. 4958+0. 0468
DTLZA(8) 1.297340. 1446 — 0. 833970.0339= 0.509340.0536=0.364130.0274+ 0.4957+0.0331= 0.5116+0.0472
DTLZAC10)  1.521220.2175— 0. 864740. 0404=0.520140.0784=0.451940.0355= 0. 63390. 0526= 0. 53730. 0556
DTLZ7(5) 0.424640.0157=2.277440.5882— 0.3687+0.0452=0.5672-£0.0436=3.010440.3307— 0.3649+0. 0741
DTLZ7(8) 1.8915+0.4072— 2.749940.4584— 1.641840.1507— 0. 875540.0921— 4.4846+0.5887— 0.364740. 0133
DTLZ7(10)  3.4148+0.7833— 3.035140.6613— 2.814440.2646— 2.360440.2417— 5.7110+0.6683—  0.291540. 0149

+/— /=~ 0/4/11 0/3/12 2/7/6 2/9/4 0/10/5 /

TE U7 =R T RN A R B WAL T T RIS BT 220 TR A DAV SRS 53 BT A i A R

NHEME R AL R R AR B 3 T 6 Fl
SEAE 5-HARK) DTLZT [a) @ (fajic h DTLZ7(5))
b AR AR SRR AR AT Ak bR R X B A S
filt B2 A5 L AE 30 WIB AT B AR A5 1Y B 208 T
1GD ¥ {eL i 30 o) A 45 .

ME 3T IE H,S-CDAS.6-3 it .SDR X .

DAV LA AD SZFCAE 5-H 45 19 DTLZ7 P i 52
1] I FR AT 1 fige T %) AT SO R 0 A M B8 AL T grid
SCHCAEZ I 3 5 ) 1 % B A 2= A R S R 2 A
. 58 KR . S-CDAS.6-% i . SDR it \DAV %
BeF1 AD SZECAE B T B v O 2% S 3 B e st
520 T A PERE S 1M grid SRS LA A S Hn Y
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Do s 133 T 0 X DA TIE b TR WA B e, fife B 10 S A7 AR . TR)RE X B A0 A Sl D e B IR 4%
e, B 4 T B 6 R AE 10-H AR BRAE 30 Y T TR IR IS I B 5L T IGD H{E 1Y i

() DTLZ3 [a] 85 (faiid  DTLZ3(10)) F ATk dE % 1o i 4.
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8 L
v 6r
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G
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2 L
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Objective No. Objective No. Objective No.
(d) SDRIZ it (e) AD it (f) DAVZTiE
[# 3 NFh I T AR ST HE 56 R I T R4 B A DTLZ7(5) b i3RI 5T T IGD H41H 1305 o fife 48 1 17 A b
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40
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5 £30 g
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0 0 id
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Objective No. Objective No. Objective No.
(a) S-CDASHJic (b) grid3Z it (¢) 0-% K
10 SDR dominance on DTLLZ3(10) AD dominance on DTLZ3(10) DAV dominance on DTLZ3(10)

4 ) 6 7
Objective No.
(1) DAV L

4()lﬁ)jsecti\sse N07.
(d) SDR¥%Z i (e) ADIZTL
B 4 AR AS RS2 RO R B ETE DTLZ3(10) | Bk e 3 T IGD {8 (0 35 A0 A 45 1 - 47 Ak AR
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Hl

e i 2022 4

M 4 BT LA H DAV R .0- 3B .SDR 32
A1 AD ZECAE 10- Hbr DTLZ3 [A)# 3RS T B A K
IS PE 5 2 R 0 R 4R T grid SZEC AT S-CDAS
TG PR 25 L 2 S-CDAS £ 32 I 328 552 9] 1Y
AP 9 A HAs B2 FEE 22, grid S A 2000 32 5 4
FITT 6 4~ HAR B2 R 22, B 4 FFR /Y 4% 35 10 ff 46
M EMZ IR 53R 4 B85 R 2MYE 1. BEATER R
DAV I FeAE R MaOP [n] 81 i 58 45 4 1 - 7 i 51
PR AN 22 B P A B A SR Y SR R L DAV D
B TR i MaOP [] .

K 3. A% SHND-L, B J5 4 78 {1
(S AR R A = o T R e L
SHND-L,(p=1/M) J5 ¥ 5 SHND J5 3% DL K&
HAD J5 3£ — [ £ DTLZ & % [n] @ I ¥ 17 IGD

PEREHLHR. 5290 T 2 a0 R « ¥ SHND-L . SHND #
HAD = Fp 4 £ B 25 B 5 7 70 Bl A NSGA-TI 55
ARG PN DU AR L SR AT A0 B BF I o O vk i AR
FRAE I HA 3 40 R AR, IF i B 78 NSGA-TI/
SHND-L ;. NSGA-II/SHND #l NSGA-1I/HAD
=~ NSGA-TT & 35 9 A8 Fh Bk s i = Bk 1
5-.8-F1 10-H ¥ fiy DTLZ1-4 #1 DTLZ7 3% 15 4
MaOP [a] 8] 3 52 4] b oE A7 52 5. S2 86 45 A 1
T B0 485 34 % O 1005 XF F 5-. 8-H1 10-H br 1Y
DTLZ Z& % [a] &1, H B % 0 ¥F Al o 80 5 & R
10000, 20000 F1 50 000. %% % 3 SBX &£ X 5 PM
TREFMHSHRERE2.RSHHT =48k
£ 15 A~ DTLZ [a] 3 55 4] 1 BT 4K 15 19 IGD ¥1{H 5
S

x5 =MXALRAEHFESEEAEN NSGA-II EiZTHAE DILZ MK X6 LREBH IGD HESHE
0§ 7 28 (LMD NSGA-1I/HAD NSGA-II/SHND NSGA-II/SHND-L /um
DTLZ1(5) 0.1209+0.00717= 0.0601+0.00365+ 0.0963+0.0108
DTLZ1(8) 0.5804+0.0397— 0.4201+0.0337— 0.1751£0. 0168
DTLZ1(10) 5.6836+0.5661— 4.3411+0.5352— 1.956210.8714
DTLZ2(5) 0.2661+£0.0101= 0.212540.0021= 0.2290=£0.0075
DTLZ2(8) 0.2940£0.0259— 0.1958+0. 0074= 0.1998+0.0333
DTLZ2(10) 0.5928+0.0220— 0.4474+0.0633= 0.3423+0. 0596
DTLZ3(5) 0.494740.4131— 0.2142+0.0019—= 0.2303-£0.0052
DTLZ3(8) 1. 255840.7512— 1.313940.9291— 0.58401+0. 4531
DTLZ3(10) 18.66041.018— 8.1383+0.2341— 4.0341+0. 2396
DTLZ4(5) 0.2134£0. 0048+ 0.2630+0.0348+ 0.7926+0.0015
DTLZ4(8) 0.3266£0. 0057+ 0.3743+0. 1359+ 0.9228+0.1518
DTLZ4(10) 0.6118+0.0747= 0.67740.00155= 0. 6068 0. 0551
DTLZ7(5) 0.3781£0.0129= 0.3667+0.0162= 0.3866+0.0205
DTLZ7(8) 0.5459=£0.0764= 0.5373£0.0129= 0.4984+0. 026
DTLZ7(10) 0.74594+0.0542— 0.6832+0.0831= 0.5818+0. 0162
+/—/~ 2/8/5 3/4/8 /

W7 =R i ORI R BE LT B TG B2 5T NSGA-TT/SHND-L w5575 1 31453 1 45

MF 5 u] A, NSGA-TI/SHND-L, 8 ¥ 75 4
W15 A DTLZ [n) @ 52 ] F3RAG 1 8 M RAER IGD
BIE, b )5 & NSGA-TI/SHND Bk KM T 5 i
R IGD ¥i{A . NSGA-TI/HAD 5 5AUR1E 2 4~ 5
£ IGD M1{E. 54, . Wilcoxon Bk FI A 56 14 245 5
B - NSGA-TI/SHND-L , A%t F NSGA-1I/HAD
M NSGA-TI/SHND 55 1k . H AR A5 1 4 15 53 43 51
76 F 1. B UL %0, SHND-L o, 3 55 15 25 B 4 )7 vk
RE B85 AR 15 0 HL 5% 4 ) 1 Z AR AR R 0. SR LR A
—J7 M SHND-L , y, J5 ¥ A5 1830 %8 B 1 2B A~
w2 5B E TS, - ERE B TR
JRAFESR s o3 — J7 . SHND-L  J7 3R T T H —
R 2 S5 TR A 3 {1 JFL R B A R B b R i
AP FE R B, BRI R 1% SHND-L, y J5 A Fl
FARAFEAT 1) 2 FE P DR FERE

I8 4. HIGIE DAV-MOEA 8 8 094 %tk .

X Hf DAV-MOEA 5 5 B & %oy & 48 2 H b ik
fh34 3 RVEA, NSGA-III, MOEA /DD, MOMBI-II
M Two-Arch2 Z—[]fE DTLZ #1 WEG £ %1 3 1)
ML T IGD Fn HV PERERY L3, i T RVEARY |
NSGA-TI®Y . MOEA/DD"* Fil MOMBI-IV) 2 3k
I J2 A i 07 ¥ 77 A — 5 B0 B AL ) &
TR RS 5 A 1) o 1 2 H PR — B0 X X A%
SRR RSN DAL OB B B T % T 5-H R L 8-
HAR A 10-H 45 A9 DTLZ 33t [n] 851, 45 8 1k 1) Fh BE
PR A K R % R 212,156 F 276, 34k vk %k 43 3
H YK P 30 000,50 000 F1 80 000. DAV-MOEA
MOMBI-TI"* 1 Two-Arch2B 8 3 i SBX 38 XAl
PM 75 R F IS E %3 2 #-73 E i RVEA
NSGA-TII #il MOEA /DD % 3 (1) 38 X i 4s 58 7 rh
(18 2 B b R 28 A A 48 50 9, U 30 Z 4 AR S 4L
BB R 2 B, & X LB IE TR A 1 2 50 A
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IO SCHR 1 R BCE L 4 (1D 7 MOEA/DD Hr, 48 35
MRS T B [0. INT, SRR IEFE MR o BN 0.9,
P BB R REH » [0, 0INT H N 2
PRGBS 3 (2) 7E RVEA 1, APD RS Z 8 o
Bh 2. WS BB SR f 80 0.1
(3) MOMBI-IT H, A5 f B {E o 2N 0.5, 22 A e

B 0. 001 M 22 s AYIC 3 K/NBE R 55 LA I (4) 1E
Two-Arch2 W, ZFE 514 58 35 O 5 Bl A ) 45 HLAE
WS AR SR 75 BE I Ry 100, 3% 6 45 T SR Bk
1E 5- Hbr 8- HARA 10- HARK) DTLZ Z 510 1 H)
ARG IGD BI{E A5 22,

K6 AMEZAE=ZFIEFEER DTLZ 25 NiXLH L3HKBH IGD HEES5F=E
W ] 5 (VD RVEA NSGA-TII MOEA/DD MOMBI-II Two-Arch2 DAV-MOEA
DTLZ1(5)  8.206341.4412— 13.899+5.0417— 11.418+1.6025— 85.399+9.8351= 177.23+36.051— 87.53141.3757
DTLZ1(8)  6.93664-1.4323= 14.877+2.4427— 68.9161+E7.1071= 5.3352411.745= 169.7816.587— 49.652+1. 4154
DTLZ1(10)  5.679947.4014=19.1401+4.3255— 71.849246.6154= 81.416+1.4653— 281.95465.821— 60.322+6. 6173
DTLZ2(5)  0.27884-4.0557—  0.313340.0192—  0.2452+0.0154— 0.24810.07612—  0.368540.014—  0.106830. 0697
DTLZ2(8)  0.3227%1.4755+  0.442340.0974+  0.3791+0. 0208+  0.434140.0127+ 0. 677740.0395= 0. 5532+0. 0433
DTLZ2(10)  0.5331+8.7278+  0.777640.0828+  0.5106=%+0.0324+  0.5364+0. 0339+  0.7833+0.0976+ 0. 931140. 0437
DTLZ3(5)  483.452+74.147— 543.675469.151— 427.53+13.145—  242.6147.1688=  551.48+E45.757— 238.1610.2921
DTLZ3(8)  325.282491.157= 436.694+27.771— 250.45439.723=  175.63+25.787+ 587.83+82.851— 312.6140.4142
DTLZ3(10) 353.695+20.481= 819.223451.341— 299.39440.578= 248.65+22.474+ 660.62+14.478— 334.6540. 6716
DTLZ4(5)  0.2956+2.8924—  0.352140.0217— 0.273340.03131— 0.31336=0.0175— 0. 3898+0.0523—  0.092340. 0521
DTLZ4(8) 0.4010+0.1375= 0.609340. 1645— 0.4081+0.0204= 0.3919+0.0157= 0.6101+0.4942— 0.310810. 0418
DTLZAC10)  0.58434-0.1934= 0. 88340.2952—  0.596240.0207= 0.49534:0.0793= 0. 86960. 0279—  0.419330. 0453
DTLZ7(5)  0.91444+0.1486= 0.894040.3102=  2.143740.0296—  0.4609+0. 1139+  2.1993+0. 1242— 0. 714440. 0679
DTLZ7(8)  1.96984-0.4619= 5.2404+1.2781— 1.39694+0.0385= 5.557341.6751— 6.8687+0.1738— 1.233130. 4112
DTLZ7(10)  5.7556+3.7647— 14.0731£1.4547— 1.423140.0275=  9.8971+2.4324— 17.092+0.5082— 1.3761%0. 4325
)= 2/5/8 2/12/3 2/5/8 5/5/5 1/13/1 /

W7 RS N RN L R B AR T B T UG T E T2 0T DAV-MOEA 53k i 345 1 4

M 6 FTLLE L 76 15 4 DTLZ W 52 4] 1
DAV-MOEA 376 9 NI 5L i B 3RkAS T /e 4r )
IGD ¥J{H ,MOMBI-I 7£ 4 A3 52 6] 1 3k 45 T 5
W IGD #4948 , MOEA/DD f1 RVEA {2 1 4~
RSB bR AR e ) IGD B, 1 NSGA-TT F
Two-Arch2 Jo—Re 3R M IGD ¥I{H. K 6 1Y
Wilcoxon Fk Fl A 5 i) 45 K ok B . DAV-MOEA 5.7k
H . RVEA  NSGA-II1, MOEA /DD, MOMBI-II A
Two-Arch2, 43 5l 3% #5345 43 4 3.10.3.0 Al
12, i £ DAV-MOEA & 37k it DTLZ £ 5]
Ik ) e LA B R . S R, DAV-
MOEA 535 F) | DAV 3B G & JE 17 Be X 32 £ Fl
WEE e, 1 HAE S B P R AT pon 7 X
FHEERSIELRZ E MR RE . RFET
H R 32 06 B0 3 T R B B %) B O 325 o TG
DAV-MOEA B35 g6 76 & 4 H br 25 8] o 5 4G 550
JIE B il AR 22 100 18 0 A 5 DT 3R A5 45 Sk A B 0% 3 %
FEVEAL . bR JUFP 3 s 78 5 vk 300 3 7 v A B b ]
HFEER, B2 & T DAV-MOEA 87K it 5 4%
MaOP [n] 25 1) 7% .

T HANFIREAE 5-H bR 8- HARF 10-HARAY
WFGI-WFGY il i [m] 8 3RA5 1 HV ¥{E 7 2.
LU X it HVH TS % i r
WE R (11 X2, X B 2" F 7w MaOP [a] #3 f)

A

MR 7RI LLE . 1R 27 4 WEG I ] o s
DAV-MOEA F3E7E 12 A6 b3k A5 T &4
HV ¥, MOMBI-IT 53k 78 8 ANl ik i | 3k 45 1
AEM HV #9441 NSGA-TII.RVEA . MOEA/DD
1 Two-Arch2 43 HI7E 3 4.2 A~ 1 AF 1 A3k 4]
AR R HY ${H. 3R 7 1) Wilcoxon k£
I 45 ok B DAV-MOEA H 3k MH# T RVEA,
NSGA-III, MOEA /DD, MOMBI-II, Two-Arch2 &
25 B RS B AT 2 W 43 5 R 40— 1,107 F 15,
B IR W], DAV-MOEA 58 2 A L HAth JLFh 28 319
m 42 Hbr ik B A BER L HV P RE.

LR ER 6 fIER 7 Kk F/ . DAV-MOEA kA [
— SRS Hir i bRk, e E RS
22 PN [R) X J3E R AE 1 3 ofE MaOP 3 1] I 3k 75
vk ge. R K, DAV-MOEA 83 F| H
DAV 32t ¢ R HEAT L0 6 £ RN BR 85 E #% , 1f HLAE 3
AP R R T poar 020 i & R SO
2 EARME R P T BT 2 T
WK IR 5 Y B 7 vk T A DAV-MOEA 5.3k
RN 7 /= 2 B A 23 (8] v B8 AT A5 B 1 A S 1R 22 1R Y
B, DT AR AT 85 B S0 8% B2 B . DA B LRI SR g
FESL AL AR oA B P R R [R R S b
T DAV-MOEA & 3K fift 58 22 MaOP [a] 5 i M RE.
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RT AMEEZE=MBEIREERN WFG 25X 08 LR\ HVIESF £
3 ] (VD RVEA NSGA-III MOEA/DD MOMBI-II Two-Arch2 DAV-MOEA
WFG1(5) 0.3016+0.0221— 0.303940.0443— 0.277540.0174— 0.308540.0135— 0.3003£0.0182—  0.412430. 0635
WFG1(8) 0.2507+0.0704— 0.252440.0290— 0.238340.0115— 0. 3426=0.0485=0.251540.0195—  0.3895%0. 0745
WEG1(10)  0.22562£0.0102= 0.225940.0562= 0.217040.0467=0.2487%0.0162= 0. 2244=+0. 0568= 0. 242340. 0413
WEFG2(5) 0.8210+0.0165= 0.833140.0833=0.805440.0182=0.9005%0. 0342e= 0.8082+0.0788=  0.832640.0776
WEG2(8) 0.8007+0.0204= 0.850640.0212=0.802240.0163=0.920540.0248= 0.814514+0.0189= 0.083240. 0839
WFG2(10)  0.7860+0.0495= 0.8187=%0.0225+ 0.754340.0209= 0.784840.1073= 0.7334240.0765= 0. 743540. 0201
WFG3(5) 0.6285+0.0344= 0.632340.0432=0.589140.0316— 0.5514=0.0627— 0.5428+0.0231—  0.6678%0. 0172
WEG3(8) 0.40124+0.0564— 0.626840.0351=0.526840.0408— 0.237640.0433— 0.517540.0308—  0.637330. 0601
WEG3(10)  0.2736+0.0737— 0.6486+0.3149+ 0.4985+0.0131— 0.198040.0447— 0. 398140.0447—  0.595140. 0344
WEG4(5) 0.638740.0115+ 0.626740.2164+ 0.608440.0705= 0.572740.0362= 0.6415%0. 0413+ 0.551040. 0556
WEG4(8) 0.651340.2134+ 0.645840.0136+ 0.656430.0117+ 0.650840. 0940+ 0.6103£0. 0425+  0.564640. 0328
WEG4(10)  0.7054=0.0262= 0.6942+0.0537=0.65341+0.0674= 0.7355%0.0831= 0.5493+0.0129=  0.591040. 0623
WEG5(5) 0.7692£0.0434= 0.71024+0.0380= 0.73944+0.0145= 0.719740.0138= 0.766540.0236— 0. 747740. 0347
WEG5(8) 0.7747+0.0767=0.735640.0767=0.697240.0159— 0.7036=0.0439— 0.0655+0.0887—  0.7890%0. 0344
WEG5(10)  0.78372£0.0437= 0.754340.0177— 0.64544+0.0237— 0.691540.0384— 0.593840.0766—  0.8237=%0. 0520
WEG6(5) 0.521340.0959=0.502540.0735= 0.526640.0176=0.489540. 0244= 0.419540.0503—  0.5290%0. 0342
WEG6(8) 0.5364+0.0182=0.594440.0290= 0.521840.0268= 0.71147%0. 0229+ 0. 3815+0.0982—  0.592040. 0637
WEG6(10)  0.4944240.0269— 0.502340.0435—  0.47784+0.0953— 0.6596+0. 0301+ 0. 3608+0.0260—  0.671040.0125
WEGT7(5) 0.5262+0.0414= 0.5858+0.0186=0.552940.0229=0.551940.0530=0.5123+0.0393=  0.551040. 0516
WEGT7(8) 0.5624+0.0405+ 0.605040.0133+ 0.565740.0122=0.7732%0. 0132+ 0.4647540.0376= 0. 489740. 0881
WEG7(10)  0.5636+0.0683+ 0.6253+0.0301+ 0.53134+0.0230+ 0.743530. 0482+ 0.457140.0337=  0.435540. 0537
WEGS(5) 0.5414£0.0160= 0.5294+0.0635= 0.5074%0.0507=0.381340.0349— 0.045440.0498—  0.532240. 0583
WEGS(8) 0.4849+0.0496— 0.575340.0250=0.493340.0390— 0.379240.0147— 0.3838+0.0978—  0.6196%0. 0873
WFGS8(10)  0.5706+0.0396=0.547740.0110= 0.497140.0472= 0.362940.0785— 0.3669+0.0114—  0.6705+0. 0735
WEGY(5) 0.5008+0.0870=  0.5303£0.148=  0.460140.0189— 0.4013£0.0349— 0.471540.0249—  0.5328%0. 0116
WEG9(8) 0.5331340.0383— 0.5249+0.0498—  0.40154+0.0445—  0.39934+0.0147— 0.436540.0346—  0.60910. 0879
WFG9(10)  0.485440.0377— 0.5054740.0341= 0.4483+0.0190— 0.3829+0.0785— 0.397340.0287— 0.5797+0. 0678
+/— /=~ 4/8/15 6/5/16 2/12/13 5/12/10 2/17/8 /
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B ABR X T F . DAV-MOEA 53 3k 45 19 1GD
BIE T B b, k2 RVEA Al NSGA-TIT 84,
ifii H RVEA Il NSGA-TIL £ Jj 2 46 B Bt 10" I IEA
JG BT IGD B{E 2 i 2 G L h k. B 5
& MOMBI-IT #1 MOEA/DD % ¥, 1fii Two-Arch2
BERNEE. — M AHBWRHEE  ASFHEEEST
WG B 10" RPEAR 5 - BAITH IGD ¥ {E Re R %
Z XN R T AE G e FE e e AT
IGD ¥JH 2B 18 /N H. T IGD g
FEAF T R i 5 1 W SR A 2 AP T HL IGD B /)N
I 35 WY 0 1 AR A 1) 30 AL A 4 1) Jo . IR G BT 5
BRI R TS IGD il £ 0 Bk HOU R B T
DAV-MOEA 835 %5 22 At JUFp 58 323 17 B 4 PR 1 4R
75 e JoT A iR AR

T % #®

BT EA m4EZ Hbn A5k 1A 8CF i s
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A EE ) & B R DAV M —Fp L F L,
(p<<1) faj ft B Harmonic IH — {k I & J& & J5 &
SHND-L , , 343 5l ¥ 3% P Fh 3R % ik A 3] NSGA-II
FRAER LB —Fh 2 F DAV HL R R 1Y & 4
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In order to deal with the issue that the performance of
most Pareto dominance based MOEAs suffering a serious
curse of dimensionality in solving many-objective optimization
problems (MaOPs), a variety of methods have been proposed
to enhance Pareto dominance for solving MaOPs, which can
be roughly divided into the following two categories. The
first category focuses on developing new dominance relations.
where the basic idea is to increase the probability that two
candidate solutions are comparable on MaOPs. The second
category is featured by combining Pareto dominance with
additional selection criteria.

While the modified dominance relation can generate
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relatively higher selection pressure for MOEAs than the
conventional Pareto dominance relation, most of them fail to
strike a good balance between convergence and diversity,
which easily leads to a set of solutions concentrating on a
small region of the Pareto fronts. Hence, in this paper we
propose a dynamic angle vector based dominance relation
(DAV) for MOEAs to solve MaOPs, which can better
balance convergence and diversity than existing dominance
relations. Furthermore, we design a dynamic angle vector
based many-objective evolutionary algorithm (DAV-MOEA)
by replacing Pareto dominance and L,-norm based crowding
distance measure with DAV and L,,y-norm based simplified
and normalized Harmonic crowding distance measure in
NSGA-II framework. Extensive experiments show that the
DAYV and the DAV-MOEA are superior over other modified
dominance relations and many-objective evolutionary algorithms,
respectively.

Our project aims to optimize many-objective optimization
problems, effectively and efficiently. Our team has proposed
some effective multi-, and many-objective evolutionary
algorithms for solving some complex MOPs and MaOPs. and
has published many high-quality research papers in key
journals such as Journal of Software and Chinese Journal of

Computers.





