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Many-Objective Evolutionary Algorithm Based on Dynamic
Decomposition and Angle Penalty Distance
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Abstract: The optimization problems in multiple areas can be modelled as many-objective optimization problems,
which can be solved using many-objective evolutionary algorithms. However, it is difficult to balance convergence and di-
versity. To tackle this issue, this paper proposes a many-objective evolutionary algorithm based on dynamic decomposition
and modified angle penalty distance referred to as DAEA (Duplication Analysis based Evolutionary Algorithm). DAEA de-
composes the whole population into multiple clusters through dynamic decomposition, which is exempt from the predefined
reference vectors and makes full use of the distribution information of the population itself to decompose. Then, DAEA se-
lects solutions from each cluster based on modified angle penalty distance to balance convergence and diversity. Besides,
DAEA operates mating selection according to Pareto dominance, knee points, and m-nearest angle binary tournament selec-
tion. Compared with nine many-objective evolutionary algorithms on 27 many-objective optimization problems, DAEA is
effective on many-objective optimization problems with various shapes of Pareto front and stable on different numbers of
objectives.
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tance
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PRI RN R 2 s, B 2 H s, i 00 S i

S

N
F2 B8 AR

Pl 2 Hfr ok A A R 4 3R s A R B AR A A BRI
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B9 APD HR IR —fb M 5, T BN TR O S 2% 1)
) 2 B Bt 1) 2 2% () e 2 [R) A0 £ B T DAEA )
dAPD i I A BE () 1E 5% 4, JE 75 13—k, L E 5 &St
AL, DRI A i 1) 5 ) o 1) 7 B R R A3 28R 2 a5 3
3.3.3 DAEA5VaEARIRRE =

AFITR] s, < RS o F A R SR R AR AR S

ANTA) G (O e KA AR A W H AN T
VaEA i, S KA B B A =M, B e
PEREEAMA, T DAEA B R AL BT 0
PR AR 2 AL A2 5 (2) MR £ R M A, VaEA
R A S50 A 22 TR BN T RIS B, i 2
o H AR Z R B — A B, T ZE DAEA Hh, 84y
fR LA BT e (0 £ R AR B s R s B

4 XBFELERESR

EE DAEA A R0, VEHR 9 Fh 4k 2 H br i AL
% : MOEA/D' \NSGA-III* [KnEA® RVEA™ VaEA®" |
hpaEA (hyperplane assisted Evolutionary Algorithm)® |
DGEA (Direction Guided Evolutionary Algorithm)m] LTSTI
(Two-Stage evolutionary algorithm with Three Indicators)™ |
TriP (Tri-Population based coevolutionary algorithm)m]iﬂﬁ?
Xttt I LR A B2 BRI PlatEMO kA T .
4.1 Wik B E5ITFN LR

W Im] 0 H A HFH G 34 s 4 2 H AR LAk it
4E DTLZ (Diode-Transistor Logic with Zener diode) .WFG
(Walking Fish Group) . MaF (Method-anchored test Frag-
mentation) ' % U 27 4~ pA %, DTLZ1~DTLZ7.
IDTLZ1~IDTLZ2, WFG1~WFG9, MaF1~MaF9. X
DTLZ1~DTLZ4 WFGA~WFGO B I9 h—2 &A1 A B
B PF By < AL AR . LA PE AN | LE i
AL GRAGEE TS, 3 S AR D) kR
NP ZE . — & DTLZ5~DTLZ7. IDTLZ1~IDTLZ2.
WFG1~WFG3, Fk 4 “ A ML A" 5 —JE MaF1~MaF
9, R “Mak MR AE . AN I 0 3R ] RS AIE 40 6 1
Fs . K H AR RO 3.5.8.10.15. PP bR R I
i AR B 16D A AR B (HyperVolume , HV) , ‘B fTHE
LEE R R R WS E N 2 R
4.2 IBSHRE

JIT A B 2 RS — 0 ) 28 S 22 1 AR 5
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R ASHU IR R A 2] B2 HFAE F3 BARERKE(x10Y)

[B) ERFAE MR m 3 5 8 10 15

21k PR IDTLZ1, MaF1, WFG3 DTLZ1~DTLZ4 | 2.10 4.20 3.12 5.50 2.70
I PF IDTLZ2, MaF3, MaF4 DTLZ5~DTLZ7

U] PF DTLZ5, DTLZ6, MaF2, MaF5, MaF6 IDTLZ1~IDTLZ2 525 10-50 780 1 137 673
RA PF DTLZ7, WFG1, MaF7 WFGI~WFG3 5.25 10.50 1560 | 27.50 | 20.25
B4k PF DTLZ5, DTLZ6, WFG3, MaF6 WFG4~WFG9 3.15 6.30 7.80 | 1375 | 13.50
NHELEPF DTLZ7, MaF7 MaF1 2.00 6.00 8.00 10.00 15.00
1 PF IDTLZ1, IDTLZ2, MaF1, MaF4 MaF2 2.00 4.00 6.00 7.00 | 10.00
2 DTLZ7, WFG2, MaF3, MaF4, MaF7 MaF3 6.00 8.00 | 12.00 | 12.00 | 15.00
A i WFG1, MaF5 MaF4 6.00 8.00 | 15.00 | 15.00 | 20.00
NCIE WFG2, WFG3 Mak5 1.00 2.00 2.00 2.00 4.00
T RTINS, =y 220,38 LR | R MaF6 2.00 4.00 4.00 4.00 6.00
8 DD FPSEAE B ). KSR B 5 R e e
- - MaF8 6.00 8.00 8.00 8.00 | 10.00
—F. DAEA T FESHEH1 2800 5 RVEA —3, HUE 2. Vo 500 | 600 T 600 | 600 | 1000

FEERLEE N HTRUZ AR E , i 2 s , Hob H, H,
SRS E A E T H AR 4 5 BOEL .

R2 ThEFAIAR

m SrBHUH L H) FRHERLAE N
3 13,0 105
5 10,0 210
8 3,2 156
10 3,2 275
15 2,1 135

I RIEAC IR B IR Sk [ 23,37 JI B, IR 3 FR .

4.3 KWERHW

SRS 3B 4T 30 UK, A5 B AR E 2, R H
Wi DAEA 5%] LSk i FEA T B & 25 it B
7K R 0. 05 1) Wilcoxon Bk FIRS B, T SC A% H “+7
e IR R B ELT B ES T LN
T DAEA, “rank” 28 Bk E MR 4 A9F 3 HES |, HE

DN EIEYE R AT  HEA S — R SR IR s

2R 4 R A R e I R AR Y Wilcoxon Bk AT
2t INIGD &, DAEA &0 T X i o Fh i,
5 LB 55 R 74% . 52% \94% . 54% \T4% .62%
100% . 64% . 82% , HF 24§ = ) 5. 7% /& DAEA . RVEA |
NSGA-III. )\ HV & , DAEA & # {I. T MOEA/D . VaEA .
hpaEA . DGEA . TSTI, TriP, & & /5 1 49 LE 61 43 51 4
68% .86% .62% 94% .92% .92% , 5 KnEA 22 5| A K, {H
.34 T NSGA-IIL # RVEA, i3 15 45 (1 Fe 91 43 51
70% F1 56%, H 2 Hi — 19 5 ¥ J& NSGA-IIL, RVEA |
DAEA. L8450 , 7E MU R4 I, ol 90 50 15 5 10 1)
5953 A B 2 %5 [ i #E AT 43 09 J7 35 (40 NSGA-IIT A
RVEA) BRME T H A7 73X T2 5% ) 5 1) 4 fi
LSRR PF—20, 3 R — 8, 3 2y bk
fE<s I BLR Ak, 1T DAEA {5 AT AR EAR P R (F T ik
ASFLIU I A Mal P34 52 40 25 S v] 5HIE).

R4 R EE Wilcoxon B AN IE 45 R

IGD HV
+ - = rank + - = rank

MOEA/D 10 37 3 7.36 (9) 12 34 4 7.22(9)
NSGA-III 20 26 4 4.20(3) 35 4 11 2.32 (1)
KnEA 1 47 2 6.50(8) 20 21 9 4.04 (4)
RVEA 19 27 4 4.16 (2) 28 16 6 3.22(2)
VaEA 2 37 11 4.36 (4) 0 43 7 5.18 (6)
hpaEA 12 31 7 5.78 (6) 7 31 12 4.84(5)
DGEA 0 50 0 8.18 (10) 0 47 3 8.76 (10)
TSTI 14 32 4 5.64(5) 0 46 4 7.20(8)
TriP 4 41 5 5.96 (7) 2 46 2 7.18(7)
DAEA 2.86 (1) 3.38(3)
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25 AR AEA T AE A Wilcoxon Bk Al
Ko 45 5 . I IGD & , DAEA W 248 T XF Lt %9 9 Fli 25
2, W2 UL B 53 5 R 77.5% .50% 42.5% . T0% |
55% . 55% . 85% . 10% . 57.5%, H % Wi = 09 & % &

DAEA . VaEA . hpaBA. M\ HV & , DAEA 2 3 10 T &
NSGA-IT #h f HoAh 8 Ffoxif b 5803, W 3 o5 10 1) L 43 4
BN 67.5% . 67.5% . 60% . 50% . 57.5% . 15% . 52.5% .
70% , HE44 Bl = (05315 & NSGA-I11 .DAEA | VaEA.

x5 AHMMKE Wilcoxon BRFNM LG 25 R

1GD HV
+ - = rank + - = rank

MOEA/D 9 31 0 6.975 (9) 11 27 2 6.275 (9)
NSGA-III 12 20 8 4.850 (6) 17 16 7 3.725 (1)
KnEA 12 17 11 4.550 (4) 9 27 4 5.150(5)
RVEA 5 28 7 6.425 (7) 13 24 3 5.825(8)
VaEA 12 22 6 4.475(2) 12 20 8 4.850 (3)
hpaEA 13 22 5 4.475(2) 10 23 7 5.475 (6)
DGEA 4 34 2 8.250 (10) 8 30 2 7.750 (10)
TSTI 10 28 2 6.525(8) 14 21 5 4.950 (4)
TriP 14 23 3 4.825(5) 9 28 3 5.700 (7)
DAEA 3.650 (1) 3.850(2)

2% 6 A B AE MaF R E | 1Y Wilcoxon B AT
Y45 e & IGD M HV, DAEA #5 % 210 T %t e i
9 FhAA I  HEAL 20 R o — N — AT DAEA 7E4b P
55 2% PF 978 A ME . DAEA 7 IGD | 5 3 5 L iy 1t

15143 5} 75.6% . 68.9% . 68.9% .77.8% .51.1%.62.2% .
88.9%.68.9%.53.3% , 1 HV | 5.2 o5 16 19 e 4 43 551 Ay
68.9% . 44.4% . 55.6%. 73.3%. 48.9% . 40% . 84.4%
77.8% .73.3%.

£ 6 MaF ik & Wilcoxon FRFIHEIE 45 R

IGD HV
+ - = rank + - = rank

MOEA/D 9 34 2 7.20(9) 12 31 2 6.29 (7)
NSGA-III 6 31 8 5.51(7) 14 20 11 4.20 (4)
KnEA 9 31 5 5.40(5) 12 25 8 5.18(5)
RVEA 9 35 1 6.69 (8) 10 33 2 6.33(8)
VaEA 7 23 15 3.84(2) 9 22 14 4.18 (3)
hpaEA 10 28 7 4.62(3) 16 18 11 3.40 (1)
DGEA 3 40 2 8.20 (10) 5 38 2 8.24 (10)
TSTI 11 31 3 5.47(6) 35 7 6.49 (9)
TriP 16 24 5 4.87 (4) 4 33 8 6.20 (6)
DAEA 3.20(1) 3.44(2)

25 TR, DAEA 78 A 0 00 0] 2 42 1 MaF ] 2 42
R R F AR A LRI RN A
ASHE DU G A A Mak 35 v, PR RDEL PR A2
FE AN EETC B E 7R B AR 28 [0 451 40 fi 1 5 2%
[i] 8 TG 7 5 ISR HE U T IR 19 PF DE L, 177 DAEA ANK
H 525 ), AR XSRS AR A A B R 1)
i, T S 1 A s B bR s B 2R AT o i, BT e dEAR
b e FhORE 2R W 1] B 0 PE SE T, T LS ) o ki
% % 4 I B PF AT AR B 1k, R 20 51 5 A B AR AR
FH, T AT SRR A PE IR AS 0] (4 41 4 ) 2

R B R PERE , DL 8 H AR DTLZ4 1 8 H 5
MaF1 A5, 38 320 A7 AL bR 3R R 45 B AE L HV /R

TP FR AR BT B A SR, dn ] 4 K S P .

DTLZA4 J2& M PF RN I . 7614l 4 ', MOEA/D 47
16 BARHA s DGEA [ TSTI. TriP WS HE 3 2% ; VaEA 1655 3
A B 44 Bbr L BARE A IEE) 1 hpaBA 7656 44>
554 BT Bbr L BAMEER A WEE 1, 7658 6 T Hir
H9[0.4,0.6 | X [H] A oA . UEIX S 7E 8 Hs
DTLZ4 b AR A 45 5 IS SUPE Fn 2 AN . NSGA-TIT,
KnEA .RVEA AJUSSLTE S DAEA JC 3% 22 51 (B & AT
ZREVERS 22 DAEA fift 5341 T 130T BLSE P f43 A1

MaF1 23 PF A A FEIU 8T . 76 5 4, MOEA/D
RVEA . DGEA [ fif 4> i . 3 % T DAEA; NSGA-IIL,
KnEA ‘hpaEA 1528 HARE A B T4 Biras )
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TSTL. TriP B B AR AT U ELE 1; VaEA 5 DAEA PEfg
BT, EATTRR AR BRSO AN 22 RE R A A A
k. LEA K 48 5, DTLZA b 3% P 1) NSGA-IIL,
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O MOEA/D KnEA & VaEA ¥ DGEA [ TriP
+ NSGA-II 0 RVEA hpaEA < TSTI —*—DAEA

w
»
B
=
o
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it — oW B SR AR AN Rl LA H ARk
(O PERE 5 S0 A TR B H AR AL A 45 JBCF-
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(b) FEACAE FAR BRI K4 89 HV HE4
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v

Ak B RS

(d) FEAEAE H BB AE 8 HY 144
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TS
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O MOEA/D KnEA ¢ VaEA V¥ DGEA [> TriP
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2

fey-ave]

RREES
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8
Pt FARAN

(N FRELEAIE H AR B MaF XA HY $E44

o Bk AR H AR B4 ik

W 6 BT/ , DAEA 7645 H AR B 1 3 B 24 £y
A, DAEA T 8l 25 73 fiff Z i SE AR5 Pareto 2 B X
TR o A A PR R T T B, F7 B8 e S 2 M L 2 miT )2
BN (AR A H AR A0 A (An 3 B AR) B by
FICEE 5 24 H RSB0 Z 1), (UEE Pareto S BL TCIAA
SR BRI I X T R B 22 ) A R R AT Bl S 4
A3 A0t A A T I A AR BE A SO A I B
PS5 Z R R S 7E B AR A B 20t (A15.8.10.15
Hbr) B B i M Re

A WA R PR RE AL A R IR H bR Y
PEBE P 5 1 % 45 3 W R AT AT HL A0 B, AT AS AR A
4538

(DAEPALRIE PF AL A A , DAEA
KIREBUSF b iR . RS e R L, I HV PEAY
1) DAEA PEREAH LU FH IGD PPAG I IR (H EATIIR 4 T
— S MR AT (5 )5 T NSGA-IITFTRVEA.

(2)DAEAYEARE] HAREE AIHER -2 TR R 8l
VLI DAEAPERERRE , AT LRI R FAR AN AR
4.4 REEWIE

Sy 56 UF 2 2543 ff SR s R e A R AT B A Bk
P, & 1T I A DAEA 78 /K 5 7% : DAEA-NDD . DAEA-
APD. H:H  DAEA-NDD FH [ 5% ()2 % [ & it 47 HARas
B8] 73 fift , X B DAEA " 19 3 & 43 f# ; DAEA-APD H
RVEA i £ BEAR S E B e B A, A0 DAEA rhicist
B A R AR B . R VR e A R B e R T R S 5 1A
HEAT 5256, %S B9 IGD 1 HV #£ 4T Wilcoxon Bk Fl K
¥, S5 RN TR

TG, M B A S SR A S R D
S, DAEA-NDD 7E IGD #1 HV WM 4845 b #8840 T
DAEA, Ut BIFE AR PF JE R B (4 84k ) R, sl
fift TORR . X2 T [ 1) 2% ) 2R RE IS 5 Y
PF IR UF VLD , Jo 5 Va4 RO AT 5 | bR Rl o -1k
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#7 DAEA RETEHE X Wilcoxon BN ILLE R
RS AR oD v
+ _ = rank + - = rank
DAEA-NDD 27 22 1 1.88(2) 45 2 3 1.10(1)
FLI i A DAEA-APD 0 7 43 2.28(3) 0 11 39 2.72(3)
DAEA 1.82(1) 2.08(2)
DAEA-NDD 10 26 4 2.33(3) 17 18 5 1.98(2)
ANHLIU AR DAEA-APD 2 6 32 1.98(2) 6 5 29 2.03(3)
DAEA 170 (1) 1.88(1)
DAEA-NDD 8 35 2 2.56 (3) 17 26 2 2.16 (3)
Mak {4 DAEA-APD 2 6 37 1.82(2) 2 9 34 2.13(2)
DAEA 1.62 (1) 1.64 (1)
B 5y 3 AR RS (8] A O i 22 R it s i —
Il I B A8 03 e 5 | S Al R 2R A S T 23 B I 3 b 22 4 W e o
Ve ABRRAEEREZE 2 . X RIS H L, DAEA-NDD
fEIGD 8 b5 I W34 T 7E HV #8545 L JLTF e 20 T > 08
DAEA, Xf MaF i 5 K56, DAEA-NDD 7£ IGD Al HV P 0%
AT L35 8 T DAEA, BEMIFEAL 1 PR JRRAS L] e
HIOCAR IR , B2 /AR X IR T B 2% a
TG SASELIN ) PRIZARVCHELD , 17 378553 nT LAKR P i (a) WFG4
LA D OS2 8 S 160 i R BV R SIS T4 2 e —
) g VR DT R e PR AN (3 A1 Ak ) ELL 104
FEA o AT SO AR AT B AR AR . AN A *
W 4R SR Uk, DAEA-APD 7E HV 48 4% [ JL-F-Jo 22 51 T g T
DAEA, B It 2 S HA S T T, DAEA-APD #8 12 3% 4, o
T DAEA 96115 RVEA o 504 9 #6164 51 B 55 A1 e e
A A A 7 A ST B A A0, A A R P B R Y ot B E
TR S R ) D11z
BEAI SEASFI I A Mak 8 b AR (AR - - -
3H bR b H b5

AR 2E AN 7, B8 2853 3R 9 DAEA-NDD
Zo TR Ot £ R A R S 1Y DAEA-APD , Ui B AE A~
MG, B Af Ae T A O

LR LR Bl A5 0 Al R W RS Y A R AR B
AR (B Bl 25 43 ik SR s o 10 D00 3 4 41 ) L L5 ik
B4 3 BE A ST I R EL B0 7S 0 i SR W TR BE B W 4R T
=R i
4.5 SEHRBRESH

53 AN 3 3 A e B — S I 8 (WFG4
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> 08
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