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Abstract: To solve the multiobjective optimization problem by differential evolution algorithm, a multiobjective d-
ifferential evolution algorithm based on angle neighborhood is proposed. The weak domination is introduced to obtain
the capacity of solving the multiobjective optimization problem. The neighbourhood of each individual is determined by
computing the angle between each individual and weight vector in the objective space. To ensure the evolutionary direc-
tion of individual, the mutation strategy based on angle neighbourhood is introduced to execute the mutation operation
in angle neighborhood. Additionally, an external archive is established to save the non-dominated solutions obtained in
evolutionary process. The archive is maintained regularly, and the distributivity of the approximate set has been greatly
improved. A large amount of experimental results show that the neighbourhood determined by angle is more effective than
the neighbourhood determined by Euclidean distance, and the convergence and distribution of the approximate set obtained
by the proposed algorithm are obviously superior to multiobjective evolutionary algorithm based on decomposition and
differential evolution (MOEA/D-DE) and nondominated sorting genetic algorithm II (NSGAII).

Key words: differential evolution; angle neighbourhood; external archive; multiobjective optimization

1 5|5 (Introduction) AT, Z2 70 REACSE RN T 31 1 1R 22 8, L aniLmg
7 4y ¥t A 572 (differential evolution, DE) /&2 B TAE. (5 BRI 5S40 5 1)
Storn M Price T ) — it 2 T- M 1) Bl B 45 2R HOR. H1 T DESIEAE KA H AR 04 Ir) el b 2 30 i ok

Wk L 3: 2016—01—25; A H #1: 2016—09—30.

Ti@fE/EE . E-mail: yangjm6188 @sina.com; Tel.: +86 335-8060089.

AILTAEGZE: BRI

[ 5 AR BIE R 0 H (U1260203), Vb2 s S22 B G0 A BASZE N A5 7 7RI H (LIRCO13), FE SR A SUAR T 3 26 Je T2 TREBRBE e IT
TR (2012005) B ).

Supported by National Natural Science Foundation of China (U1260203), Cultivation Program Project for Leading Talent of Innovation Team in
Colleges and Universities of Hebei Province (LJRC013) and Opening Foundation of National Engineering Research Center for Equuipment and
Technology of Cold Strip Rolling (2012005).



%1 ARG BT A PRI 2 H b 22 b B 23
FIAR SRR RE, IR B WAL X AT 1 oo, MR B30, HAE R EN S —4in Bk B #A,

SRfREZ Bk A @, Kukkonen®s AR 5520 W S Bt AY
ME& 5] ADESLVE ()36 £ 04, R 1 T X )i
{1t B % (generalized differential evolution algorithm,
GDE), HTRf# % B brtlfbinl @4, Kukkonen: \7E
GDEF A2 B3 T GDE2S %, A~y
NRIAT il HLEANSCRCI , 2R 05 B e 6K
I, AR EGEE 7 MR 2 AP E AT Pareto BT T 1) 70 A1
#EB). 2 )5, Kukkonen®§ A2 i T GDE35 V%, 4 DE/
rand/I/bin S B& §7 & B T 2 H br A 29 H ) @& LI,
AbbassZE N ¥ Paretoff 7 MIDERIELE &, #2 T —4
ParetoZ= /) HEAL BV, SEUGUE I H4 e EAL T-SPEA S
L Li 8 NMMOEA/DSFVEBIFIDER L &, K H
VILE S R 7720 2 B bR AG i @ A0 Dy 5 H b
Ak I 7, S 56 4 J 3% B % VA AL TNSGA T &
FEOL XERENRE T — MRS 2 HirE &
L2 GBS, W4 2 HARIUAK In) 03 fig i 2 1~ B H
Bl e 8, &3P B AR 4 A 2 B 1 Sk £, JF
K OME 2 UL IE 7 vE B O3E B Ik B R R 3R aglol,
Rakshit% N\ FIHT ST 50 5 R AR EDESRLA I ik
FERAE, JEOIN B SR B SR SR iy A7 1 75 1 22
H bR Ak o] @Y. Shim &5 A\ K 5 T JE SR HE 7 Fo Jk
T2 HFRUAGHESRAE &, FRTIN T AR
JE R R 12, WangZE AN FEH T — AN T Pareto AL
(1122 B b BOE R 22 70 B SR, JF5IN T 50 S
kAR FEParetof AL 1) 22 AEPENS). QiusE NTERT AU
SRS EUBRPE AL b, 3 T N2 HiREE
22y G BEE, BIN T 2T 4RI 5 A XL S SRS A
SR E R,

ARSCHR T — BT A B AR 2 B bR 22 4 kAL
% (angle neighbourhood multiobjective differential
evolution algorithm, ANMODE). ANMODE %% 1§ #5
HEDESRE S 55 S UL A 45 & 5B 70 2 HbstliAl
] PSR ARE. AR, A Pareto BT T AL ARER 1) 70 A
P, SIN T A FERIIRME S, SRt 1 2T A FE A
A S R RS MRS B B 13 H CEC2009%7
#E IR B8 205 P UF 1 —UF10%f ANMODES. i 33
ITHUE T E 5
2 ANMODE % ¥ 1 45 #J (Structure of AN-

MODE algorithm)

2.1 A B 4B 3 ) # % (Determination of the angle
neighborhood)

9 T 3% Pareto HI WY AT 0L AR R 1) 9 AT T,
ANMODESIAFERF— A 5L\ T A FE 4RI
AR, AR T

1) FR 4 AR K /NNPAE LS A = {1/NP, 2/INP,

., NPINP}.

2) NN Mz, AR — DM EEN = 1]

(ie{l,2,--- ,NP},t €{1,2,--- ,m}, m N HFIrK

PA RTINS W
m =1 6]
t=1
3) M4 Q)i SN b, ofE H AR R HE

W F(z;6)(J € {1,2,- - ,m}) SRCERENFSMO; ;
MIRIZEC; 5, WE TR, Q) T:

i Je(zja) X nf

thfﬁga \/Z ;)

%k)ﬂ@wﬁ%‘%f’ﬁ?‘ﬁ\wmi,a [F41NB;.
5) R34 E B 58 B B AR o (141
B

Ci,j = (2)

S

Fx;q)

Jf
K1 F(z;e) 5 FIRARER

Fig. 1 Schematic of the angle between F'(x; ) and A;

2.2 EET A AR IR AR 5 S WS (Mutation strategy
based on the angle neighborhood)
ANMODESELE A FE AT LAt 5ty 1 —Ff
T AR S SRS —J T R AT I AR R SR, BT
A AR T
D RIEXG)HELES L, XG)UT:
B {NB,», rand < 4,

3
Py, 3, @
A rand N[0, 1]RIFEHLEL O AMEE; Py NS GHRF
B,

2) BES LP AR NEES K.

3) 5| ADE/rand/1 F1DE/best/1, % I 2, (4)%) & 4
Mhax; o AT AR

r1G+F><
Thest,c + F X (x
(€]

K @ g, oo Mg o7& NEE B LAP BEHL L $£ 1
A Tpest, BB K HHAERE DM 7R,

d

r2 G mr?),G)) rand < T,

T2, — iBrs,G), /E\ﬁﬂ,



24 7w oo 5 MM

34 3

4) XTJL’DLG = [mf’(;](k € {17 27 e 7D}7 Di“jy%%
A (K EHOHEAT % TRA R B, ¢ = [olg], 2
AU

VY, =
Ty g + 0 X (Thax — i), Tand < 3,
{ Hofh,
S ok, Ak, PR SA E R AR R
Ry B = 1/D; oy HR(6) T HAF 3:
o =
(2 x rand)ﬁ1 -1, rand < 0.5,
{1 —(2-2x mnd)ﬁrl , HAh,

o w AR AR R

H1 - ANMODESZ:44 3:0(3) 110 1550.9, BT AR
FERERZ R AEALIBNB, AT 1. PIARIE AR R
HERPIFRALE, B F T PRUE AR 7 1) K =(4)
H T H0.8, 181578 7 45 4F 55 2 1) K FIDE/rand/1,
$E 5 T ANMODER A A RIR R 1, BRI TR FF
ML) Z FEYE. BB T DE/best/ 1A T & i MARIME
B, BARRE I PR EE S SR B, (H25 5 3 B Rk
7 )i T AR A, AT HE IR AR T R, 3K 00 SR 52
Pareto B W T UM A 1K) 3 AT V. 4 itk, ANMODESEi%
PSSR Af I DE/best/ 1, 75N B LM AMA A 1
HIRTHE T, IR RS SR .

2.3 BT 55 I i ik B # /E (Selection based on
weak domination)

ANMODE S AR HEDERZE 158 HRAFE A2 i
PRI W) Ty . BE N e B3R A R A B 1 7T,
ANMODESELEIEFERAE 5l A 55 3 OE &, #4518
(7) TE IR R A

o {ui,G7 F(ug) < F(ziq),
' T, Hufib,
Kb, ¢ WEBEG + AME.
2.4  AhEBAERY B9 4E 7 (Maintenance of external ar-
chive)

AL e JG, ANMODE R R REF
e SRR IMNANTAF RS R, B4 0t — AN 44 B 1
(maintenance cycle, MC)HLAT 7R AF RS RIEAT — X AE
ECHEF, R AR AR SCRCAMA. a0 F AR SCRe A A
HIE R A NP, WA T a0 T #4:

1) KAMEAAR RIS H, G TINTAR R,

2) WHES H BB IE R AMA S B E 9 &

3) R 5 BUE A N, I BN AR SR I
AMNERAFRS R, FEAE H AR ZAMA.

4) NPREANRCE [W) E R 2) R 3) IR AE.

&)

—k
U} oy

(6)

(7

ANMODER K ) S EAE A4 4L B A7 280 i
TAESCECAMAR I Z R, AITTARIIE T Pareto B AL LA
R BA — A RIFI A .

2.5 HEHHIR (Description of the algorithm)

ANMODER% ) 3 E R an T -

SB1 EWIE: FEERN N NP, BREGE
BT 2038 N FES, it KRBT IR MAX _

FES, A2 NG, SR N R, #E5R No, 71,

BRI Nw, BRI N E, 22 RO R, 4647 3

NMC.
$E2
S$E3

HIEAANEE Py I 5 PAL AN AMA.
A AL E B,

PB4 HEFEMMEe, o HLENB,.

BBS PR MA R RS2 2RISR 2,37
BT A8 SO PR

BI6 K HFIFHE P ARSI SR
AR R, 2 MOD(G, 10) = 0, NIt RitAT4Ed.

BBT FIW LA A 22, WX RIEAT 4E
Pt AR B 2D IRS.

3 BUEDT ESEH 5 45 R 43 BT (Numerical expe-

riments and result analysis)

49 % ik ANMODE 52 1 % B&, 48 3C % i #%
MOEA/D-DEFINSGA 1T SV E i AF N b 5. St F
ANMODEZH %, o3 E ~0.9, T E 0.8, A8idw ik &
20, LLBIRF F B NO0.5, 22 X ERC REEE NO.4, 4E
P M C% B ~10. X TMOEA/D-DE%R 2, 4135
THE 20, B [ EANECSG PN 5 HoAth 24
B B0 R IR SR, NSGA 1T H vk i 2 50k B )
FEZ MR E U6 SCIR. 3 M EIEI MR N NP W E Y
FHTE, X7 5 bR Ak 1) v B 8 100, %5 T = H b5
Mok 17) R B R 150. 3 AN BV IR f K R BT
MAX _FES $5%E 4 300000, 4151 firf e& £ s
121730 K.

S UE 7 FE AR I 25, 78 S hn 1A
KK [ IE B (MOEA/D-DE i £R I8 1) 7712 fff 5 A
ANMODERAN N HESE, 255t 4 T
DK PR B <0 2 B bR 22 73 30 5% (Buclidean dis-
tance neighbourhood multiobjective differential evolu-
tion algorithm, ENMODE). [ 2f 35 1] #fi %€ 77 ¥2: A~ [F]
b, HASE S HE R — L BBA, Atk T
00 455 11 A% S WS ) A 1, B BRI G T
ANMODE25.7%, 1% 57 5 ANMODES ¥ M — [ [X
AIAE T Q)R G LA NP, BIAR e A Fh
BT

AR 3L 3% FECEC2009 4 #E I8 57 251151 () UF1 —
UF103E T 850{E 17 B SE06, 1EF8 I [) AR 25 (inverted
generational distance, IGD)PMEAPEREITAN RIS, &7



1 REESE: BT AEAIRAIZ HirZE it Bk 25
AR EE B IGD 5 A R T R, IR T UGS AT SRARF) I Pareto BT L AL 2.
> d(v, P) FHI T &N EE300GE 4T IIGD Y E FAT HE 72,
IGD(P*, P) = PIT ®)  FrP AR S T ME LR R

A P& E S Pareto BT Y LI S1 0 A I R4 P
S Pareto BV ) — N IE MR EE; d(v, P) & mivE| P
HRRITA e ) B R R PR 5

R P 1) R 2, BE AR I H R AR S
Paretof i1}, WIGD(P*, P)EEAE M = P £ FEE, 1
Aedll = Pt —MR/NIIGDE R /R P— i 3F
I B ) Pareto BTV, HH A T EEAETE. X T
PR E AR R, AR SCPE LS B Pareto BT W 35 5)%
FE10001 s A P, T 1 = H A i ok B0 i %
100001 siA/E N P
3.1 FETIGDH H% (Comparisons based on IGD)

EER BT IR ER B, 15 B AR ST IS 4730

FRUF34h, ANMODES 153815 T BT A bR 501
/NIGD¥) {8, iX 3t B ANMODE# 72 3K fi#t 31 ff)Pareto
ATV AR AR FA S S Sl E AN A e, PR IH 2
LT L H . FRUF104), ANMODER 13843 1 F
H bR 2 IGD i /) br fE 22, 1X & Wk & ANMODE
BB RERI SRR, Rt BeR T L Sk
NSGAIIF 2 AT Sy R I 22 10, A IR1GT
TR IGD S/ N B AIbRIEZE .

K2 2 7 BT A B0 30 RIS AT I IGD £ &L AH
Xt T LB, ANMODE S92 1 v A7 BRI 347
RN, U B LSRR KGR B I L AR,
ANMODE %5327 A2 ) S0 St B /b T LA B,
FIFEIER T H A BT e

% 1 30RETYIGDM %t 4R
Table 1 Statistical results of IGD for 30 runs

PHE(bREER)
R
ANMODE ENMODE ANMODE2 MOEA/D-DE NSGAII
UF1 4.93E-03(1.76E-04) 1.54E-02(1.60E-03)  1.82E-02(1.85E-03) 1.04E-02(2.30E-02) 1.01E-01(1.95E-02)
UFR2 4.25E-03(7.81E-05) 8.74E-03(1.09E-03)  9.48E-03(1.18E-03) 1.65E-02(6.90E-03) 4.12E-02(2.37E-02)
UF3 6.49E-02(1.07E-02)  1.56E-01(1.86E-02) 1.61E-01(1.83E-02) 4.65E-02(2.42E-02) 3.07E-01(1.77E-02)
UF4 2.55E-02(9.25E-04) 3.65E-02(1.16E-03)  3.55E-02(1.00E-03) 7.14E-02(6.02E-03) 4.62E-02(2.98E-03)
UF5 1.97E-01(2.41E-02) 8.32E-01(1.22E-01) 6.17E-01(1.77E-01)  3.85E-01(1.59E-01) 2.34E-01(1.15E-01)
UF6 2.14E-01(5.18E-02) 2.46E-01(7.46E-02) 2.69E-01(8.70E-02) 4.73E-01(2.26E-01)  3.12E-01(1.24E-01)
UF7 1.25E-02(2.46E-03) 1.59E-02(6.37E-03) 2.48E-02(6.97E-03) 4.96E-02(1.48E-01) 9.18E-02(1.26E-01)
UF8 1.11E-01(1.22E-02) 1.70E-01(2.64E-02) 2.12E-01(4.39E-02) 1.76E-01(4.94E-02) 2.60E-01(1.80E-02)
UF9 9.24E-02(1.33E-02) 2.00E-01(3.88E-02) 2.36E-01(3.96E-02) 1.74E-01(3.52E-02) 2.43E-01(6.58E-02)
UF10  3.86E-01(2.41E-01) 3.02E+00(6.52E-01) 1.97E+00(4.01E-01) 5.00E-01(7.48E-02) 4.74E-01(1.99E-01)
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Fig. 2 Box plots of IGD with 30 runs

3.2 FTP-valuelJ E 5 (Comparisons based on P-value)
AN ANMODER V5 5 L AT T B A5 B 5% P WilcoxonfF 5 #R A 56, K515 2] I P-value/E

K2,
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Table 2 Statistical results for 30 runs of IGD

PR%Ei4%  vs. ENMODE vs. ANMODE2 vs. MOEA/D-DE vs. NSGAII
UF1 1.7344E-06 1.7344E-06 1.7344E-06 1.7344E-06
UF2 1.7344E-06 1.7344E-06 1.7344E-06 1.7344E-06
UF3 1.7344E-06 1.7344E-06 6.1564E-04 1.7344E-06
UF4 1.7344E-06 1.7344E-06 1.7344E-06 1.7344E-06
UF5 1.7344E-06 1.7344E-06 1.2381E-05 3.9333E-01
UF6 4.0702E-02 6.8359E-03 6.3198E-05 8.9443E-04
UF7 1.0444E-02 1.9209E-06 1.7791E-01 1.7344E-06
UF8 1.9209E-06 1.7344E-06 3.5152E-06 1.7344E-06
UF9 1.9209E-06 1.7344E-06 2.6033E-05 1.7344E-06

UF10 1.7344E-06 1.7344E-06 1.1079E-02 3.0010E-02
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4 25 (Conclusions)
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