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FH B2 4 A AR R A D B E AR A B IS, BRI A S MO CAMERA A 5 . X 1k, 51 N MOEA/D 5032 1) 43 fi
FEAR W 21 A BUE AR A0 R 24 9 B bR AR . MOEA/D S0E G A T IE L0 A Ak 1) 8, 1T 5k F PR 57 iR
Bk M AR AR HEA AT HA TG AT AT AR 155 100, DRI T 42 Hh 502 B 3@ 4% 517 2R 31 (improved adaptive penalty function, IAPF),
HG 20 A FE B A N TE A AR, B 8 th 07 3 5 HoAh D7 vk AT 0 2 5250y, o0 45 SR B, BT Hh B
HAH I,

XH2iR): HERE: Z Hisfik: 2978 MOEA/D: i N1 1l ki 4L
hESES: TPIS SCERARSAD: A
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A combination weight method based on MOEA/D

CHENG Jian-huat, DONG Ming-tao, ZHAO Lin
(College of Automation, Harbin Engineering University, Harbin 150001, China)

Abstract: In order to solve the combination coefficients of combination weight accurately, the idea of the multi-objective
evolutionary algorithm based on decomposition (MOEA/D) is introduced into the evaluation field, and a combination
weight method based on MOEA/D is proposed. When the combination weight model is usually transformed into a single
objective model by using the weighted sum method, the model weighting coefficients are difficult to determine accurately.
To solve this problem, by introducing the decomposition idea of the MOEA/D algorithm, the combined weight model
is transformed into multiple single objective sub-models. The MOEA/D algorithm is only suitable for unconstrained
optimization problems. However, the commonly used penalty function method is difficult to express the situation where
there is no feasible solution in the initial stage of evolution. An improved adaptive penalty function (IAPF) is proposed
to transform the combination weight model into an unconstrained optimization model. Simulations are carried out using
the proposed method and other literature methods. The results show that the proposed algorithm is effective.

Keywords: combination weight; multi-objective optimization; constrained; multi-objective evolutionary algorithm
based on decomposition (MOEA/D); adaptive penalty function (APF)
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I AN 2 T AN R — BV B R, B TR B FIA 43
) 22 R /N ESR, BET T 2 B AR AR AR Y.

T HAE BB, 2 Hir 2RI
FRY SR A 2 — AN ME A ) AL SCHR [6] SR A 0 AR V2 K
% L GORCE B R AL O B H RS AR, R A R B AR
¥ (particle swarm optimization, PSO) 5. 7% 3K fift. =%
JE B B A AR BB SIOR ) RE, NATT SR T sk
PSO 5%, SCHR [7) A F BN IR 22 & SR A 7Y
Ak B H bR Y, R et 22 43 i3k 4K (differential
evolution, DE) B AR R & R LA SCERAFAE W
ANTa) i 1) A INACE ¥ 2 B A A oy 5 H
P A5 TR A8 R A 2 HhoHE DAV 1 1 5 2) K FH ik
PSO K 80tk 22 43 A SRR 2 B BN R A 8, 15 21 1
fil oy AT IR 2

BERF 29 ALK I 8, STRIR (8] 4% 1 UK 20 SR AR AL
i) 7850 R e B0 2 R A I T P T B RN B LA 1
VA B M SRV A EE B R R A Ik
RINE J R B oR B0 5, 3 SR R T B R
Bh AR B, KRG I E 2 8 J 38 e DL e, AN H T 3K
fife A GV 1) AL BEALVE B BE A BT M 2
H ¥t 1 592 (multi-objective evolutionary algorithm
based on decomposition, MOEA/D) 9111 75 ## 55 5 s
() PR S SCIE HEF P 82 4% 55092: (non-dominated  sorting
genetic algorithm-II, NSGA-IT) "2\, £ H brki F L
1k 537 (multi-objective particle swarm optimization,
MOPSO) 3V Fi1 2 H F5 A T8 #¥ 572 (multi-objective
artificial bee colony, MOABC) "1 2% X F] NSGA-II.
MOPSO 5 MOABC Sk A7 A eI il P REAN 2 AR 2 AR
LS I B 02 11 1) 8. MOEA/D 535 IR v 18 2 2%
B ERAGRCR L e TR m i A R S A R A
PR ORI LR T, B2 N T RE AR M R LA 10
CEWARZS T RSy S X b

H1 T MOEA/D X i& Fl F- JE 23 sRAL A 55 22, iy 41
A E BRI S AR, TR A AR AL B ST
(1SR 2 sRAR A BE A SFIE RN G0 #T, S 25 T R 2R
Ak ) R D7 e 8 R R0 R A AT
7 ERL PR A AT A5 2132 R R R 19T 1 1 oR B R B
T4 52 A Ak 5 SRR G SR, 6 T I ) R 1 A
PR %} (adaptive penalty function, APF)20V & 45 ' F 1)
filR T,

AR MOEA/D 5035 3 F T VA% 45k, 42t —
Pl T MOEA/D I H & RCET7 . 85, R H i B
i S 78 57 B8 3 (improved  APFE, IAPF), i 2H & B E
RUHAL N T A RARA R B SR /5, R MOEA/D 53%

SRARAL & B HOAL S B B A 07 205 B A
ST F ST R 7 AT Ho R, TR R T
LR I AT A R
1 HAEBEHEHER

SR 7] 15 % HE A R EE 77 v B L LA B 4%
U AR SRR L R T T &
AU HOAL A L AR AL BUR, BUR B R it %
F bR 6 S a2 sROe . L A TR s
KNI No, S8 b3 Ny R T o/ 3 U 77
3 1 KB TR MR, P 22 S e 7 AL S 7 T
HELFMEw, (i = 1,2,..., No)yw; = wy; (j =
1,2,..., Ny). R4S REON b, WALEALE W A

No
W = wiky +waks + ...+ wn by, = szkz (D
i—1

1.1 BfRiE#E
1.1.1  HAEREAHE RN

WA HER ST (WA, S P bm ) A e —
ANBEAUE, /S [ AL R 5 10 R AR A 425 SR S AE A —
ANREAE. AN R AL 7 45 S A R AT SR T AN
52 P, 38 5 ] Shannon 15 J5 8 Sk 3 8 AN Hf 2 1) 21
A RBORHE M H AR R AN

No
max fi(k) = - kin(k). 2)
1=1

Hr: Ngo N EZFANELE = (kb ko, -
1.1.2 NERE—FHERE

MAEAR G R, S E SR SHENES 'R
B3 A — S0 A R, SR B 8 R, B BN, — 5K
PR 20 A RCE — 0k B AR EON

N1 No

min fo(k) = ZZ(WJ —wy)? =

j=1i=1

k)

N, No No

S (k) ®

j=11i=1 I=1
Horp: Ng AR X NHL Ny AT bR 0, W A4 &1L
FIE A E, wi; NI NEFERNE .
1.2 ZREH

HERZE k(G = 1,2,..., Ny W20 < K <
1 HERE N2 L RZECE 5 H A S50 AL,
I, 2H A R EOL TR 4 2

No

h(k)=> ki=1. 4)
i1
HA: No A ERANELE = (k1, ke, ... k). N B

TAE LR
1T H bR B f1 605 In bR 4L T In bR 280E SIS
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(0, 4+00), B ik, H & R EE/IMEA GEHL 0. € K,
B/MEN0.01,40.01 < k; < 1.

2 HEWENHBRARMAL SRR
EHER 199 B9 N 25 T, 8 R IR 2 H B
WAL R B H AR RYIST X T 20 A AT 5,
AN afi (k) + Bfa(k) BITE AR A G REL K
a~ BONFERYINAL Z % e B R BN T
9 1) 75 73 Bt Z2 B0 AR A 5 e (1) B Al b 106 e AR
H161:2) EH R B RH. R T7 ik S DAAE R
Tff 7 B2 R B D et Il L, 2 S R 2 A
MH bRA)RARA A
min F(k) = (f1(k), f2(k)), (5
st h(k) = 1. ©6)

Hrpok = (ki ko, .. k) NHE RE R, F(k) N
H xR HUE. 302) Jv K B AR E, 08 T ik 5, 5%
R /N bR R h(k) R RLER, o H bR R L f
A fo A5 SR A i 2 3K (6) IR ke FRONTFIAT R 22
PR AT AT AR
21 AREREE

X Ty AT A ] 8, 3 R 55 S R A AN S
el il

|h(k) — 1] — 6 <0, )

Forr 6 % L A BAE, BV INUE, 29 0.001 5%
0.000 1. Pk, AN ke 3 S 55 X240 o 1) 3 I R T
LKRN
G(k) = max{|h(k) — 1] — 6,0}. ®)
22 R
BRSO e L, S 3 T BB R AL
LS % &, O E FRfifl . TR ANECH 2 B e
AT ) R 18, A P 2L A 1) B B eR UL N (0.4, 0.6) AT
(0.3,0.7), 7E55 1 HARR U 0.4 KT 0.3, HEH 2 H
FREAE T 0.6 /T 0.7, Toik B H 2 W7 9 4H i (B] i A 45
KR, Pareto L K R AEME R X PR % K R, K t,
K H Pareto 32 it ¢ Z 7 XU H A AL Ak 17 8 A 18] 1) £t
Pareto St ¢ 1515 a5 T X H b4
BT, DASe /M R 8RN 91, A7 AN TTAT fif o Fl gy,
FR  Pareto SZHC y, 77 B2 A&
{w € {1,2}, filw) < filw);
35 € {1,2}, fi(z) < f(y).
168 LB, W R AAFAE 2 Pareto SCHC %, AR
x* JAESCHC#. Pareto S M0 il £ 9 BT 3F SCIC A 1)

®)

ELE, 0T R H B B BUE (1) 5 G FR A Pareto B ¥ (Pareto
front, PF).

3 ETMOEA/D AR EF

SCHR [1,6] R H D0 BCFN 4 2 H w0 4 A 28
Ak R H bR AR, IR ZR HHE DAV f 1 e
MOEA/D Hik B a8 R . s S50 A,
FEBRE R Z BT I i Z A e 5 B
FRAC AR L, R 1, ) Fl MOEA/D v fif v 21 A AU E
L9 RARAL ) L
3.1 ZHMOEA/DHE.

MOEA/D i 5% — Mk 2 H An Ak inl @53 il
Z AR E L H bR ) /R i) R AR S R, R BT
A 0] R [ I 3R AT ik IR Ak, AT R 21 PF ) 77 450
8 &) 43 An (A R ) S 5| Ao A 7 1), PR o
FERE S i [ A4 28 25 [A), ORAE 48 28 808 S PR B 1)
Z FE1E. MOEA/D R0 1 3 B r& 4 i3/ DIt
25 2 v2: (Techebycheff approach, TCH) FH T 115 ] 5, %
PE AR, 43 31 17z (R U0 TR g, SR F TCH
I3 fE A E AR A, R IA AN

min (k| \,2%) = max {1£:(k) - A} (10

(A1s Az s A, T Ay > 0.
32 IAPF/3&

MOEA/D 5336 i+ I 4 AR AR 7] L. 21 45 A%
FEOUH B DA AR R A S S R, TN B SR AE
B SCHR [20) 45 APF B 38 4% SL ok 7 46 4]
R M DA ] ) . APF 353000

H(p) = 10717 —1. (11)

Hort: o 9% H (p) BB 1R, p N RIATRE LA,

FEH G BERA T, 14 AR A1, 2
AT 3 R R s ] A A 0, R RORE R KU A R
AT, KB 73 A D9 AR R AT R, 75 20 A 41 o 2O 7
BRG] A KL A A T 5] SRR AR BE N TAT i X
s FEHEAG Y, — 8 FTAT R NI A AR R, AT
FBOZB N AT iR G RO, SR A
A8 2 0 B AR AR R AT B BE A, TR, AT
Pk BA BN B e SR A AE ATAT A3t A8 2 A,
CAORALE AR RE R 22 A 1. S3EA0 5 9, 0 A o 3 D T AT i,
& R RN B e /ME 0. R, 1 5 B BN B 4% DA
TR

D) AT B B i KA 3T R 4 AR I A
ARERHIUE AT fif LA p 4 0.

2) BEE AR, T8 31 R O HT D, 30 R A
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BRI A — Uk R KL

3) AL H I, RTAT AR A2 T N A R AR, 7 AR
TH RN T T AR B A S I, 15 S R R I R
gz, PRI, 7 R BB 2 — AN SRR 12 AR

4) 24 p = ORI WIS, H (p) BUR KAE.

5) M p = 11, H(p) B/ ME.

i T APF ok Rk gEAb W B 16 31 R 8L 45 &
25 B R AT BRSO R R AN SO Y T G
N7 1] PR X (improved adaptive penalty function, IAPF)
Ji % TAPF )7 i RERIE AN
{10a<1ﬂ> -1,0<p< 1

10 — 1, otherwise.

H{(p) = (12)

Horb: p N ATATRE LA, oo R

Z:RESCHR [11] H A& T RECE IR LG, AT B
. G A H A E B )RR L IEE H (p) S KIE N9,
HEAH o = 1K RZEARNAK (12), 15 2 IAPF L&
7

10077 -1, 0< p < 1
H(p) = (13)
9, otherwise.
Forr p N ATAT iR L A5

224 H (p) 224k 28, i P 1 s, b P 1 R 2
255 5 0] 0, TAPF 515 2 50018 B0 K ME 9, 735 & %
THELR. I B B, 2R A A T e RO k),
LN 2 0.

* otherwise
—— IAPF

H(p)
OS— N Wk U \O

0 02 04 06 08 1.0
p

1 IAPFRA%
33 HENEEL
M 3.1 55 A 3.2 15 I N 45, S BE T TAPF [ 4H.
A BCE R H bR Ay
F(k) = {fi(k) + H(p)G(k), f2(k)+ H(p)G(k)},
(14)
Hr H(p) NIAPE AR, I TCH¥ 3 (14) #10N
PIAN 5 H AR AR ALY,
Z: {8 MOEA/D ik 150 3%, 15 2] 3 T- MOEA/
D WA BUCE B RO BRI R
step 1: FIUR1L.
1) W E S H R N, B A & AR

BT, B RIEARIREL G, LR ZH .

2) WIEEAL R (14) 1) F (), WIMEL S 25 5 2 =
21, 22), HeH, 25 = 151%1]1\,0{%(/@1')},]' = 1812

3) B A (A1, Ao, .o, A ) NI 0 A ) 9]
B { o b ST 2 1 0
PR B 0 B AR [ TR H T AN AE R A )
DA B() = 1,00, .. . 0. TR, LNT
GG R NI T AN SRS B )

step 2: FEAL B

D) BN AR B(i) BT 5 Florg A
W, 5 Hory # o, R BB 330 ) 52 R AEFD 2 015K
A SR TR TR A E Ry

2) IRy BARRAUE. M5 = 18020, Wil
ez > Fi(y), Wz = Fj(y).

3)ARIER (10),V 5 € B@), WHIH L g' (y; |\, 2*)
< gk | A 2%), Wk = y;, F(k;) = F(y;).

step 3: & 126 1F.

MHEAEL g, = Grnax N, 15 1AL, B, g, =
Gn + 1,3R [ step 2.

step 4: 45 WA .

gt B eR EUE DA KOG Y (1) Pareto S R Al 4E.

4 SEBIS T

N T B8 AIE TAPF DL & 2 T MOEA/D [ 41 4 AL &
SRR R, DA S B O H B A A 5E B Dy B itk i
AT 0 BLS5G. E Je, SCHR [7] A4 AL (optimization
weight, OW) 15 B S R A] 55 4y Sy AE 4& i oR 2008,
IAPF 5 0 76 5 b8 S0 A0 be . ok B AR Sk S
NSGA-II. MOPSO. MOABC } NSGA-IIT?! #f kb #5.
FEXT LGB, 2R T B0 IE A S R0 20 A A EL A (1)
AR, 6 EE B S AR SRR A R ) 2 AL BT
BRI S SONEE B A AT, & — Pl i)
Ok, 5T R AR L B R R R AL T E AR TR
FHl Matlab R2014A % 5 .
41 EBEFEBHEE

MOEA/D 5% Jg F i tb b K5k, ik S 4
(R IF RS R AR 45 = A B R . S0 K D,
2 PR IO RS, A 019 3 PR A IE Ol H
. 5 S SCHER19,11] HF S 0GR BLA 56 DL AE AT F0I K
Sah b, EESHEEN TN = 100,T = 20, G pax
= 250,86 = 0.001. Z & FHEEFE TR (7)1 THE S
iR Gtk R DR )Z (B) 1 3 7 & X BLE A,
43 4(0.5,0.4,0.1), (0.6,0.3,0.1), (0.5,0.3,0.2).

XA BCERAN 5, TVE R SE PR N T
Fb 25 22 b B9 ) 0 A 1 AL S, R B AR (hyper
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volume, HV)!2) 5 bR SR A 5 55325 1) 0 A 1k RTUSC S5 12k,
f

HV(P,r) = Volume{FLeJP[fl,Tﬂ X oo X [ frns T b

(15)
Sor PSR TEARZE )P A B ARARLE, = [,
Fare s ] B L HV (08 SRR MR AT T2

55 SR T AR Bl AR AR B 4 A A EE AR E b ek A
AR, R B S N = [6,26]. HV 8 bR A K,
R FILERE AR
4.2 IAPFBEXI4ES R

OW BB [ A JF N TE AT 3 b 4K 2 H br itk
I 8 ) e P A, LA 5 AR A8 ] bR B — BRI RE AT
oK OW A5 78 25 2 A AU 46 517 0% H. &1 ok 41 45 B EE A
B, AT TAPF 55 BE 55 51 oR £ 6] S, 017 B 285 R
K2 fr7s.

3
20
o
10
0 " "
) 0 2 4 6
5
2 ESIERBI LS

B &2 1] DLE H: 0T H bR R 3 £y, P81 T R
HONE N 1) oR B T EAE TR AE (— 1.5, 0) XA, A2 4T
Bl /N, 2% W e 0 8 0 A P 225 TAPE X 2 (1) BR A48 7
(—1.5, 6) IX[a), B AR fg v A VELF. AR W TAPF BA
AR, H AR R PF 2 FEVELE.

43 HEWNEFEBAMES

N T B8 IE 2 A B TV A U, o A S AN
NSGA-II. MOPSO. MOABC /% NSGA-II 513171
FLSRES. N T ORIE LTS 45 A AT LR, FE S
B AR E 3R

26

- NSGA-II
o MOEA/D
22 + MOPSO
s MOABC
18 v NSGA-III
o
14
10
6
-2 0 2 4 6
A

3 AANEFREIHLER

WY 3 PR 50, HAR R f1 5 fo AHE PR,
A E 5 NSGA-IT. MOPSO. MOABC }2 NSGA-IIT

SEDT A A 5, R W) 5 P R REAR AL
MW R SR IS AT I (] iy B SVA R e, ik

IBAT I R Y SEIZAT 10K IS TR]. FHV fabnfr

ERUMRIERE, 45 R 2R 1 AR 2 k.

x1 BAETEE
5y AXHiE NSGA-II MOPSO MOABC  NSGA-III
Wl /s 12.696  58.584  52.0949 71.0584 1733331
®2 BILRHVE
Mk ARCHP: NSGA-II MOPSO MOABC  NSGA-III
HV  89.26269 88.7686 89.1850 88.6045  88.8686

X B2 1 H B8 AT B[], A SC LY BT i FE A ()
LA T NSGA-II.MOPSO.MOABC }2 NSGA-III .77,
FUAA L IR BN L SR A 25 3, i %o b
SR 5 A A R P .

fEZ 2, HVE N KB R RAR IR A SCH
. MOPSO. NSGA-III. NSGA-II s MOABC, % H] 4
SCELFE AT A SR B T

T HEREBR F, A B REHE &
. DR e s TR B tH R A R AR
iR, K FH AR S0 80925 Ko NSGA-TL L5 43 3 3R i s A 3
A, o Ll g5 SR 2% 3 iR, 1A AL EE R R R B /AR
AR H bR bR BUE BN GT. TER 3, AR S
NSGA-I L mAR AT i 22 ml AN K.

3 mMin®

Hik k1 k2 ks f1 fa

NSGA-II  0.3281 0.3302 0.3323 —1.0976 25.9592

ALHEPF 02968 03595 03346

B 7 A B ) B T, LR H A oR B B K
B HMEMTHMHE, FIRIE 1T 10 R )5 45 BT
B, WK 4 PR, fER 4, % T BAREEL £ T 5, A
RS RE I T NSGA-TLELZE; X HAREREL £, 1M
5, NSGA-II LS # AR T AR SC B ik, X 3% B P A
HIEHARS.

—1.0946 25.9865

T4 BREHM

ACH D NSGA-II
L
f1 fa f1 f2
KA 0.207 29.671 6.461 43.137
w/ME —1.097 21.321 —1.097 7.544
“EIE —1.058 25.803 1.843 14.962

N T B AIE ZH A U SR S, AT U S v
{1 B2 B, S 45 R B 4 R S s, HE 4 FE 5
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AT AE AT A, CEE 43 #0  AE T AT R, 7 T R
LR, AN H AR bR BUE K 4 T AT ff it N3 R A
J&, T8 R ECIE N, R H bR e EUE R )
It 5 3 AR U KA o, A 1) R 0080 3 SRR R ),
1818 I T 58 AH; 35 AR VAR 120 1), A b b8 B0k
T e, TR T A S BCE TR AW SE. 7
Bl 5, YA AT R TR IE AN R RS, BT L A EE
ZEVE R, fo LR TE SR, fo 18 T R BRI IR PR
T fy, H B R A DN I PR A R . Bt AR B
40, TAPF [ 3& B 82, H A5 oh 30t 3 18 BN AR 1k,
Uk, fo LT S35 0L, 2% W TAPF HLAT 554 1) 3
P RE

0 50 100 150 200 250
iterations

B4 HIREL fL WSEhZ

28
27
= 26 ,
25
0 50 100 150 200 250
iterations
E5 BtrER faahsk
5 & @

A 3K MOEA/D B3 51 N VFAd 454, FH T 3K il
HEPENHE R FET/EWT:

D#EH T 5T MOEBA/D A AR EH L B
FEH T TAPF J7 i, 1 41 A A E LAY Ak S TE 29 AR
AL, ] MOEA/D 53544 4 A A S Y 43 i h
PN R H A b 2 1 AL, (5] B 50— A5 2 i [ A
b, FH AR A

2) F4 OW #5725 20 U 7% 1] bR B2, 5 TAPF
FH L6 82, 56 B 7 TAPF 5 32 [ &L . 5 NSGA-IIL,
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