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Multi-objective Evolutionary Algorithm Based on Orthogonal Designing Model
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Abstract; Aiming to improve the convergence and diversity of multi-objective evolutionary algorithms
(MOEAs) for solving complicated high dimensional multi-objective optimization problems, a multi-
objective evolutionary algorithm based on orthogonal designing model ( MOEA/D — OD) was proposed.
Under the framework of multi-objective evolutionary algorithm with decomposition scheme as typical
characteristics, the orthogonal designing model (ODM) was incorporated into decomposition mechanism.
By utilizing ODM, the good genes carried by the recombinant parents were obtained by offspring to avoid
blindness of searching to improve the convergence of the proposed algorithm. The decomposition
mechanism was applied to selection to balance exploitation and exploration. MOEA/D — OD was
compared with four state-of-the-art MOEAs on 18 benchmark testing problems. Experimental results
indicated that MOEA/D — OD can obtain good convergence while having uniform distribution and wild
coverage for Pareto sets. The searching performance can stay well when solving complex problems with
complicated PS. To validate its performance on constraint multi-objective optimization problems, the
proposed MOEA/D — OD was applied to solve the I-beam with two conflict objectives. Compared with
other algorithms, the uniformly distributed Pareto sets obtained by MOEA/D — OD showed its
practicability for engineering problems, which was an effective approach for solving high dimensional and
complicated multi-objective optimization problems.
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5.65x107 (1.3 x107%)
4.44x1071(6.4x107%) "
2.21 x107'(1.9x107*)
1.99 107" (1.7 x107%)
2.13x107' (7.4 x107%)
2.13x107'(1.5x107%)
1.70 x10 7' (2.3 x107?%)
2.43x107"(3.2x107*)
6.65x107"(1.2x107°) *
6.62x107'(2.3x107%) *
6.53x107' (1.4 x1072) *
6.61 x107' (1.8 x107%) *
6.51x107 " (7.1 x107%) *
4.21 x107"' (2.6 x107*) *
6.40 x10 7' (3.3 x107?%)
5.05x10 7' (5.6 x1072)
3.28x10 7' (1.3 x107%) *
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5.65x10 7' (2.3 x107°)
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2.13x107'(8.8x107°)
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5.42x107' (2.8 x1072)
6.16 x107' (6.1 x107%)
6.24 x1071 (3.3 x107%)
6.27 x107' (6.2 x107%)
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5.08 x10 7' (2.3 x1072)
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1.92x107'(5.5x107%)
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4.43x107"(3.3x107%)
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1.99 x 107" (4.1 x107*) "
2.13x107'(6.3x107°)
2.13x107'(5.2x107%)
1.53x107' (3.5 x107%)
2.41 x107" (3.6 x107*)
6.64x107" (1.8 x107*)
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6.04x107" (5.6 x107?)
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2.13x107 " (4.1x107°) ~
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2.40 x10 7' (4.3 x1072)
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3.68 x10 7' (6.8 x1072)
2.90 x10 7' (4.5 x1072%)
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4.06 x107° (3.6 x107%)
2.66 x10 3 (1.1x107%)
4.26 x10 (2.4 x107%) ~
7.29 x10 75 (1.9 x10°°%)
1.66 x10 # (5.0 x107°)
1.33x10 (1.9 x10 %)
3.77 x10#(1.7 x10 ™)
L.02x107%(7.0x107%) "
1.25x10 (1.1 x107%)
4.61 x107*(4.5x107*) *
6.25%x10 73 (1.8 x107%)
2,69 x107*(2.2x107*)

1.22x107%(2.4 x107%)
8.78 x10°*(2.3x107%)
3.01 x10 3 (4.0x1077)
5.66 x10 (2.7 x107°)
9.34x1074(7.0x1077)
1.50 x10 (7.0 x10 )
4.02x107°(1.9x10°°)
1.93x10 (1.1 x107%) *
4.52x107°(3.9x107%)
1.48 x10 *(3.5x107%)
4.91 x10 (1.2 x107%)
2.25x107° (3.6 x107*)
3.09 x10 3 (7.8 x10 %)
1.89 x10 73 (5.1 x10°*)
3.72x1073(5.3x107%)
6.76 x10 3 (2.1 x107?%)
7.07 x10 3 (2.3 x10 %)
6.51 x10 7% (3.3 x107?%)

1.25x1072(1.6 x10 %)
1.49 x10 7 *(1.7x107°) *
3.01 x10 (1.5 x1077)
2.28 x1074(2.5x107°)
9.29 x10#(7.4 x107%)
7.64x107°(3.8 x107%) *
2.91 x107°(4.3x1077)
2.86 x10 3 (2.4 x107*)
6.57 x10 7 (4.4 x107°%)
8.17x107°(4.1x107°)
4.65x107%(8.0x107*)
3.00x1073(3.1x10°%)
2.86 x10 73 (2.5 x107*)
2.40 x10 2 (1.5 x107*)
4.04x107% (4.3 x107%)
1.17 x1072 (2.2 x107%)
1.55x1072(1.5x10 %)
4.98 x1073(7.9x107*)

6.74 x10 3 (3.8 x10 %)
3.53x1073(3.8 x107?)
3.00x1073(5.8x1077) *
4.18x107°(5.2x1077) *
9.32x10 7 #(7.6 x1077)
1.42x1073(8.0x10 %)
2.82x107°(3.5%x1077) *
3.06 x10 3 (1.0 x107%)
5.96 x10 > (4.0 x107°)
1.68 x107%(1.2x107°)
6.25x107*(1.7x107%)
4.53x107°(2.1x107%)
3.37x1073(8.1x10 %)
3.18 x10 3 (1.4 x107%)
5.60 x10 73(9.7 x10 %)
1.54 x10 72 (4.7 x107%)
1.44 x1072(5.6 x10 %)
1.07 x10 73 (2.2 x1073)

M 2 T 51, MOEA/D — OD 59 3% of {1t g i 4~
%k 11 4, MOEA/D — DE NSGA — II il AbYSS %
KA 2 A, SMPSO B35 U4RAS 1| 4. X T WG

Z % ] @, MOEA/D — OD 1 MOEA/D — DE K fi 35
R AR IR AT — A Eem 9, {A & MOEA/D —
0D # /& |z F MOEA/D — OD, f it % H] MOEA/D —
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OD P #EH MOEA/D — DE B3 7€ , W 8Pk o 38 4F
1 WFGI [0 85 |-, MOEA/D — OD %4 3% NSGA —1II
SMPSO #1 AbSYY H 1t ; % F WFG(2,3,5,7,9) A
G5 B PEREAE XY 5 X T WEFG4 [n] i, AbSYY 57
B, SMPSO B3 A X £ 25 5 XF F WFG6 [a] 51,
MOEA/D — OD % vt it fit F AbSYY & #:; %f F
WFGS [a] 5, NSGA — I % 3 1 68§ttt , MOEA/D —
OD MEREHE4 2. X F LZ09 % %1 56 %, MOEA/D —
OD B3k B HoAth 4 Fh B VL0M 5 o5 A 4 X 0 e, Hor
Br 1 F7 [n), MRER 22 T MOEA/D — DE 5.3k

HH % 3 W] A1, MOEA/D — OD 583 (5 fi ) ] 2 Ay
9/18 ,MOEA/D — DE I AbYSS %4y %y 3/18 , SMPSO
VLR T 2/18 ,NSGA — 11 {51 1 A Ieflifi . 78
WFGL [a] 5 -, MOEA/D — OD B35 % 53 4h 4 Fh B
85 XFF WEFG2 [m] 5, SMPSO 53 1M e i L, MOEA/
D— OD MOEA/D — DE 1 NSGA — II ¥ fig /1 24,
AbSYY PERE i 22, M 22 — DB 9 X% T WEG (3,
5,7,9) [nl#,5 Fh A vk P e 22 BE /N X F WEG4 (7]
15 AbSYY & P 5 A X WFG6 [a] i, MOEA/D —
0D .MOEA/D — DE Fl SMPSO % u: 1 G 75 — N i &=
¢, Hoh SMPSO 7 /i L, AbSYY M BB £ 255 X T
WFG8 [n] 85, NSGA — I % 3 % g % f, MOEA/D —
OD .MOEA/D — DE F1 SMPSO #:BE4HY . X} F LZ09
F I R E, MOEA/D — OD B 55 HoAth 4 R 50 &
di A XS R T F(7,5) [l PR 22 T
MOEA/D — DE Rk, X F LZ09 &% k%, MOEA/
D - 0D H k& L F MOEA/D — DE 5.3k, & W
£ MOEA/D HEZL T R ] OD # R 58 i 4 24 £ 5 55
PR RE . X T F(2,4,7,9) [0 8, MOEA/D —
OD #; NSGA — 11 ,SMPSO Fl AbSYY %{H I KA #4%
AR,

%} MOEA/D —OD 5 MOEA/D — DE \NSGA —1I,
SMPSO Fi1 AbSYY, 5 Fp%& 3 #£ 47 Friedman ]2, M
WA RaNEE 4 Fros . I EdE 7T LLE i, MOEA/
D - 0D S ktEgeHE4 55 1 ,MOEA/D — DE S35 HE#
% 2,MOEA/D — OD Bk tk MOEA/D — DE 8 ik 3%
RMERE ¥4 10% A4 . X T HV 545, MOEA/
D — OD %4 3 fH % NSGA — 11 SMPSO #1 AbSYY %4
2L G HEUE T S 02 1916 £ 2.3 A5 A 2. 19 % 5 %)
F IGD 845, MOEA/D — OD % 3 #H %} NSGA — 11,
SMPSO 1 AbSYY % v: 4y M4 & T 36% .38% #i
51% o 245 LA Bl DA% i, MOEA/D — OD %%
FHLC T3 81 4 FhOTE , B BRI SE 4 ) o

T VPAR S W S BE L, 22l T MOEA/D —
OD .MOEA/D — DE \NSGA — I .SMPSO HI AbSYY %
WA HALAER TGD E, &l 1 s o A8l

&4 HV 1 IGD Lt # Friedman #f %
Tab.4 Friedman ranking of HV and IGD

ok B (HE£)
HV IGD
MOEA/D — 0D 5.1111(1) 2.3333(1)
MOEA/D — DE 4.5555(2) 2.5556(2)
NSGA —1II 2.6667(3) 3.6667(3)
SMPSO 2.2222(5) 3.777 8(4)
AbYSS 2.3334(4) 4.7778(5)

JEF ,MOEA/D — OD S 4E F2 [a] {8 | AH X 1 A
FE BB SGE B . SMPSO Bk X T F (T,
4,5,7) [n) B, A 3 A W0 300 H8 A B P i e S L e
FWIT SMPSO B3 iy 8t il kL 7 R AT HEE 9 I i B
AP 4 s S Re ), B H S e 0 B .
MOEA/D — OD & yE4E R 8 F(3,4,8,9) |, 583
hee Jifesi . X T F(5,7) ], MOEA/D — DE %%
B B R SRR .

4 TREZLH

Y F MOEA/D — OD kA K i KA W 2 Hw
5] R 7 ) R AR fE, b T — 2 U A R R 2
H AR 29 d B R RE 7, # Hw T T3 £ 382 2 B in
POt R, FRM A EEWNE 2 s, FRRATE
T A2 TUAR] iR B2 24 SR 2% A T, % 1 48K T B R A
My &b, e E =2 x 10° kN/em’, o, =
16 kN/em’ , P =600 kN, Q =50 kN, L =200 cm,

H T ) BBUAE 72 20 3, AR SCRJH DEB ! R iy %
Hbri:ab 26 ) 49 R & . MOEA/D — OD 5 %
B S HON e R AR 300 3, FhE /N R
500,p, . =0.2, p. =0.8, CR=1,F=0.5,75 5
R U/, AR PR S KB AR RN T =
20, 4RI R A 6 =0.9, F M B HEH n, =3,
HRAE SCHR [ 30 ], A] 45 B B A A ALy

minf, (x) =2x,%, +x,(x, —2x,)

3
min/; (%) :4I;LE[
PR
M,
g:Z: +7:—aa$0
Hp 10<x,<80 10=<x,<50

0.9=sx,<5 0.9=<«,<5

PL oL
M =22 M ==
g Ty

1 oy (x, —2904)3 +2x2x4[4xi +3x, (%, =2%x,) ]}

I=—
12

Z, =6L§x3 (x, —2x4)3 +2x2x4[4xi +3x, (x, =2%,) ]}
" T 6x,
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Evolution of mean IGD metric values versus generations

2 TR R A

Fig.2 Schematic diagram of I-beam design

Z. :L[ (x, =2x,)x; +2x,x, |
- 6x, 3 2

Kl 3 25 MOEA/D — OD HikoRfif 1 BB 2 H A
PLAC LT IR AR AT Pareto B H , H [ o] JI3K 4% PF
B, LT TN H R R RE L R

3 Pareto BijVH A
Diagram of Pareto front
MOEA/D — OD % 5 SCHR [ 30 ] o iy 45 2R i 17 %t
o, Hov oA 3OS Bk R4S R o R Dl (126.704 7,
0. 061 523) F11 (850. 000, 0. 005 903) , > @k [ 30 ] 1,
NSGA — II #4589 A% v % &y (135.555,0. 039 74) F
(850. 000 ,0. 005 903 ) , MOPSO — CD 7k 5 119 % 32 fit
A (128.170 8 ,0. 049 401) 1 (850. 000,0. 005 903 ) ,
RM — MEDA #1509 4% dm fii & (127.391,0. 054 075)
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F1(850. 000,0. 005 903 ) , MOTLBO i 15 [y 4% 4 ife g
(126.705 1,0.052 304) A (850. 000, 0. 005 903 ),
B4 EE AT, AR SO R B MR E T 58, 5 3¢
BR[30 ] ih 42 9 MOTLBO 53 MEREAR 2 .

5 &XRiE

P T AP IE S BTHEERY, O oR 25 o AR O
(SRR INTIBI R I o ol L R O o i1 S A i
B MOEA/D & ¥: fi§ MOEA/D — OD % 3. ¥
MOEA/D — OD % ¥: 5 MOEA/D — DE . NSGA — 11,

SMPSO \AbSYY $ 35 7 18 > FE A I i K b w47 115
T HE S, o A 2 SR T ¢ 1 A S B M TR BE A A K
M B B0 R 19 2540 5 B, 5015 3RS Pareto fif 4 T GE
UL H SR PFJCHOR AR SRR BAT 52 0% PS /Y LZ09 &
SRR AR TR ] DE 551 ,MOEA/D — 0D
7% MOEA/D — DE 55 3 B¢ (R 1R BB S0, &8 #
5. B MOEA/D — OD B35 M T ER Z Hbrik
THIA) R AR I, 530 3k RE A5 044 2 19 PE X HE Ik
W T TR
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