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Abstract A novel multi-objective evolutionary algorithm, called e-dominance multi-objective
evolutionary algorithm(EDMOEA) , is proposed in this paper. In the EDMOEA, pair-comparison
selective and steady-state replacement are used to replace the conventional Pareto-ranking strategy,
which could effectively improve the convergence rate of the algorithm and reduce the computation
time. The main component of the new algorithm is the truncating method in archive population.
Based on e-dominance relationship, it maintains the diversity of the population and prevents the
degradation of the Pareto front which often occurs in the conventional truncating strategies.
Future more, a new adaptive € setting method is incorporated into EDMOEA. Finally, five
binary-objective functions are used to test the performance of the EDMOEA, the Adaptive-
EDMOEA (AEDMOEA) ,and conventional algorithms such as NSGAII, SPEA2, and e-MOEA.
Experimental results demonstrate that the AEDMOEA and EDMOEA outperform other algo-

rithms on these test functions.
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Stdev 1. 3827E-03 8. 6884E-05 1. 4223E-03 1. 2395E-03 3. 3852E-04
Mean 6. 2141E-04 7. 8769E-04 1. 4519E-03 1. 4695E-03 7.3574E-03
006 Stdev 6. 8781E-05 1. 8808E-04 3. 3364E-04 1. 3116E-03 2.2523E-03
0.6 Mean 2.9802E-09 2. 4039E-15 1. 8433E-03 1. 9133E-03 6. 0361E-04
Stdev 4. 0809E-09 1. 9155E-16 1. 0071E-03 1. 0973E-03 6. 0102E-05
0.9 Mean 1. 4901E-09 2. 8339E-15 1. 6932E-02 5. 4584E-03 6. 9877E-04
Stdev 3. 3320E-09 3. 6043E-16 3.6553E-02 3.6419E-03 4. 2815E-05
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R 2 GD-Min HHFHEMITEE
e ZDT1 ZDT2 ZDT3 ZDT4 ZDT6
0. 0006 Mean 1. 1677E-06 8. 1417E-07 4.1711E-07 4. 4446E-05 1. 5246 E-04
Stdev 3. 2006E-07 4. 2412E-07 7. 0470E-08 3. 4413E-05 7. 1094E-06
0. 006 Mean 1. 0209E-07 4. 2881E-08 4. 4036E-09 2. 1387E-04 4. 4955E-04
Stdev 2. 8099E-08 2. 5259E-08 2. 3637E-09 2. 1250E-04 3. 7961E-05
0 06 Mean 8. 1530E-16 6. 6754E-16 2.3022E-09 4. 6551E-04 4. 3190E-04
Stdev 1. 0178E-16 1. 5594E-16 3. 1532E-09 6. 6613E-04 8. 7040E-05
o6 Mean 5.9999E-16 3. 9996E-16 4. 4703E-09 9. 1825E-04 4.0733E-04
Stdev 2. 1477E-16 9. 9460E-17 4. 0808E-09 4. 9524E-04 5.1721E-05
oo Mean 8. 9474E-16 8. 4396E-16 1. 5822E-04 2. 4948E-03 4. 7580E-04
Stdev 2. 7979E-17 9. 9292E-17 5. 4430E-05 1. 6005E-03 4. 7043E-05

M e BUE I R S S USSR RE I BB A B (3 3 1T
W) 2 e=0.6,0. 9 B} B &R EEH HAG P A
TRAE Pareto FiIHY 9 3 » B 45 A~ H A% o8 55000 1 (4 8.
AT LR 4G X AR B GD-Max #l GD-Min {HAR /),
HIX A 53 AN F T P 3 38 i e hp e . 9% B L AE
AR RS R R E R SR
FHE 28 SCHEAT . 2 3k #2 ORI e BUE /Y B o,
EDMOEA f # T I8 B 48 K Bl 5| 348 R 50 ) K 5L
Pareto R U5 i » 1 24 3% JH /M € BUE I EDMOEA
WIFE S H /Y Pareto Fij iy HHEA 748 R U 47 19 43
APk WA HE R N K ) € BUETT 46, 1 e=0. 06,
HEWD B /N € A,

R3I REMBRINFHE

. FHE
ZDT1 ZDT2 ZDT3 ZDT4 ZDT6
0.0006  681.7 769. 8 302. 6 782.0 528. 6
0. 006 98.9 90. 7 41.5 99.9 87.6
0. 06 10. 4 8.5 5.9 10.0 9.4
0.6 2.0 2.0 3.0 2.0 2.0
0.9 2.0 2.0 2.0 2.0 2.0

5.2 EDMOEA #1 AEDMOEA EHE % Bfri#EH
HEMR

TEAST o, EDMOEA R ] A 3d@ W e 34 58 5 g
1) AEDMOEA,NSGAII,e-MOEA, SPEA2 %%, 1
FHTFRAR 5 AT R B I XISt o3 A 1 Ait
B ARRE XS &N R AT LU A AT

HAR R BCE W A W6 R b SR Y Bk
A2 BEPL ™ A HoR F 52 80 1. 28 AR AR 0 —
HEH A2 X8 T (Simulated Binary Crossover)t*, 48
SRR R A £ 1 50 A8 5 35 F (Polynomial Muta-
tiom) ™ HPMZE N TS89 =15.E R A T2
£ n,=20. % T EDMOEA 53, 78 5 4~ i pF 4%

m

FHER BEAIFE A € 2%0.6,=0.006(i=1,2). SPEA2

BN A Sk T U (k= N+ N(N
FoR FhBE, N R K 95 Bl BE K /). AEDMOEA,

EDMOEA #l e-MOEA #s2% F Fa 25 19 1 4k S . 5
I B PR 10 B K IRECH 25000, fir G 505 ) H B
HHSHE MR 4 PR,

x4 BHEE (el RFATENE)

Bk R AEFME MR/ R ERTE R/
AEDMOEA 1.0 1/nreal 100 —
EDMOEA 1.0 1/nreal 100 —
e MOEA 1.0 1/nreal 100 —
NSGAII 1.0 1/nreal 100 100
SPEA2 0.5 1/nreal 100 100

T HAEE 5 AR P RE L SR — DT M 48 B
PRE. I — ST TE AN 46 b R BOR A ) it 4R A B S5 4L
LMP Y T.0—~RO RIS EBES L 27 L
F AT LA EAE Q 23 (8] v i S [ 1) et 4 5 22 100 19
i ANEN ) — T bR R BCR TS [ B e 41 8. %)
FHENELSAELIA=1IAR).itE A 5%
FAEG R W45 b5 of B, HAE BN, RIS
(10 o et R R ATT R b O T A R B oA B
Hypervolume #§¥5 B (3N 1) F1 Epsilon $§ 5
PREL CR I A TE 30O GEAE TO™ . B A~ 46 4 o
ORI T AR 0 I 545 8L 5 6 T AR R 1 L 35
AR B, BAHERMEN T RR SN Iy (A) <
I (BYF I (A > 1.(B) W A) DLHE B 3 5 4> 45 5 02
SN, S IRES RIWE T KA 5 A5
AR AT I 7 A ) B 2 R RP AL SR S A BR AL
PR RN AR X RE . B IRER R P4
A RIS B AT A0 B0 5 ol 8 o A 4R T S IC. S5 50 45 R A
F 5~ 9 FiR.

& 5 ZDT1 @ & #) Hypervolume 1 Epsilon
FE AR B T H 1 (Avg) TN AR #E 2 (Stdev)

. Hypervolume Epsilon
ik -
Avg Stdev Avg Stdev

AEDMOEA 2.3221E-03 4.5232E-04 1.0038E+00 6. 1064E-04
EDMOEA 4. 1366E-03 7.3935E-05 1.0052E+ 00 1.5816E-04
e-MOEA 5.5432E-03 1. 1594E-04 1. 0054E-+00 4.0785E-04
NSGAIL 6.6350E-03 1. 7487E-04 1.0097E-+00 1.4182E-03
SPEA2 5.1888E-03 1.7263E-04 1.0057E+00 1.9069E-04
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*& 6 7ZDT2 [T K Hypervolume #1 Epsilon
B EEREE

#£ 7 ZDT3 5 & i) Hypervolume F1 Epsilon
IR EENIRES

Hypervolume Epsilon

Hypervolume Epsilon

S S
" Avg Stdev Avg Stdev " Avg Stdev Avg Stdev
AEDMOEA 1.7763E-03 4. 7114E-04 1.0027E400 5. 9819E-04 AEDMOEA 4. 1403E-04 4. 9025E-05 1.0010E400 1. 2560E-04
EDMOEA 4. 2077E-03 9. 6955E-05 1. 0043E-+00 4. 7361E-04 EDMOEA  4.1264E-03 2.7001E-04 1. 0050E+ 00 3.1227E-04
e-MOEA 3. 9445E-03 1.5821E-04 1. 0035E+00 7.7450E-05 e-MOEA  5.6172E-03 2.1776E-04 1. 0064E+400 5.7231E-05
NSGAII 6.5375E-03  4.3199E-04 1.0077E-+00 1.1035E-03 NSGAII 2.6110E-03  2.4214E-04 1. 0052E+00 9.0772E-04
SPEA2 5.4256E-03 1.4433E-04 1. 0050E+00 1. 8684E-04 SPEA2 2. 5096E-03 1.7234E-04 1.0052E400 5. 8042E-04
& 8 ZDT4 g & i) Hypervolume 1 Epsilon & 9 ZDT6 8 & i) Hypervolume F1 Epsilon
RN FEEMREE RN FEEMREE
. Hypervolume Epsilon . Hypervolume Epsilon
Bk Bk
Avg Stdev Avg Stdev Avg Stdev Avg Stdev
AEDMOEA 5.6634E-03 1. 8432E-03 1. 0090E+00 2.1064E-03 AEDMOEA 7.7802E-04 1.4189E-04 1.0012E400 1. 3933E-04

EDMOEA 6. 9780E-03 2. 9405E-03 1. 0079E+00 1. 6726E-03
e-MOEA  3.5970E-02 2.2407E-02 1. 0968E+00 6.9649E-02
NSGAIl ~ 9.2137E-03 3. 0440E-03 1. 0096E+00 1.2534E-03

SPEA2 7.9398E-03 2.7921E-03 1.0071E4+00 1.4421E-03

7
EDMOEA 5. 0907E-03 9.8829E-05 1.0047E+00 1.1774E-04
e-MOEA 8. 2441E-03 5.6592E-04 1. 0058E-+00 3.6547E-04
NSGAIL 1. 8575E-02  1.3916E-03 1.0129E+00 1.7363E-03
SPEA2 1.5011E-02 1.4401E-03 1.0110E+400 1.9763E-03

ZDT1 [A) 2 A U 339 - 4% B W MY Pareto
E AR SR RE J1 . 02 5 s, AEDMOEA 7£ Hyp-
ervolume fl Epsilon 8 #5 I % 8 A% &% /N A 1M
EDMOEA B3 ¥ /ME  NSGATT i 15 31 (19 32 el 4 &
J i AR ZDT2 ) U2 I 55 25 % F 4B 4 Pareto
AR B 4L FRGE )7 AEDMOEA £ 1. e-MOEA
W20 NSGAI £ 2. ZDT3 [[] @) Pareto Hij
WY T 2 F % 22 19 . SPEA2 1E Hypervolume $5 45 I
WAk s T EDMOEA 7£Epsilon $§4% I 22 { F SPEA2
% T AEDMOEA. ix & W] SPEA2 1 EDMOEA 7&
ZDT3 [ 4%, B34 F AEDMOEA. 32 8 iR

5 AL AEAL BB KR ER Pareto [ ¥ £ AY
ZDT4 [a] {3 (4 45 S AEDMOEA 1 SPEA2 43 51| 1&
Hypervolume #1 Epsilon 8§ 45 & B B4 & /MHE
EDMOEA 7 Hypervolume $§#5 ¥4, 1 H Epsi-
lon FEFRE EME LT AEDMOEA , i i %1 3 AN L 7E
ZDT4 [a)@l |55 4. ZDT6 [a] 81 Pareto Hi #Y I (1Y
AMEZAES )53 4. AEDMOEA 7E P45 b5 o6 51 1
# AT FAUE EDMOEA I Z . NSGATL i 22.
7 10 |2 F ZDT4 F1 ZDT6 [a]8i a4 Hypervolume 38
WRIIEZEE kruskal-wallis £ 56, 8 A] 51 AEDMOEA
M EDMOEA ¥22 8 00T H e i LB R A.

% 10 ZDT4 1 ZDT6 5 & i Hypervolume 35 47 B9 IE £ %5 kruskal-wallis #1689 p &

ZDT4 [a8 p {8

ZDT6 [m] i p {H

AEDMOEA EDMOEA eMOEA NSGAII

SPEA2

AEDMOEA EDMOEA e MOEA NSGAII SPEA2

AEDMOEA —
EDMOEA 9. 3799E-01 —
e-MOEA 1. 0000E+00 1. 0000E+00 —
NSGAIT 9.9998E-01 9.9737E-01 2. 9312E-05 —

SPEA2  9.9871E-01 9. 3943E-01 2.0391E-07 9. 6957E-02

6. 2008E-02 4.3926E-13 1.6544E-05 1.2902E-03 —
3.2003E-10 2. 6306E-03 6.0566E-02 9.9991E-01 —
9.9997E-01 1. 0000E+<00 1. 0000E+00 9. 9991E-01 —
9.0304E-01 1. 0000E+00 1. 0000E+00 1. 0000E+00 —

9. 0874E-05 6. 7804E-09 3.4672E-14 4.7204E-12
9. 0874E-05 7.6634E-12 4.9021E-09
9.4174E-09 5. 9400E-05
9.9979E-01
1. 0000E+00 1. 0000E+00 9. 9994E-01 2. 1363E-04

TE. JRUIRBE AT REA [R5 3 BIE A 810 A A B M [0 £ 03 A1 5 6 6 B B0 AT RE AR BAT LSRR A S A i o0 A b p 9 R AR EAR B KL 2=0. 01,

EARVREFRBL X T RCH AR AR B S A R
R Pareto BTG 19 ZDT4 M54 , AEDMOEA
Htkre e T H e A MEEAE ZDT4 m# L,
HAL %M T SPEA2 fil EDMOEA %%, 55 4h . 1
P9 A~ PR RE VR 46 B 00 bR v 7 2546 AT DL R B B A
SRR E 2E W /N T O L R B A AR
UF BB R PE IR AHS T 00 kAR

K, 5 [l e B EDMOEA f1 &% 1 2
Hbr i A 5 A b, SR T B 38 D e 1 %% 5% g 1Y
AEDMOEA 3Lk B A HiF ik fg. 55 1. 88 e

] SR ok A5 05 AR R e A ) R
BRI AT AR S RS = A
b e WARAR B T 2Rl Pareto Fifiy 09 Z4E 1L AT LA
FEAR R T 8T 19 Pareto Fifi.

FUR A 25 1 T SRR AREAN € H T R i
JEXT T IE MR RE A T B R WAL AT SRS A 3t
X B S J T B M A BT S T3 Ak — HAMATE RS
S P E TR L e AT 3N A A A RUR BT
. 5 R B 19 728 53 50 1 O DLBCR R
APt HG e QB3 . L W] LA A DR R R 2 AR A

5
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BHABIE NG — A UMMEA, & SC38 0 T —
KFL Birie b EDMOEA, Z B LR AT
e S E G R FIDRG S Bl B FH SR & T TR 2 i T e B
B0 B R SR B 5 e B T — OB B 3 A N e
RS, LI 0], 5 SPEA2.e- MOEA \NSGAII
w2 BAnEIL A e, XA s B IS N Y e TR
Fng ) EDMOEA Sk A A BEACH #rfa] @8t | HAA
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the theory of evolutionary computation; and the project
No. 70571057 and the NCET-05-0253 focus on co-evolution
computation and the applications in handling multi-objective
optimization problems.

The evolutionary algorithms have been recognized as an
efficient approach to solve the MOPs since 1985. The exist-
ing evolutionary algorithms for the MOPs employed mainly
the Pareto domination relation to determine the fitness func-
tion so that the selection pressure was achieved to drive the

population towards the true Pareto front. However, it is not

easy to manipulate and computationally expensive. Recently,
the steady-state evolutionary algorithms that make use of the
pair-wise comparison instead of the fitness functions to bias
the selection of parents are proposed. Further more, a relax-
ed form of the Pareto dominance, denoted as the e-domi-
nance, is becoming the popular mechanism to regulate con-
vergence of multi-objective evolutionary algorithms.

This paper adopts a simple truncating method based on
the e-dominance relationship in archive population, and pres-
ents the e-dominance multi-objective evolutionary algorithm
(EDMOEA) and adaptive EDMOEA ( AEDMOEA). Both
EDMOEA and AEDMOEA could guarantee the convergence
of the population to the subset of the true Pareto optima and

the preservation of boundary solutions.



