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Abstract Recently the reaserch on multi-objective evolutionary algorithms based on Pareto optimization concept has be-
come a research hotspot. And it has been widely applied in engineering fields, This paper presented a parallel nondomi-
nated sorting genetic multi-objective evolutionary algorithm (PNSMEA) based on NSGA-II, PNSMEA adopes island
model and the population is divided into several sub-populations that evolve separately. The sub-populations migrate
good individules each other at intervals of some generations, which can keep individules” diversity and broad the search
domain of each sub-population. PNSMEA adopes arithmetic crossover operator to overcome the weak search capability
of SBX operator used by NSGA-II The test results show that PNSMEA can not only improve the premature problem as

well as the search capability in the isolated regions of NSGA-II but also contribute to obtaining the Pareto solution sets
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with better distribution.
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Initialize Population
Generate random population - size M
Evaluate Objective Values
Assign Rank(level)Based on Pareto Dominance - “sort”

Generate Child Population
Binary Tournament Selection

Recombination and Mutation
For i=1 to Number of Generations
With Parent and Child Population
Assign Rank(level)Based on Pareto- "sort”
Generate sets of nonrdominated fronts
Loop(inside Yoy adding solutions to next generation
starting from the"fiest” front untii M individuals found
determine crowding distance between points on each front
Select pointg elitist)on the lower fron{with lower rank)
and are outside a crowding distance
Create next generation
Binary Tournament Selection
Recombination and Mutation
Increment generation index
End of Loop

B 1 NSGA-TIE%:hE

2 7L S ES BiRELE R (PNSMEA)

NSGA-II thfEEE JLE AR Z AL : ORISR #EHi 2
X HE ¥ (Simulated Binary Crossover, SBX) , 18 22 1 fig A8 %}
55,675 NSGA-TT B ok 7E WS B R M A RES AT &N,
QBRI IKIGAAE— & B . &3 NSGA-TI HIRFF A
HAR . BE%¥ERA T HTREREPRNEIEE S NS
GA-TI A FTRRER R EREED Y, XEHFERRAN
EATTAREARFE S EHERERRRE Ry g
RE. B BIEER—AB4F. HTEIMSERESETHE
—A~B5, WA E R A FEF R RE N MERY
WeoEE, KESRBEWTX—8. EXMHTARaR
BAERMBEHEBIH Pareto BB BH K Pareto Hih
B R ARG, B R EE F B BIsHRES
LIRS A

3t EARFEERNRE, ZCRIET I TIEES RS
B A7 L3 2 (Parallel Non-dominated Sorting Genetic Algo-
rithm) , FEAEFEATW AL P ) B 05 R 5 NSGA-TI 4%

£, BA-BU5gE D — A b B R, A F R B AR X 3
A BRERRIESTEER. MAREERARE I AR ; §IGER
PRI TRESURRMNECRZNERRZHRTHEL. 8B
—ERBFREZ BN LRSI TFREZ B
MEMMET BRI T & FREP ML, RBTA
RS T REEE S Z B 8O ; S0 FHBENE X
R RHRSR, B ARME RS0, 23R TR
RO TRATHESFSBE MR B EE WAL RNERR
K—8p PR R TR, B IR TS D5
PP BE YRS AT R A AR 50 R A5 B D BE AR P M 1)
Pareto JE & &4k B r 83T .

BARRBIENGIERBE— B, A0 K
THEERSE BHNEGER BEFRTEMER BN Pareto
BILEER, W AT AR EFNGIEHE RSB F .
ERE LR AN ISR R M A E TR BN E
FOHE E RN ARIE R R R MR R SR M, N TG IR B BB
RYEEE.
2.1 HeREEFoRuE

NSGA-II %A SBX %2 X BT, SBX B FH#l — i3
XRETFHT B, X LB RS I AT 38 IRAE, BIXT T 48
ERIFEHLAS XA, BB SR AL T 38 XA B B S 4 .
I B X 1 R REMAN RS, AT RERENE
KU, ACRALLEERZNEF, HE A R AL
RSB 3R B A 3 BB % L AR SBX(Simulated Bina-
ry Crossoven) T X B TR REHRFHOH LM, ZRXBE
ARZXEFHR T #4738 XEAEST, R A FEHLER ¢
GNYAME R XE~XE, A X iR R
AT X = S X X o 1 € [0, 1 JRBENE L B S =1,

NSGA-NI X HLWRBRE T, K XU AHETRA
BHERMESNTERET. EEENMRAYSERE
T HOBEEZR, EEEHRASHTERUAMTRE
2.2 PNSMEA &k LI

A3 i) PNSMEA B3 278 NSGA-TT 8 8k i 56 b
BWINTIHTERPN SR, RS HLED, B
EBERI AT FRE, 81T RARR I — 508, BTG B o5
PR TFEEMR TENE., 8 TREAHRARLE NS-
GA-NTBEHUAE N T LM REHITEL, SR—€
RECEHRT B AP R M, B iat R ANEMNIHT
BMEEE, WA NBREREE - MEENL ERHFET. 8
NFRBE- TR EBEPHEHE, £ TFRER B
BRENTERZLEERE., FRBEZ TRANBENE,
RIERET R E TR LR AT FRA, B2 E
RIS AC # R A Windows % 48 4R 4t & 1 & R 3£ B
PNSMEA B LSBT 2 iR,

FHE " Fha
A '&%‘*
X #,
*i& Jé‘&%

F 2 PNSMEA kool

A FRB TS BT,
o 191 -



SHNEEKAD, TEGEITRARED G, GRS
B).G, IR,

Stepl FEARIRFREE, HEES— B MRMIHER.

Step2 X FIBEHEITIIE .

Step3 BRFEIEFEERE,

Stepd X ERBLE. TZHFR,

Stepd  BKA AP IR B =5 — AR BE.

Step6  MBFT—RRBEPEBEANMRE RPN ELE, t
EEBRRBEE TR,

Step? B FLBERRMAME. 5 RS R E 5
— R IR s A oy B

Step8 t=t+1,% StepZ.,

3 {FEXH)

31 WA RS

% BARRAL R, Pareto Bt B T 35 BE44F (4 4m ™y
FAEM R BRSNS SRR T ERNRE,
3 BB ANE B ARREE Y Pareto SR 6] BE, Zitzler % A i3t
HMTE MMM R BER. AXEREPHERETEN 3
AU e Ry 2 OB R BT R L LR R g 1 BRI,

F1 W EL
W B - y
&8 n REAR ZENTE 4 B B
N =z
_ B . i €[0,1]
ZDT1 30 [0,1] f2‘1>~g<z>[1" R e e
g(1)=1+9(.§21‘1)/(n—1) i=2,000n
J1(x)y=x1
- _ oz T €L0.1]
ZDT2 30 [0.1] fa(x) g(I)[l,, (x1/g(x))?] neo, O
g(1)=1+9(_§211)/(n—1) i=2,en
N =x1
Le(oy=g1— Va1 /gla) — 71 €[0.1] fnE
ZDT3 30 [0,1] Zeysin(0mr)] =0 ke

gD =149 5 /(1)

3.2 EENREREEN

A 3C# PNSMEA B8 B NSGA-TT HEH RIS
I 355 R e A S50 B0 1 I R K1 7 A S 322 A B ik
SHERBER R RERE SRR, R Zitzder B hyper
volume BEREU 18 Pareto I M, B Deb 9 A &
BAEP HE Pareto RS f MEFS AR, i FA30RY 3 MR
R B/ MEFEE , i 38 hyper-volume FI A & X 7] &1, hy-
per-volume il A HB/NEIBELEE. WM ERESQREE
EAT R R
3.3 BHgE

XEFAFME AL R B BB THEHR T @
28, NSGA-ILiEFTAEK Gen_max="750, P& N=
100, 3 XAFHE P, =0. 9, RR P, =1/n(n HRFLARYE
O B ZH B X XS H g =20, BHALERSH 5. =20,
f=1,PNSMEA. B I 1~ 8 =3, FFp B2 17 1B Gen_max=
250, FHHEHBE N=100, & FREMZXH#E P.=0.7,0.8,
0.9, KT FBEAYAE K P, =0. 01,0. 02,0. 03, FFH AW =10,
FERE RS =50, A RUR F A R PRI FME R, BI R BE )

. 192 -

ARTHE R R FEMSS TR L.
3.4 WikEH

PNSMEA 8.1 NSCA-TI B PR VC++6. 0
HERIE, BRIERZE N Windows2000, BEMFEITHME: P4 2.0
GHz, N7 512M,
3.5 EEMRER

MF 3 AR, R ELEBEBEITT SR, B2 H
WHEENEREELE., B 3—E 5 BRAEEM 3 AR
RPN BARY T ERELHRSRINER. AR 1
B RETTLUE S 72 3 ML R, S FAHNERE,
PNSMEA # 2 £ F NSGA-TI &3, XFF ZDT1 ¢y Pareto
13EE Bl BAR X 8. ZDT2 1Y Pareto 93E % Bk BiRIX
3. ZDT3 B B B Pareto X3, A 3— & 5 WAl F K,
PNSMEA B EEM M SR IR ITE Pareto IS BN B R
X6 FL B NSGA-TBEEEE—&,

£2 WikEE
e - Hyper-volume A B 8] (s)
EE:4 H KiE . K FE K FE
ZDT1 PNSMEA 0, 3651315490  0,000147 0,478868 0.00441 41.109 2,212
NSGA-TI 0. 404883011 0,000191  0.59709 0.00645 95.937 3.346
IDT2 PNSMEA  0.7303524184  0.000103  0.44783 0,00520 42,094 1,355
NSGA-Il  0.7763868883  0.000164 0.60341 0.00732 87.187 3,443

PNSMEA  0.2129300540  0.000131  0,28201 0,00217 49,281 1.621

ZDT3

NSGA-II  0.2480549939  0,000223 1.08581 0.00356 77,922 2,782

12J 12

i = PNSMEA
104 w| & Tun,
08 'ﬁm] 08 b7

1 «NSGA-TT e,
(14:’ a4 %
02+ 02 ﬁ%q

{ e
004 00 .

Tao oz oa o8 e w G a2 04 06 08 10

1 f

4 ZDT2 R4

0.0010.2030405%(17

&5 ZDT3 %

fEE BinEE RS XIS ER - EENE
B, EEHEEW T £ HAREAE RSB Pareto BB B9
BB 7. ZNARREER BE S5 AR I 1A i S5 B P, 4R T TG BR 8 o 3
RE KN BB RE B R TG E A KR EREE R
W E 4. 7€ PNSMEA B, R A IR A7 DL 1R 57 b A
TR/ E RSP E Z BT S, R RIE T B %
Pareto BRSSO A Y AT B 4, 2> T H B3t
B,

HRIE ATENSGA-NEELEM b, EL5ASI58
RER AT HATIES 4B £ B iR LR ¥ (PNSMEA),
HMFEREFMT o, EdWARBABERYLERER
B ,PNSMEA B - 1ER f# Pareto fEE MW S MO HHEY
0, BT NSGA-TTE k. Wik, X2HRUEKERN

LR,
(F4#% 205 70D



TEA B 207 B RO, B2 H A LR BdE 4, X
NCIBAEEM LT RA BRI, NCIEIRER 9 MRFA
BIERE 60 MEA, BRBFAKBEARRE 2~9 1. X
H—MEARIRE b R TFE B FER N SR B HAR
AR RMAE LB RR . BAE AR SVM 43805
HEARE A W SV B 2 JAL 58, (B 7E B 25 B/ MREAR B 52
b A PC AR RAH T —E MR,

SWIE  ASURI T FPET Ei SRR B oK
Trik il E IR A S & e A 3 il 28 Y Jr 22 BE B R
EHER . ERERER TR L4/ MEABHRRT, A3
TR HAM UM ER LT ER —ERRE. MR
RSB R VAR LR AR P T DU B R R T
R BEATRE AL IR, (AL DEA SRR R RA T KB ET
i o 2 T R B DR BT LA, AR SCER 93 26 07 vk R — IME AR a2 IR
ABFFERY IR .

2 £ X &

[1] Pochet N, De Smet F, Suykens ] A, et al. Systematic benchmar-
king of microarray data classification; assessing the role of non-
linearity and dimensionality reduction[J]. Bicinformatics, 2004,
20(17):3185-3195

[2] Piatetsky-Shapiro G, Tamayo P. Microarray data mining: facing
the challenges[ J ]. ACM SIGKDD Explorations Newsl etter,

2003,5(2):1-5

[3] LiJ,NgS,Wong L. Bioinformatics adventures in database re-
search[ C] // Proceedings of the international conference on data-
base theory (ICDT). 2002.31-46

[4] Cho S-B. Exploring features and classifiers to classify gene ex-
pression profiles of acute leukemial J . Int. J. Pattern Recogn.
Artif. Tntell,2002,16(7):1-13 A

[5] Eisen M B,Brown B O, DNA arrays for analysis of gene expres-
sion[ J]. Methods Enzymol, 1999,303.179-205

[6] Mallick B K, Ghosh D, Ghosh M. Bayesian classification of tu-
mors using gene expression datal ] 1. Journal of the Royal Statis-
tical Society,2005,B 67.219-232

[7] Quinlan J R. C4. 5; Programs for Machine Learning[ M]. San
Mateo, California; Morgan Kaufmann Publishers, 1993

[8] A novel ensemble of classifiers for microarray data classification

[9] Hastie T, Stuetzle W. Principal curves[J]. J. A, Stat. A, 1988,
84:502-516

[107] Hastie T. Principal curves and surfaces[ D]. Standford Universi-
1y, 1984

[11] Kegl B,Krzyzak A,Linder T,et al. Learning and Design of Prin-
cipal Curves[J 1. IEEE Trans. Pattern. Anal. Mach. Intell. ,
2000,22(3):281-297

[12] Wang Haonan, Lee Thomas C M. Extraction of Curvilinear Fea-
tures from Noisy Point Patterns using Principal Curves[ J]. Pat-
tern Recognition Letters, 2008,29.2078-2084

(L#% 192 T
2 X X W

[1] Fonseca C M,Fleming P J. Genetic algorithms for multiobjective
optimization: formulation, discussion and generation[ A] // Pro-
ceedings of the 5th International Conference on Genetic Algo-
rithms{ C]J. San Mateo, California, 1993:416-423

[2] Horn J, Nafpliotis N, Goldberg D E. A Niched Pareto Genetic
Algorithm for Multiobjective Optimization[ AJ] // IEEE World
Congress on Computational Intelligence[ CJ. Piscataway, New
Jersey,1994.82-87

3] Deb K,Pratap A, Agarwal S,et al. A fast and elitist multiobjec-
tive genetic algorithm: NSGA-II[J7]. IEEE Transactions on Evo-
lutionary Computation,2002,6(2):182-197

[4] Zitzler E, Laumanns M, Thiele L. SPEA2; Improving the Str-
ength Pareto Evolutionary Algorithm [R]. Switzerland, May
2001

[5] Knowles ] D, Corne D W. Approximating the Nondominated
Front Using the Pareto Archived Evolution Strategy[]]. Evolu-
tionary Computation, 2000,8(2):149-172

[6] Van Veldhuizen D A, Lamont G B. Multiobjective Optimization
with Messy Genetic Algorithms[ AJ // Proceedings of the 2000
ACM Symposium on Applied Computing{ C7. Villa Olmo, Co-
mo, Italy: ACM, 2000:470-476

[7] Coello Coello C A, Van Veldhuizen D A, Lamont G B, Evolu-
tionary Algorithms For Solving Multi-objective Problems[ M.
New York:Kluwer Academic/Plenum, 2002

(8] Coello Coello C A. Evolutionary multi-objective optimization: a

historical view of the field[J]. Computational Intelligence Maga-
zine, IEEE, 2006,1(1) :28-36

(91 xlpasr, XEH, KR, F. B AR RAE R NSGATL fHi#
(. B TR SR, 2005(15) . 73-75

[107] Ciekki Coello C A. List of References on Evolutionary Multiob-
jective Optimization[ EB/OL], http: //www. lania, mx/ ~ ccoe-
la/EMOOBbib. html

[11] Branke J,Schmeck H,Deb K, et al. Parallelizing Multi-objective
Evolutionary Algorithms: Cone Separation[ A7 // Congress on
Evolutionary Computation(CEC’2004)[C]. IEEE, 2004

[12] Deb K,Zope P, Jain A. Distributed computing of pareto-optimal
solutions with evolutionary algorithms[ J]. Evolutionary Multi-
Criterion Optimization, 2003,2632:534-549

[13] Ishibuchi H, Narukawa K. Spatial Implementation of Evolutiona-
ry Multiobjective Algorithms with Partial Lamarckian Repair
for Multiobjective Knapsack Problems[ A] // Proceedings of the
Fifth International Conference on Hybrid Intelligent Systems
[C]J. IEEE, 2005

[14] AEANFEXE LB, —#A R TREBREERD] R
KFFH BERR, 2003,49(1) : 39-43

[15] Zitzler E,Deb K, Thiele L. Comparison of multiobjective evolu-
tionary algorithms: Empirical results[ J7]. Evol. Comput, 2000, 8
(2):173-195

[16] Zitzler E, Thiele L. Multiobjective evolutionary algorithms: A
comparative case study and the strength pareto approachl ],
IEEE Transactions on Evolutionary Computation, 1999,3(4).
257-271

+ 205 -



