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Abstract: To solve the time-consuming problem of the fitness assignment in the multi-objective evolutionary
algorithm, this paper proposes a novel fitness assignment—dominating tree. The dominating tree preserves the
necessary relationships among individuals, contains the density information implicitly, and reduces the comparisons
among individuals distinctly. In addition, a smart eliminating strategy based on the dominating tree maintains the
diversity of the population without extra expenses. A new multi-objective evolutionary algorithm based on
dominating tree is proposed on these innovations. By examining three performance metrics on six test problems, the
new algorithm is found to be competitive with SPEA2 and NSGA-II in terms of converging to the true Pareto front
and maintaining the diversity of the population, moreover, it is much faster than other two algorithms.

Key words: multi-objective evolutionary algorithm; evolutionary algorithm; dominating tree; eliminating strategy

B B H TS 8RSk b S 48R (fitness assignment)$93ERT KM 3R i T — A M E A ERR T
E—— SR ERWNRAE T ARG LB L BEST MG EEMEE, MBS FAY T MRZ I 6 e 3tst,
EF SR QARBEALRPIIIRN KRG T RSN 0l o E BT —HHGRT AN S E
At ok it 6 AN BRI M A 3 AF @6 R BRI A AR A RORUIT S PRGBGSR T R,
SPEA2 fo NSGA-II #fitA8 & {2k K # L ENRFS .

XEF: 2 BArsb ik e ik, & AR KR %

» Supported by the National Natural Science Foundation of China under Grant No.60435010 (Bl & B 3%} % % ); the National Grand
Fundamental Research 973 Program of China under Grant No.2003CB317004 (B &K E S ERIBI 5L R MR (973)); the Natural Science
Foundation of Beijing of China under Grant No.4052025 (JL X i BRI & &) '

Received 2006-03-10; Accepted 2006-05-11


http://www.cqvip.com

P 000 http://www.cqvip.com|

506 Journal of Software 343k Vol.18, No.3, March 2007

FEEH XS TPIS SRRARIRED: A

% B #4844 5 B (multi-objective optimal problem, & #% MOP)R & 8 25 [/ it {R 4L B4~ B #x ) ) 1. — B R i,
XA B iR R AT RN, TS K EFRE AN RRAE KA BRI RRERN, EAR AR
R4k 1] B (single objective optimal problem,f&#% SOP)BHREF —MRMB X FHEE — KB - HEHFEN
BOFEHRE—RABE - IMENEEET FRETENMRAETE0+/LER BRI L RN E G
B3R F B MOP A .

HREN S ERBEUEERTTEANS ZOHAR,RE TREME B 458 14 B 3 (multi-objective
evolutionary algorithm,fij# MOEA)!" S iX B8 Fl Pareto AT RSB R FHRE—HIELRBIELNER.
58 BHEMRAREARR, % BRRLHRESIIRAB45:(1) $iE Pareto BRIIT:Q) REMBES MY
TERIXFEAEREATREERAF RV EEEN — SR A RERENSRERAEN
MOEA FHFE—ERE,RE MOEA LBHEA N THEEFHREEEZHTRESRAFENKRHH
RESEEERBLR AL EAEMALRMRSTAE S —FHE, ML MOEA FERMATEENE Fi, R
TP EI R MOEA 246 ZE /).

R BRIVE LS T Pareto &R FRENAEFEIRS RN KERRERE T —RF BN EN
HIREFE— SR SRAREBRRETMERERHN XM EXRSFIHT Pareto &R K, B E A
2 BRI, T BB A T ANMEZ 8 1 3 AR B BT &R iR R A | E B TR AE IR B R
FREMBES ML d ik RNBH T ET SEME S B #7% H ¥ (multi-objective evolutionary algorithm based
on dominating tree,ffj#% DTEA).DTEA ¥ YT AT (KB AR FEF B S M RIS B A B SR P, X EBE
BE A RS MBS R R Y DTEA #4575 8|5 SPEA2 Fl NSGA-II t 864 24 (942,18 & DTEA HHARBA

HEERBS.
1 2 ERELHZRER

RATTH 16 45 1 51 B B AT MOEA R 70 8 58 A48 SC 4 I 9 — 2243 RS 2141 B BT MOEA R R )7
%5 5MEIRH T BHET MOEA BFL R AR7EM — 2819 .

11 EEEX

Veldhuizen I Lamont S/ #H#iE X T % Hinh ik EMHEXKESO RN AEXXFERHBH N E
BSR4 SR e B /MR 1 LR o B oK AR Ak 19 B R 2 5 5 AL B R / R AL 1) BE. ,

EX 17— # MOP:—4 MOP EHEB/MLEBRAYE F@)=(fi(x),...f-(x) H KR AREM £.(x)<0,
i=l,...kxe AQRREZEFRA)MHE — MOP HREER/MbL m ERWERFRAE Fr)RE M2 EZXE,

x=(xy,... X)) N n ERERE.
EX 2, Pareto ik 10 R FIE U=(u,,...,u)Pareto 5 V=(v,...,v.), MiE R U< V. U<V, 5 HN Y

Vie {1,...,m} usv;adie {1,....m} u<v; )
M5, MOEA MR EBERET Pareto M. — DR E x,c 27 Pareto BIMA, 2% HNLUFFE xe 2
W2 F(x,) < F(x,).Pareto B REK R BMESEIHN R EH Pareto BRILE XN NK B IR HBEESHEHRAESN

SRELE Pareto R ¥4 T R4k, 76 T HHIAUR P RATH A &5 RACE Pareto 54810 B B Pareto &5 fRH W F 454
5% 1. Pareto T 1EF K B RFfEiE .
PR 57 W JER B LA % E B L ) B, UF K.

1.2 MOEAH{EAMBEAR

—A 4 MOEA SAHKERAFME:(1) S5 RMBEEIE Pareto BIMATH;(2) BEF RIFMNSH
HELIX B AN B 5 R K H4 MOEA [t S8 iRdE b T i X B MR R 3t TR M,
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ATHEE—FHEETF Pareto HRKBNAERRFEHARESHBARLLNBRNWAER EABHE
WRIE Pareto (RN ARHEATHERF 1R £ 38 M M 18IR 77 1 LMW HK T .Goldberg B 5642 H—Fr % F K7 L B
3 NSGA-IT 2 B i 1% 7 Bl AR R 9 B A R 1 /2 3044 F /R Rl i3k 4 (B (rank). Fonseca 1 Fleming $& i —
Fh 77k, B — AR O HE 4% el PR %R o R B0 AR (03K B Bk 2 B, Zitzler A Thiele 78 SPEA2 3811 T B —Fiy ik
LB EMBETNE B ER M REE ZEES T SRAEERE AR

St T4 =5, — &R I MOEA FIF® Bt 7 EREMN BN S /M ER iching) ENHHFEE
R% MOEA ¥/~ i, 5130 MOGABLIXF 7318 B — AN FE B B Spare- 1 B A7 %E ) /ME I Niching
BERH B 5 Spgre LB — BT E X Cpare TRE S BN ERBEAMNEAXEEFTELEABENERMRE
SPEA2 $,5% k AMBIEAMEZ IR HBEBE 16 44 Ak 0 B B 45 BPLNSGA-IL 8 7 —F BBl & B 14 3 07 5. 1%
FEABERESHIES NSGA HLH BIRM A MEH&ES—ME RN SRR ABMEN T EEE
FRZ AR5 Bk F.— M8 T o0 A4 EG e 20 3R 0 B 2% 1) b S W, W7 DA b A& S5 — M F PAESPIAN
DMOEAPUE Fl T 1% 77, Atashkari ¥E38 1 T s-#90K 0 2 Bt J7 36140,

SE Ak, HoAts — e R B2 FH B MOEA 3R B 5T K B 2L 7 ik (elite) °T UL .35 48 W MOEA 88,7 HiXH
B FBi L E R BLRIMNRFERULIREF B NOERIFHERNEE S A G B E R BRI S E e
B/ 77 A B, 7638 40 SR BB SR AR ROV 2D TR 0 T I B e O T E A 25, T L, £ P S B2 PR 2 B
K/NAT LA Pareto RUVS BB

H iy e X E AT 7T KB A ST RBHEEEE RO E B RBEE KRR 2R %R
FF AN R R 2Z 18 5IANR AT SRR R % R 3 o T % BRI AR ERERE TET M EEER
BISMEBFRBEE I 5 1k, S A BT MEIRIE Pareto XX RN 4 NEKWER L8 H T — P B AMEH B EE
B RO AE P 1 R ) % = A AT T IR B T & B AR AL R

—RI MOEA BE4NAR— LR EH NG T NG R B XEHEEFE SRR —JH,
MOEA BB A 7. 0 T BBIF R, M E MOEA H ik T RIERT B ARFSHEMEH T RRANEAR, BRIX L
BHEEREXAAEENAMERENE L EXFH T E P EHNEREEREREXNFEFRESH
FEIREL T N A FER2 R AT %% 0,DMOEA 4 6 MEKH 4 M SHFERBC. 55— 1H, MOEA H
BIREER B, K854 MOEA AREMHEENME X THSREETS ERNENERKLEBRETR,;
B AEERFETHEMRAEROERHTEIREL AXMNHAREBFRER T — MR EEREHN
MOEA H .

2 SRREMR

ERAEIRVER MOEA 1 EHER 5405 1 4 B0 E N EIE IR DRI K T AR LB EHER S
1R TR T 10 E 0 D T A0 5 0 T R G S B VR B 80 0 2 ) — .

2.1 RAEMERRNTREZL

MOEA —AEEMFN A ETSNERR L ENEHRRE RN IR X8 REETSH
PSR ERRE —ANMERN A AN EEENREEET SIAEEENERRIEHROMA Pareto &
AR B A MOP IS HER WD MEZ AR LB LR A B BRI R EBHF A AR —EX R HIAFHN
XAREESHEK T, —BRX R RERFERALER LRI AMEZAE G RRXRRE L MELLBR AR,
SR R AR AL Bt B2 MR T ERS B — M R ER s~ MME A B 1 FMAERES
BRT S MERZAMXRRNERMRRE FHRBILARR A, W THERXLEXRE?

B4 Pareto & A K B KRB, BB X R UNIA KRR HH -2 K. LLE 1 51,N4 548 N3,N3 &
N2, Bk N4 AR N2, BT LALNA R N2 Z A LR R R H LB RN BE RIS M EARERAE N
FiBE 9 Pareto SR, B 0 R 38 4 % B ARIE B AL ARAE tH SRR AEAT IR R R i HAL AR B U AR R IR B KRR
FEEMER, RS HLRETLIBAK.HHEN AN BRTE 1 5 A% R Pareto BRE.BEH N4 LR
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N3,3: B N1 518 N2, 8E,N2 0 N3 B ELEER A B R

Nondominated Parato dominant

B

Fig.1 Illustration of the dominating relationships using graph

1 FABERFIHERSRXROTEE

22 .sﬂmaqzsm
B AR RNERBOFAVDENLBEFEREHANEME:(Q) LABBRUEXRQ) ITEHK

A BRRLARTFLENXR.
X 1A E 4 RITBE S — SHAHT Pareto HRII MR SOP PR X RE —HIATHEENTRRE
B RMNA%BETHES),MOP THRKXR R =K, T LAEX W TF:

ENX 3. Better SR ¥
1, F(x)<F(x,)

Berter(x),x,) =42, F(x,)<F(x,) )
0, Nondominated
Better B3 2 X T MOP HEHI%Z.E 1 45 A1 Better XRLEK 1.

Table 1 The Better relationships among nodes in Fig.1

#*1 1 45 A H Better X &R

N1 N2 N3 N4 N5
N 0 1 0 0
N2 2 0 2 2 0
N3 0 1 0 2 0
N4 0 1 1 0 1
N5 0 0 0 2 0
253 5347 R B, Better B 3H 0 F ¥ E:

4R 2. If Better(x,,x2)=1,then Better(x.x1)=2.If Better(x,x;)=2,then Better(x,.x)=1.If Better(x;x;)=0,then

Better(x,,x,)=0.

Y5 3. If Better(x, x;)=1,Better(x,,x3)=,then Better(x, x3)=1.

4R 4. If Better(x,,x;)=1,Better(x,x1)=0,then Better(x, x3)#2.

PR 785 W R BT CA B AT P b 7 B3 2 43 OE B X e itk SR T DA > R R L L HE IR 2 RBR T Pareto
ARH R R X, Fx, FIRRRE T xRl xy (KR, B x, M x, BIHOBEAT LU BS M 3 RBX T Pareto {0
BIAEB B Bt x) F x; ECEOT LA RS MR 4 EL RS R P R A K.

ST 2 AN R, B B — AR i, LA 5 3R B Pareto B 042, T ELE 48 A /b e e ix Ay 85
RZEWHE TEME&M:Q) Pareto BRREFEANKRUARFUEALRIBMRL 5, BMALAE
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SPERMERAE-ITXRRBUER—MALER;Q) —EHhHERESPERH ML RERHBPXR, FUIXLLE
AREERR.LT 7, — iR IX e 44 8 2 - XWX RE 1 hE AKX R mE 2 iR, Pareto &R
MEEN (NI NG EEXRBEAH AR B NR X RS B W] LA S AFEROX R FAERHEDSH
LB IX AR AN R4 G B — UM, B B, BATIHR 2 b o7 R34 (dominating tree, i FK DT), —BR LW AT LA F 52 X:

ENX 4. HER:— SRR ST = XU

1) —BRERHEAR—ANIBE Rk E R —MEEFFR - XN A4S ALK B R Z 30N 4 5 &
FRETH;

Q) SR RE— 5 AE 4 M :id,count,left-link,right-link,3X B :id £ 774 R BT R K& count TR
EFHPIRDERTE B &) left-link I8RZETFH,Z TR RS RB%4E A SR, right-link FRRA FH,ZFR%
WG RNESE R LB

A, AR TR IR AR A S SR UUE 2 BB N1 R N4 B DT LA 88 R4 X
£ N4, B N3 F NS thHpe T 8. & A i X5 = X ZE 349 (binary search tree,f8 ¥% BST)AR4EL. 20 R B A7)
B ERXRARTF BST PRDFRRHFAIELKXR N T BST PRIKFXRERDT AR T BST{EE,BST
PLERRXRR MDA TRRTRRERDT PRXRRE=MEE:0,1,7 2.Hl, SRR P HELES BST £
MUK EH B R FER.

Fig.2 Illustration of the dominating relationships with tree
2 AMERE 1 PERXRNREE

23 SUEBHIENE

BA SmmaEd s - XERMme R R LB, SRR EEt R —FiB B 5 BST
AR, AMHERIEAR DT PH I WU LUFLERBERE RSN, CEBAIRE RNETH X5 BSTH
BT RBHEL LS AR S R EE RN, EHEEAZIRE RPE FRD,IXE BST FRRTRREML
B2, 2 4 R IR G R B AR 4,045 R L S P A 45 RA TR S B 4 R4, 4 AU
ARG ROALE RS SBRACRETH, AN ZESEN LA ETH RS SHBR MRS REHE RS
DMK L e N 2 ML S5 BE P BB R B IR BT 4 R T .

W 3 PR, E B8R T B 250 SR R AI B (4 A BT ZE 1 O30T R 45 R i, A T 93T R B B count.
Bl %7 8 F). 4 KB AT B2 N1,N2,N3,N4 T NS X 45 i BB b 0 25 3R 5 5 B 3(a)~B 3(e)FTR.5
MERBENE, G RHWE 3()F AR E, 5 RMENFEE,E A N4 ) count X T N1 8 count 5.4 T F
X W N4 R ETFRIEE SRR LS, B 3O R XN BB BH RS KRN X R E DR 5K
WEMTE.E 2 ME 3ONER—HFTEN SRR ESRRZEREN. MR -G RITERHAHNE
2 TG TR K SRt R A 5 RO EE 3.1°49). DR 0 B R St 8 1 (A O FR R L 7, 45 A
BR RARFEFEST b B, R AT I8 oy R4 B s B o) i &7 A HE P B
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Fig.3 Illustration of the creating process of the tree in Fig.2
B3 E2FRNeRLE

EFLEERSH,BRNE SRR S EE ConstructTree REIBARBHEIIR.EEPH 3 MK
¥i:AddinTree W AddinSibling FoR T —NE4 SIBAE SRR T 5012445 A count 23 BalanceTree
FREL AERENEBRTE ANERSRNERELBH,XHER SRR EMPE X —HERIFAT
Pareto &5 4R BIHE R, D> T MEZ R EEER. .

k1. SRWEHREE
/* Creating a dominating tree. tree is the root of the whole tree. */
Input: all nodes in the population.
Output: the dominating tree.
Link ConstructTree(){
For each node (newnode) in the population
AddinTree(tree,newnode),
return tree;

}

/* Add newnode into the left subtree of the tree whose root node is root when newnode is dominated by root. */
AddinTree(Link root,Link newnode){ '
root—>count=root—>count+newnode—>count,
if (root—>left-link==null)
then root—>lefi-link=newnode;
else AddinSibling(root,root—>left-link,newnode);
}

* Newnode is compared with child whose parent node is parent when newnode is inserted into parent’s left
subtree.*/
AddinSibling(Link parent,Link child,Link newnode){
switch (Better(newnode,child))
case 0: //nondominated
if (child—>right-link==null)
then child->right-link=newnode;
else AddinSibling(parent,child—>right-link,newnode);
case 1: //dominating
newnode takes the place of child;
AddinTree(newnode,child);
while there exists a pnode (a node in the newnode’s sibling chain) and Better(newnode,pnode)=1,
do {
delete pnode from the sibling chain;
AddinTree(newnode,pnode);
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}

BalanceTree(parent,newnode,L);
case 2: //dominated
AddinTree(child,newnode);
BalanceTree(parent,child,L);

}

/* Sort the sibling chain of the parent’s left subtree in their count descending order. If the count of movenode (a
node in the sibling chain) increases, it moves along the sibling chain in the left direction, or else in the right
direction */

BalanceTree(Link parent,Link movenode,int direction){
if (direction=—=L)

while the count of movenode is larger than that of its left - nodes which is also in the same sibling chain;
do movenode with its left subtree moves along the sibling chain in the left direction.
if (direction=—=R) .
while the count of movenode is smaller than that of its right nodes which is in the same sibling chain;
do movenode with its left subtree moves along the sibling chain in the right direction.

}
24 SRR

MR i Bt AR AT DA B AR B — S E L ,

BT 1. (R RIS A ST 36 B R R SN BT 1K) Pareto BIRS A.

BRMBRAE-NEACEBABRERMEXN n NG AT BRERLME S UMHEFEEN T4
/5 pnode B 3 FHAT B0 R pnode BIRL: AR, W E WA BIMR L AR ZE TR pnode 51 &5 ML,
WS RE IR AR B L 3 B P IR LA 4 AR AT LB N R BB — MRS R B RBERARE 1 45
R S ETHRLBENTRATBEPH—NEAWE pnode IR S IR G AN %M 5L 35 8 B ER; Xt
F sk P A g A, 0 BB A1 pnode 48, B AT R 1% M ST R P MR R 0L i PR R B, LR BE R AR
BHANBRG &.

EE 2. HSRMHBRESASREETFRHITES A,

ETE 3. HIRBHR S A count fi HLEL 5L B P H AR L A count HE XK.

SEF 2 MFHAAEE 1 RLeE 3 HHEEEHAASBI A TRBRE ENEE €2 1 NEH2 L
RN EEX R, T 3 FAE T G R RN . 244 AEN R BR300 ) & R B S5 i 1 RE.

3 BETLAMZ BfRENEZ
ARAE o PR O, BATT AT LR — AN B RS B B ARG AL SR

3.1 RKERR

DTEA [I#93Kk 5008 2RI U R0, EWIK B2 4 K B E 4 RE X WA RK count HIK &AM K ZZH
g5 RIEEE 3 BES A RE S UM KRN 4 S 5, E 30T RBES SR NXHNRAFEELE
i, B8 B ZE T 45 AU B UM R g — e R . T A KRB M RO K AWK — MR
BEAEEEMRE. BE. 5 —HE KRR RETEHANE SRENPRESEKHMRKEA.

3% 2. WKSHBR IS .

/* Delete the worst node of the dominating tree */

Input: the dominating tree

Output: the worst node

Link Delete WorstNode(Link root){
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Link p=root—>left-link;

root—>count--;

if (p—>left-link == null)
root—>left-link = p—>right-link;
return p;

else
return DeleteWorst(roof);

}
' Link DeleteWorst(Link root){

Link p=root—>left-link;

Link g=p—>left-link;

p—>count--;

if (g—>left-link==null)
p—>left-link=q—>right-link;

else
g=DeleteWorst(p);
BalanceTree(root,p,R);
return g;

}
WA AREF TRHRERNSHEE. —MFEX comt BN RE®RE AR ZRFRESSBEEL K

AR, B AR 2% ) L T 0 45 A E SR, BRI O, K e 5 S N T KO SR B MUK K B K count (I o
BN A B EE NS RER R S S X B SEmYSths it B2 RXFEK
MU B 45 A E A A M A A, T L3R SR BB AR AT AL B b, S RINZE count BAHRAE T HESR
.25 AU count SRR, BT o 4RI 22 8] BL I ) RORR A R ATTHE R B, 2 TR AR R IE LU B BRI R
RRBHPHE 1| MK BAERTERIGREMBESEENERT AREL EMBOEEHIR
ELRBELTE—A.

32 BN

YR & AR R OK S, BATT T LA%R B DTEA #ik.

DTEA ##EREd RGP Bkl RRESTHAE):

Step 1. Randomly create P(0) with population size N. Set counter =0.

Step 2. Creating a dominating tree using the construction algorithm.

Step 3. If stopping criterion is satisfied, then stop.

Step 4. Generate an offspring and insert it into the dominating tree.

Step 5. Eliminate a worst individual from the dominating tree.

Step 6. t:=t+1, then turn to Step 3.

B RN — MIA ALK N A N IR EE P(0).e RIZ1TAML B R BRE N 0 X ARG &
PRELHE = —A A ZERE ALY B, BT P A 5 AR N B o B o B MUK B A N o R A R R aX AN i
B—HES HIEH A EN L ESEER TURMAEHEERET=EFTRER A mETLRT
BRI SBX T RE AL NALET 8- RETEXRFEEETMMERRBHETER) ERETH
E—REEEFREABETHEA S SN b, 3R F o R RA BB EA 4.

DTEA B—AHFHNE Hin L8, R >R 2 BirSH LB PR AR R, LUE,RE MOEA
ERERERRES AT IER TARK T &5, X ERHERE R HR,DTEA TERAHERRND RS
B4 D GNP XEAURE T B SRR R, T H BRREF T #8EK % ¥ #£.B 35, DTEA t/E £ MOEA #
8. DTEA B—MBENEE B —RRZ SRk — MRS Mg R T2 RN — B R —
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MFRE BT RN MR PR ENRT SRR L E R — RN %, — & MOEA ZE LI 8 Pl ik i
B AR L) 35 (5 78 4B L UK B8 G 2 S W R 2 T SR AR W dX A i B 8,4 R, AR ik 08 i T i 00 0 2 (] AT R 9
£ DTEA B4 F SN AR SE I T R TR SRR ‘ ‘

A% F MOEA(W SPEA2 # NSGA-INKEREIRIR A HE B, EWFM — MM EMERNEBESHES
RISLAR BT AR AT O, BRI, VR A — N AME B B BOR B N-1(V b FrBERLAE).7E DTEA $,iF i — A 1MER
FTEHBLBABWEH P EBERT HBRERZ/NT N .10 BLE S SIE(Y DTEA TS REBIKE
BB, MK — A B EAMME R R BB /N T N [,TH % MOEA F L HEMERIRE R oW — A&
=)BLH L, DTEA EHR%E MOEA #MER LK MBIFTX—A.DTEA PHHT SRHEH, CHER B IHE
& O(N).18 % MOEA #4714 E 7784 2 (elite archive), LRI BE 2 OWN).HE DTEA HBEFRES
RITEfE 2= A, )

5 DTEA 44 PAES th £ 07 4 FMMIBE — AN 4 A PAES B(1+ DR BHLER, EARA T RBBERHE T
EREMB AHFCLRIANERIFNECIPAES RERATERETF. AR AERANERETEANBRELHE T
#BTTLIZE DTEA BERN T RIFF B Z FEE PAES AT BN K 75,82 DTEA PRAEETIHRES
BEVE RO SERE MOEA B T 04t — LR B AT 45 #. Mostaghim FIF T Quad-tree X4 35 FI 304 45 My 4R
FEBAR AU, L5 SEBDBE KN A 32 BR IR Fieldsend ¥ # T dominated/nondominated tree F - Hi& M & 2 48
FfF. SRR 5 AR S SR RK:— T E, SN 5 T EE 2 A RN RE S #; 5 —HE, B0
Mo ABEEARAR. SENE—MFHNENERRTE, CFEEREHEN 546 E.HL dominated/
nondominated tree 1 Quad-tree R THEEM B KA AR KRGS R HERE.

4 TWHiTE

h TR TR YK DTEA, BATHA DTEA 5 HMbFA % 4 i) MOEAs-SPEA2 1 NSGA-II-F#E 88 S Ak B
FEARYE SCRR[1,2) R C 5 R ETH LRIEITHE 3GHz 512M WFEEST Windows 2000 [ Pentium IV #l
E-

BH)§ DTEA ELFIA—&% MR R R RER R ATE S HA—% MOBA #EHE M LR RN %
HHERBEERATHE, I X K4 B AR T RPN S22 AP RATEM 3 4 BRRKR R RS+
B 3 MEEEN 3 ANFEHAT R SRR ATIG . RGBSR NS 1T R IX 2008 ik B A S iy — 2
EEHAXERHNRGEEAR 2ELR T FMREHH 30 KGR ERE RF LML RBRAEE
3 30 WH BB, TR HAIHE KRET KRR IS I N BLSE R XM B EFRD E M
PLEER R W, 0 4 R IL B EME N R FE 358G 4 R % AR AT i 2170 18] &SP 1) iz 47 i 1A].

%f SPEA2 FINSGA-ILEA 1B P B I S H R E ;X DTEA, B ERANSHTERE AT AP
X 3 AN EAER A T B = #4243 (simulated binary crossover, & #% SBX)H1 % I .28 & # F(polynomial
mutation)''81 F B K/ R 10005 2EF0 B K/ & 100.7E QV M KUR .8 FHI 2 KR E 3 7.-20 M7,=20;% Fofh
o B E h 7.~15 F7,=20.4E QV M KUR 1,4 ME R 09,7 DTLZ1~DTLZA, %% 1.3 FiH MRRR K,
RRBEN Unn ARFZEBHNMBBIFANMENE B REWT:QV 1 KUR X 15 000;DTLZ1 1 DTLZ2 X
30 000;DTLZ3 4 50 000;DTLZ4 % 20 000.SPEA2 A1 NSGA-II KB 1T A0 VEM AN A B0 %0 B B LRI EE A R
X SBX #F— K= MR FHAANME, 57 UL DTEA KEITARBCHIERMER R BB UL 2. .

AR T HBEANE AR R RNFA CX,NEREBFNBRABERENAHBEE.CX =1 XK
Y BT ARER R X PR & 0 AR R, C(X, Y)=0 TR ¥ SR MR X R BOAR 5 R R B, C(X DA CY X%
BRERPFNY CYXOHA—BET 1-CXV).ARR TRENIHEED, —MINS BB LB A8E 0.
XEAVESBRAE RS T B AR AT 00, BN — SRR LR T R R, I B T AN A R4 B AR .
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Table 2 Test problems used in the study
£2 LRAUARY

Problem n Domain ) Objective functions Comments

1 025
- fix)= (;Zl. (x2 —10cos(2mx,) + 10))

2 objectives

QV 100 [-5,5] nonconvex

025
()= G 3" (3, ~1.5)? ~10cos(2x(z, ~1.5)) + 10))

£x)=3""(~10exp| - 0.2‘/,\:,.2 +x2 ‘2 objectives
KURM 3 [ssp Lo ( ') nonconvex
L@ =2 (% [** +5sinx]) disconnected
fix)= %x,xz(l +g(xy))
1
7 ” fi(x)==x (1=, )(1+g(x,)) 3 objectives
DTLZI!™ (0,1} f hyper-plane
fi(x)= '5(1 -x )1 +g(xy))
g(x,)=100( x,, | +Z,IE,M ((x, - 0.5)" - cos(20x(x, —0.5))))
£,(x) =1+ g(x,,))cos(x,x/ 2)cos(x,n/2)
., £,(x)=(1+g(x,,))cos(x,x/2)sin(x,n/2) 3 objectives
DTLZ2™ 12 [OII" £ ()= (14 g(x, )sin(xx/2) spherical
g(xM) = leem (x; — 0.5)%
£,(x) =1+ g(x,,))cos(x,x/2)cos(x,n/2)
i (%) = 1+ g(x,, ) cos(x,x/ 2)sin(x,x/ 2) 3 objectives
DTLZE™ 7 IOIF 1 (2= (L4 gy Dsinxin/2). spherical

8(x,)=100( x,, | +Z,,E,M ((x; -0.5)* —cos(20n(x, —0.5))))

£, =(1+g(x,)) cos(x;®xn/ 2) cos(x;x/ 2)

() =(1+g(x,,))cos(x{x/ 2)sin(x;"x/ 2) 3 objectives
£(x) =1+ g(x,,))sin(x"n/2) spherical

glx,)= leem (x, -0.5)*

% 3 BRT 3 AEERESENESENIRE C BB S R(D KRR DTEA;S R SPEAZN R
NSGA-II). % #3A &% QV 1 KUR,DTEA 1R 9] B H1 5 35 AT 4 {B2,% DTLZ1 R ¥ DTEA B4 Rz KA
B8, T 1 BRAR 24 4R B B X e A R T 5, ZE R AR AT YR RO 4 88 | DTEA A8 EE AR B HERRA 32
& 1.

pTLZ4™ 12 [01T

Table 3 Convergence comparison of different algorithms using C
£3 FRAEEAHCLEBEMWNERNSR

Qv KUR DTLZ1 DTLZ2 DTLZ3 DTLZ4

CcD,S) 1 0.592 0.016 0.089 0.019 0.158
C(D.N) 1 0.553 0.006 0.118 0.019 0.078
CS.D) 0 0.004 0.708 0.101 0.060 0.181
C(N,D) 0 0.004 0.572 0.081 0.056 0.192

% 4 BRHR 3 MEER A S HETEMIF RSB LR R ARG SHHATE BT KURDTEA 4
B SCAR A vk 25 00 4 SR B R DTEA P UM ME R A 20K, B RIE T MBS FEE. 28 3.1 Wh B 2R3
4 E A (4 R TR LU (BT, o R R B — N LB A SRR BAF), DTEA IR R B R BRI H 2
BP0 VR B2, DTEA B S5 MEE - HRTHRRETHBS T BHRNE—FHFT LRGSR LR
SeR4 BT, TOHTF A M 3E AR R —ACHE R B oy R4 0 5T 36 B AR 3R, Bk, B BR O 45 R R LBV SS
B R— L, BF A R AR T S B R A — A A X ANBA T R T — 4R A AR B, A SR
KERS o 1A R A BT,
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Table 4 Distribution comparison of different algorithms using A

K4 FRAHEEHHMBBNBHELRER

Qv KUR DTLZ1 DTLZ2 DTLZ3 DTLZ4
DTEA 0.003 0.041 0.137 0.235 0.249 0.287
SPEA2 - 0.004 0.014 0.116 0.246 0.268 0.253
NSGA-II 0.004 0.015 0.130 0.233 0.253 0.284

® 5 BRTX 3 MEEIZITH [E.DTEA ST YRR 9 S0 T IAMB R HIE B2 NSGA-II F & H
THEMBBEGTEERREE S RHEEFEEIINSGA-I R BRT SPEA2. LR ER B, b B H sk
AR T & RAE TR R

Table 5 Comparison of different algorithms on running time _  (ms)
£S5 ARIFEEIEITHE (&)
Qv KUR DTLZI DTLZ2 DTLZ3 DTLZ4
DTEA 955 236 619 1083 1105 720
SPEA2 4237 3095 10 333 10 630 17 611 8339
NSGA-II 1642 772 2 039 2 553 3 502 1753

Eid B Kot l:ts‘z,wr]?;‘im:z{ﬁiﬁﬁ’dtﬁﬂéﬁﬁﬁﬁéﬁﬁ%ﬁtﬁ?‘ifﬁ,DTEA 5 SPEA2 # NSGA-II
HERBEES NN EIREETNEFE, ELANFHEEERB L B, SRMR—FERNENE
WA, ET A IH K@K R EERSRE T RN E .

5 R &

BT BB R Hirt b iE B R #T B RNA N L ER BB BHEM LRI R M R ERER
A SHXFME B, A IR — M F % His L H ——DTEADTEA AIUABMEFER (1) (A T Better BRH
(—A 3 ERFHLBMNEFINQ) RE T SAHXHERESHATREBZANSRELIFEEETERERF
BEXFAERERET Pareto GMHIMERFREERD T MEZ K EE;(3) BT o R4 ¥ Uk 5REE, 7T LA
REEFSRMRE R LY DTEA BRI R RS 3 SRR & Fit,DTEA HIREH %
1 . R N H R RS DTEA A B B MBS MO RER TR B LR LR, RITRH L6
3% ¥ b DTEA Bi78 T 55 NSGA-II Al SPEA2 AR th {4 841 4 AR (2 &, DTEA LLEMNERBE.
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