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Abstract: The difficulty of current multi-objective optimization community lies in the large number of objectives.
Lacking enough selection pressure toward the Pareto front, classical algorithms are greatly restrained. In this paper,
preference rank immune memory clone selection algorithm (PISA) is proposed to solve the problem of
multi-objective optimization with a large number of objectives. The nondominated antibodies are proportionally
cloned by their preference ranks, which are defined by their preference information. It is beneficial to increase
selection pressure and speed up convergence to the true Pareto-optimal front. Solutions used to approximate the
Pareto front can be reduced by preference information. Because only nondominated antibodies are selected to
operate, the time complexity of the algorithm can be reduced. Besides, an immune memory population is kept to
preserve the nondominated antibodies and & dominance is employed to maintain the diversity of the immune
memory population. Tested in several multi-objective problems with 2 objectives and DTLZ2 and DTLZ3 as high as
8 objectives, PISA is experimentally effective.

Key words: artificial immune system; preference multi-objective optimization; preference rank; & dominance
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W F R IEARET S B ARRAL GG Rk R 15

R X BAFRRIFITICARAT B 0G B M TR R A AT 2 BAFNRT S BAFR AR ZHE 8 B A7)
DTLZ2 #= DTLZ3 F#,3% F i RAF T — 209 LR,

KEER: AT R ARG S B ARRAL, RAT 5 S e X e

PEESES: TP301 XEKARIRED: A

S AL i) 8 TR ST e AR 24T 0 v S B ) R 22—, v, H R bR EGER I — A I B S R A Ak 3
AL ) JE AR O % B FR AL i) 3 (multi-objective optimization problems, [ #RMOPs).ie 4 4 11, 40 5k B 4
JSCTh M B 2 H AR A AT AR B SCRR[1,2], 356 2 B ARV R R B4 D1 T AR, — L AR M 5
T2 O T R TR S LU LA, 4k AR AL (H AR EOR T 3) I 902 244 22 H b Ak A5 h 1
S Y AR U S 502 [ 850 P S s 7 T B A E BRI 3G 0, B T ParetoSZ T I AE 32 G AR SR 38 N, 28 o BV 1)
P& 5 ) TGH D B A REWCSI A T Paretosse UL BT T 75 10 Af A1 52 48 2088 0 AR % SCHR[1],9 0l 38 38 190 O 47
5 S I N IR BT 5T — NS AR e i 4 22 B AR AR ) ) 0 50 5 1, T X 4R e 1) 2 B AR AT A ) 0 FR H:
VoKL SEAER X R

N T %% & %i(artificial immune system, fij FRAIS)E 52 %5 5% 8 R AL S Thfe . i BRI B Sk figt v 53
F ) R A Y RGN T R0 T 00 R Rk O e ol i P T B R i B R A E) i
W0 ARG 00 T 45 A s 40k B TN T A RS 2 H AR AL SR AR A 4k 32 T K. Yoo Al Hajelafis FH #t
AR I E AR MR 2 e B LA L2 AT 5 B v e R /B D). Coello Coello5 2% ¥ fr LR Y T JE T o B3 ¥ 10 £ H
PR SIEMISA)!. Cutello % 24 # $E H T %P Paretof7 R4 1E 14 HE I 571 (1-PAES)! . Jiao %% 2% 24 {5 % o e vk 4%
UL S PRI S HLEE AR T S 32 H AR AL S 2:IDCMA) . Gong %5 2 4 42 T JF S L 48 Bk i 7
P s 22 H bR LA VR (NNTA) L3 86 5355 (1) Bl B 18 FH 38 WA RN T 48 SR Gk it v 22 H bR AR AR 1) 780 ]
AT BB JX Ay = BLE S H AR 2~3 4B 2 H bR Ak 10 780, 5020 90 K 3 e 24 H BR AL A 1) 7.

G545 o I UL 5 D BIRTT 3 1202 2% L AR SR il v 22 H AR Ak e LR T H bR 4E B 1 2 H FR AL In) R
PR T — By ik —— 1 G S G e B 0 A7 v [ 3 $E BV (preference rank immune memory clone selection
algorithm, fi] FRPISA) MR vl 5 25 1) 115 5L, D0 SO0 A4 23 I O 01 55 2, 0E A7 66 T - 55 M1 1) L 491 e o
SR s 1o 4 DX 38K, O 4 55 0 o (R 0 AR 1) T R IR AH 22 [ U B 800, 1 DR AR T 8 88 T g AR e A5 SR D 4 4 ik
i T1-Pareto T Y BT i I 044, 28 20 B oA ste in AR s e A0, 0 T AR IE BT AR I 2 e @ 3 T 2 SR B BT L
Tl R A1 T AP R S 6 45 S 26 W, 38 0 T 25 2 1) 4 28 e A2 o 9 3 R ATL T B 0% o 3k B vk PR WAL SRR R B TR
%A S B S U 2~8 H AR Z H B AR AL ] L PISAZR B HH — 52 1t 3.

1 EEENX

1.1 % BfriiLiEREE X
ikt 2 B s A ) R TR R 2 B AR TP 5 N T3 58 BB — AN R n /N s A8 i mAS H bR AL 11
%% H bRl Ak 1) TR 34
min Y =F(x)=(f(X), {00, (%))
st g,(X)<0 i=12..q (1)
h()=0 j=L12,..,p
X=X X € X R A 1 A58 09 X 1) 5825 5 y=( oY) € YR™FR L 122, Sy e 1)
b (). H AR B EF ) 8 ST FR ke 552 8] 1] A 2 1) 1) ST 1R 5,900 78 ST g AN SR LA h (e T p A5
LI TEN Lg% RS0 0 — Mo 48 Il R 6240 o e R A 8 LA T R30I A3 2 figk . A SC o Bt SR 4 s LA i A
SR (1) I BR B3, BT P 55 25 () X AP (10 R 38 1) 22, 2 I A (1) P i 2o fi
E X LA AT I i), b T A Pk xeX, Rk 2 (D) 1925 R & T g;(0)<0(i=1,2,...,q)
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hy () =0(j=12,...,p), FRXCH AT AT SRAT A o XEP B0 T A AR AT AT Sk 04 20 R PR 4 & Bk AT BB AR SR & e
XpH X, X.
E X 2(ParetoX BiL). ik x,,xg € X A& (DA TTAT TR, TR XA Pareto S Aitxg, ™ HAL Y
Vi=12,..m fi(X)< fi(xg)ATj=12,..m, f;(X,) < f;(Xp) 2)
WE X, = Xg HRN x, SCHL X -
FEX 3(ParetoRMUHTIARFIEE). — MNP e X Bk Paretofm UL HL A4 (B Ak S B Hi4A), 24 ELAN 243 2 4%
fF:—3x e X, 1 - X" Pareto SALHAFI BRI Pareto B ALHUIAIISE A E XN P = {x | -3x e X, 1 x>~ x*} .
EX A(eXZB). I Xu, X5 € X RIS WAT BB TAR, 25 5E 0] 7 >0, Fixa e Biixs, 1 B A Y:
Vi=1,2,...m, f,(X)—& < f,(Xg) 3)
A fE X, =, Xg -
EIE L R X, X € X H X0 = X5, 0 X, =, Xg
W S 2 AL IR X = X JUE Wi =1,2,,m, (%) < fi(Xp) A Ti = 1,2,m, £5(X,) < F;(Xg) JTLL 4T
TAERE 0,4 f,(X,) —& < f(Xg) AR G)or. a2 # 1 F5HIE. O
EIE 2. B x,, x5 € X, H X, =, Xg , 00 X, = xg KRR
U BA A T E I A% 08 AN IUBI R IE B . 4 £.(x,) = f,(Xg) +0.5¢,,i =1,2,...,m B %A K(3), L {15 2
0.5 < &,i =1,2,....m , Bl X} F AT AT &0, %5 3 3) 16 B 7, BN A X, =, Xg . (H A, FBRi(x) RN 22K (2), 1k i 13 2
Vi=12,..m¢g <0ATj=12,..,me <0,5 5 &0 T )5, LLE X Q)AL B i x, =, xg Tk H
Xp > Xg - U
HEH 1 FER 2 715, &3 i J& Pareto 32T A A S 20 R4 R 4 i 2 &,i=1,2,...,m. 85 A 1K B R S RCATL i,
7 ParetoC L T4 T FFBEAT S TC, B 45 DU IR B A v — AN ity £, B4 St A £ 4 B T 044 (4 L 26 A 2 T,
PR BT A H bR IR sty 528 Jl— A 2 (R A, BE AN B A% 9 R R — DN PR AR, 2 RIS IN BR . &3 e ML
TV A A 2 — R 2 1) 22 RV (R e, ) 2 N T 22 H bt Ak A o).
1.2 RIFRARED
Jaszkiewicz 5 2 5 H& H T 5 Z% 100 Ja 36 g 4 9% R A8 7R U7 A i B0 oy 35 B e 555 3 45 B RE 4 £ (aspiration
point) . % 1k # (reservation point) . g Z= ) B {H ) &=
(indifference threshold) « f 4f B { 7] & (preference
threshold). 75 ¥ & |7 & (veto threshold). A 3C % JH ) 4L 1)
SRt o AR G0 1 R (id TS S L R 00
A AT A S BPUAR IAHUAAAL T0 4F 77 17 024 i

1 T T -
Reservation point /

08¢ Pareto-Optimal front

06 Dir‘e,cti'dn of preference

K e R Parcto R (L AT HOAE ALVI IV A7 FI 7 B8 5 7 e
4 1 B A R A Sk SR B A R R
oz_T | S A I L 6 BRI /(A 28 T BLEHROK T
v T 8 0 2,355 LT L i 20 B A 1 0 24
o L Asiraion pine , L USSR A RN 18 A A M7 D, B D 7 16D B

0 0.2 0.4 ‘ 0.6 0.8 U Yy =l S AR A PR Ay o i e A8, L R A o T T4, o T 4

Fig.1 AT LA R T 2 At 0 4 2 75 A R S A5 2R R )

'1 BT R 28 20T LASRER o [R] i 44c: o

EX SR AR). Bk x, e X, AX(DFTR

% H AR i) BT B ATAT U, F(X,) = [ £,(X),. T (X,)] 245 7 B LA 218 1 1§ aspiration point), F(X,) =
[£10¢)sens T (%) ] 4R SE 22 1E AT (B 1 TP reservation point), i a2 f(x.) > f,x,, j =1,2,...m JUA R & X:
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I 1
d =max {4, ( ;(x,) - fj<xv))}+p;( f0a - f,00)) . 4 -t @)

Ferp, oA RS /NI IE SEHHR 10705068 T 24 A 0 A A =l S e B, 3 3ok 25 2 (4 19 AR 7] B 1) 9k 5 5, T LA
FIHE 2w UT 77 M (B 1 [ direction of preference) () & (B d,dfE fe /N TR HZE H R BU k(B 1 ¥imiddle
point). ) HI v [B] A T LA e SR 55 20 I fF G FRABEAY.

FEX 6(0utrankk ZRE). R x,, xc € X A (DI ) K 95 S A AT P xe =& R U, I Hoxaflixe
BN SRS 5 WU Ay il 55 x4 FAN M my (X, X ) =0, M, (X, Xc ) IR SCAF

m, (X,, Xc) = card {j :‘ fi(Xa) - fj(xc)‘ 2V, j= 1,...,m} %)

B card R824 (K 35 my 2 F8 T I X 1K) B A o6 022 (8 IR 48550 5 R Tvi /N4 5 N (5) e B S 0 R
] DL Sk i B A xS 1A T B B B0 TR e 2 DX 3 P G xS ) T A — AR SR S L I Bxa S xc M
FI b bR B AEAN KT AR H AR 10 75 e B R, BRIVl 2 S5 NS ISR B I3 0, xa il 55 Zoxc. B 1 ik 173 2
S8R F BT I PR S AT middle pointsg P [ BT A&, Fo At UL R P8 24 b &5 1K) oA by 8 55 2 b () o4k vl LA 36
JE SR 0GR YU T 1 DX IR A, 9 FLIX 84044 T BA45 ok ik V- Pareto i ¥8 ST IR 4 B, 24 H AR 4E B0 KB,
7 R Y TR, IO T AR e B AR A UK K 22 B b Il R A A .

2 RIFERGRZICICREERFR L

2.1 wmiFE Bk

FERE AL TR R I AT 5 5 2 R 556 A2 B 2CRUS 36 Im T 5 56 47 2 48, Je 8 R A5 3 — 1R AR R He ik 4
RO P, 2 BO AL 2 AR AL SR TG 5 47 0, i NS GA-TIH SPEA2 120 PES A-TTPN A7 1. X i #F S 45,
FR A e 5 o B AL 1 O 415 R TEAS (R 48 R B B I % 1R DL e S R I 72 € A b 1 T 90 48 T 5 4k 4 1) S ik
BT S 0 Al U A2 Fig v 55 T 4 O A S, T e SR R 0 D A B O N R R B S R B — A
S HROAN T A  A JE TRD AR AR SCOIE A 1) B i 2 55 2 1) S 98 A2 e e 3 8 Vgl 2 i T S 50l 4715 R K 6
15,0 TAT L7 8, B4 5 Im i 2 H AR AL TR R N m i 22 H AR AL AR iT 2 H ARDC AL B8 3E & T S b T2 N 76
SE B CRE R AR AR W LA B S (PSR ) B — S8 445 S AR I 2 e 445 R, 1T DU RO AR, W A v 5 R
U5 Shaw Al Fleming3tt F br {5 Jo I A B 5 43 B, BEvE 36T H AR 25 (0 47 22 H A Ak, 5 T 26 72 8 FZ 1)
751122) Pierro 2 5 FH i 4 A JE R IX 40 AN ) AN 42 HE 1 0 4 YRR WL 5T 1 38 0 8 O Il S LR 22
H ks k2. Cvetkovié M ParmeeiF 5% T 44T 41 AN [7) ) 52 1 i 4 O 28 52 8 10 5 18 78 SR AS [ 1) I AR AL A 26
58 Pk R Jaszkiewics Ml Slowinskifi H T 36 TG A% 2 (M 4 2 H AR 41 & U 035,08 ST 524 1 i i 2
FAGI N g A P 06 2 FRR B ) 2 A S B U Deb MK umardi T 38 0 #5610 S L HE R 2
H bR A0 S35 N F 1R M 4 22 H b At i) S I0AT 10 O i 22 1 A 59 22 SR RTINS 19 588 8 o B 1 0 AN 4
FI 3 I 33K 2 AR A U L 1 38— AN A i s S A, AN R T e SR i

ST U A5 SR PR P 2 S o I Y+, 2 AR v St SR8 AL 1) K2 o 2B SRR A S ) 80 11— 52 50 360 B MR Ay 32 1)
R R BT Hh T A B 75 1 e SR A 100 S o i 4 A A SR EAB 5 P X, MR 0 T % 2 1 A 2 £ R SR 9 4 1%
FIPEBE, W SCHR[ 1SR FAC 46 A . 2% 1k s R e ) A g D 674 L.

22 RIFERHEX

2 H AR LA 7 ) A 4 B0 K I, LT Pareto 32 IC 11 31 S IC AB R 38 0, A0 E b LT BT A I AR S AN

SO AE SR BRI, JL T BT AT (0 AR #4082 ST 55 1), T ¥k 32k 36 HE e O e, B SRV A BB e 83 T Mt ke 3 1) R

ARICGINT i 4 285 2 A B xe e P AR X (4) 3R 45 AR I S IE 304 0 v 1) 04 6 224 i R S B AR SR P b AR AT:
PR &, H A IS5 A LR

deg=nmx0ﬁ(m)—f#&ﬂ}j=lwwm (6)
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L5 (6) 78 SCI i 1eF 55 4 vT LA S e i oA 8 b Tl i s i AR AL B 1, — AN Adxa 2 E] Bt 44 (middle
point) AT, WS B 10 it 2 S5 0 AL /0N A R M, 8 v T e A, i 2 45 0 AR08 K WL o T Lk B 4k 4 B 7 A
(9 O 5 5% 2 , T A0 A2 0, FR % 22 25 0, T LA Al S B0 A 7 s b DX 20 TR R, 7 R T BT AR IR 3 8 53 — D T D - IXC
B A B A B R S BB, A R T AR AR P R A R 0 X, 92D Pareto i VA IR 28 X 4. 9 AL, T ST
A (R T T 25 2 (1 o o S T LA g A5 A R R BT A A9 43 i S 22 A T R, B SR e 8 I S Ak i
SIOH e T BEVE R LR T 45 T8 2 I 5 1) 9 I B, — AN A B0 A GF A5 A R BT i A T )T I B D R A
ZiH.

2.3 RIFERERICITREEZFEILAPISA)
231 CAZPUEFNRE I g S A TR

W RIE RGZE S A EE S S AL FEHLH]. % 1012 (immune memory) 2 5 5 R 40— AN B AR S, 4 0L
A H b RSl BT i 2 A [ (04 5B, DU A 1 9 R B A O B S e P i KR B
T LA R ] ) A 3 o 224 i) — Tl 0 D T AR ONAZE WL I T 5 | P L A9 e 8 T B 1) 56 R 8 B vy PR e 4 P B 2
H PRI AR R E HARR A S b B T AN R IR SR Iz SR B R AR S e 1L R A T BA AR
TERRHE 0 22 AR, CRAUE AT FR AN IR AL 78 0, AT v T 56 T % 3 i 12 P (memory set, fRi B8 MS)SRAE it >4 i 13
I AESTIC B AR A2 A I B8R S e AL ).

EXCHC R — P RA it B W KM, 2 THAT. C 8 Z N T 2R T m MERREN 2 B

YRR T e e FRARAL L R 1 <, < KT =1,2,.,m S0 BCHE H AR ) )

f T (K- D) AR R A, 2 A

A o5 - IPUARBMER. B 2 02 eSKRCHLE T 2 FERE O (K i,

T ’ ‘.' R S T RHRAE WAL 1SRN T In) U A BURE, & 2 BEA )

R A Lo TP AN T i O B AN [ 5 H AR 0 AL, AN S e B2 1 A 2 ok

i S e B RIS R Pareto HTYJLAT 4 A B,

VIO T R AR A F RGN T ML R i

T R T @ SRR e NGO R P S SR S AT X B SR P 5 L

—> : 2 B ACE I 0O T BB 45 e SR 4R AW R IX M DL I

Fig2 Diversity maintenance by & dominance is Pt SEBUFLIRITR I X OB R BT F BERY 2 . 425
illustrated for minimizing f;and f, I e 5 2 AT LA s b 2 ) el 1) AL

K2 esCRCHT T S Mu ) e 1 22 e L DR AR BEHT R v B A ] S Rl 43 AR A A7 A )

[ 7 ¥R = AN HiAR x, e X, MBI B E LR B(x,) =
(Bi(Xp), By (Xp),es By (X)) LT, Bi(X0) = | i(Xp)/ & |, i=1,2,om S3% 1 SEPISA AL T B S BT AE, 2 AT 0 124t
PFEER IR MS() = (my,m,,...,m, ) amJ& LK/

BE L I PO BB A

551 A R A B AR AT G R e Ik EC SIS B AR, 4R MIS(E); 15 T, AN 24 i A 1) S S C S A4 R
MS(t—1) P IEFEAESZIE BT R, IR 4 MS(1). AR 5,45 MS() B4 o) i R 1) & B.

55 2 0 ARSI AZ TP EE MS(t) rh 5T (1 TR 1) e, B TR ) AR [R] PR A VR 1) S AR [R) R PR R W e
AIRE TR — A% A, 1] 2 o e aR 1 AR 200 T — AR R ) AR R A F0A, v SRUE AT H A R B & B
5 e ) ey R e B B AR N R AR DR B ke, AR R AR B 1] 2 B 1 BB box R,
Pk 2 W B

903 P MREAFE K (4), vh S F I AZ R IR [ P, R A A5 5(5), R B0 2 A c A2 AR bR A 2 b ) i
(1T UM, I LR O BT ke, AN Tl A A5 0GR (R e A A AZ P e o R
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232 BuikTOREERAE

20 1 C M BB RR A B B M TSR AP P, G 28 28 400 Rk B R R A% TR0 N T TR N T I G 8 4N A, O
AR IX 0 PR AT o PRI, TR AT G 928 I8 25 DA i 24 R L D, 3 a2 o o 30 AP R A o e 3k R o A S T
(PN WIPZ:

A(t) SeBERAEC Ar(t) DU BRAEM A”(t) PURLFERAES A(t+l) (7)

52 G LW N TP 22 AR BT IL AR L DB IO B 05 R, AR SO AR SCIRC BT R R vh e I — 8 40 0 VE PR AT

OB A®) = (@), 80 - A ST BT 103 B A v 2 25 5 (6) 2 S I i e 5 0%, i A /N (R B AR AT R 2 1
PR HABRAETE S 2.3.4 1 gh e B B AE C Kol

C(a,a,,...,a,,) =C(a),C(a,),....C(a,,)= (&,a},...,a"),(a,az,...,aP),....(a},,a%,....a" (®)

i A’(t):(a},af,...,al’" ),(a;,azz,...,azpz) ..... (a,ﬁa,a,fa,...,an";a) , C(ai):(a},ai2 ..... aP ) ,al =a,j=12,..,p ,i=12,.,na,

iR RN PLAIRAT BB 7 B ) K/ e S AR I 1T 2 2o A9 21 1Y

R YR o

2(VPr@ay)

j=1
Pr(a) & P ka4 2 2(6) T 57 75 21 A4 4 N Bk 5 e (1 BE T 1980 i) RO S K/ 1 I Bilpi=1, R WA
XA T R e A5 3 (9) T R, BT TS T ) 0 A BT, G i e 45 (BN, 2 e A e e )ROSR A A T A A AT T
B AH A BT SR AT S 22 B0 189 (B AL 2, 55002 W S D DX 3l A1 v 3 2 DX 38, o DR A S0k 2 v 8, v TR LA A
S5 Qi B oA 2 o 45 5 (6) T S4B FR) i S5 A T 0,76 4 T 40755 G AL 1) L A81) o I I G o I AR AR A 6 95 K,
h T BRI W BE T " P O A5 A A SE A BT i 4 5 AR B fee /M 172,38 70 7 T AR 2 TG e i 11 fhvi 2
SR A RAT H K ) 5 RILASE.
233 PUAOKRANE AR AT

0 B AR SO AR A 15 SR PR BT 8 A2 51 1T A AN R A B A2 0L, BT A, Ol T ek A4 i £ 3 A, 3
i 0 50 B i AR HEAT 2% R R A -

M(al‘,af,...,al”‘),M(a;,aj,...,azpz),...,M(a‘ a’ apﬂa):(afl,al'z,...,a{p'),(a;‘,a;zl,...,a;"l),...,(a’l a? a”’"a) (10)

A =(a" a7, ), (7,85 ) (sl A ) M(@0)F AR 3 B R A 3 A 2 5 1 9
PRAC S a),i =1,2,...,na 7 G i 2 i BT () S R 2 F A A A 0 SR D A S5, T R A S, A2 X 55— AN Ak 1
R DR BE AT AR S, AR S SR T DRI A A L R TR S T AR S DRl S AR PO AR ST
FE2E N T 498 FR 40 Hh T A4 S R RS J 38 ) 0 2 A st A% B rh I AL 5 11k, R H 2 B R O0 AL Al b A A
(B 0L — 3k A8 S(SBX) I £ 13 3 28 5 (PM)ML S 5634 43 45 i T 47 SBX [ PISA 1 ¢ 7 SBX [ PISA [ 5 5 X
EE.SBXAE X I# & S 4T

0.5[(1+ B)ay + (- Bay |, if r(01)=05

- 1
i 05[(1- B3y + 1+ B)ay ] if r(01)<0.5 an

b
=

1

_uyt, if u(0,1)<0.5

B (12)

[2(1—u)]’ﬁ . if u(0,1)>0.5
a0 # .k =1,2,..,n B S 2 5 15 B A HTAR I S KA g SR AR R e A8 X 2 A U R 7R O &) rfuds
(0, 1) T 51 397 43 A B BENLEL, e A XA b5 240 22 DA e 1) 5 X B
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1

_J@erym, if 1, (0,1)<0.5

aj = aj +(a’ — '), 1, 6, 1 (13)
1-[2(=r)]m1, if £,(0,1)=0.5
R, agt Rl ay a3 R BT B IR SR KA v S 7 05 (1 e KR S ML 1 A2 (0, 1) 2 14 55 391 43 A1 (K B WL A, 79 A2
AR S FR AR S 3 AT XA 2 58 AR D 2 1) (0 A8 4, AR S 4 A R T 044 1Y) O B O A A (T DARAN @) —ay
AL N
0.5(1-B)(ay —a). if r(0,1)<05
|o5(1+8) (g -y ) if r(0,1)>0.5
B HTARFIRETIEAL, 0.5(10- B) F10.5(1+4,) 1 0 HHL M &) —ay 15 a; —ay R ELH]LHURT HL AL 2
Tl 25 e T AR (1 2 ) s L A8 3 T L 1 3R B0 HH A8 SUAEE T (4 B 6 P A R AR A 1 1 3 82 P AL Sk S S 4 28 U
AR S SRR A BOAR IR ZH B, A BR R B A2 1) 556 R B SR A
234 PUiEREERAE
PO TE B4 A S A T 8 450 1 R 556 R 5 PSSR A 2 5 TR A T v 48 L R o AR B S e TR B A AR S, A
S R TTR AVE 7 1 N B I TR VA 71 &/ LB e RV v = o e | il L ey W 1B B [ Bl L1 - B AN i L 5 <o N N N LU
B S B PR o 75 )R 25 20(6), AN AE ST A AR T B8 N ANl e 55 G AF /D I PR I3 128 S.
S{(a{],a{2 ..... a” ),(a;l,afl ..... a’z”‘) ..... (ar',‘a,ar'fa ..... /P )} +S(MS(t-1))= (afay,...a)) (15)
St (aha),....a) R G PREFEERAE S BB AESCRCHUA N 2 24 57 A SCECHTAR 1 RN AR SCC VS T ik
AR R R T R — AR B 1) 7 B, X B B nad A it 407 55 R AL /DN IR BT A4 A DA AR SCIC WS P B 4 Al ST TG Ik A4 1
BEPERAE LN SA.

(14)

Qi — &y

At +1) = SA(a/,aj,....ayr,) (16)

2.3.5 A 2 S 5 0 17 v I S R

SZABE M WY 2 R TR S AR A BB B R R KL 65 A I U 2 AR AR Ak TR R SR R T T T TR B
AL B TR DU B R L PR RN B SOV NP I B R AR R T e e S5 G S B 2 v I
PELI(PISA), iRt

Bk 20 WSG9 Sy ic 12 e e L B B

$01 0 BOE KR A Fmax g, e B, JE SERC TS PE TR R BEA=(a,,. .. ana),na s JE ST HC i PEFT AR
BRI R /N NS 0 [ RS 1) 23 A 28 e t=1, W) B A L AR R B A0 AZ A BE R 4R Ak b =, T ST BA PR R P A A S 4
A R A5 2 (16) 44 2 Al S BC S P B AR R BEA(D=(ay, . . 8na)-

552 5 AR SRS E PRI A =(a,,. . ana) BEAT 70 [ B AE A (D=C(A(D)).

B3 B N B S PR AN R AR ORI 2 0 5 AR R il AT S R R R BB A AT(E) =
M (A(1)).

H 4 0 R R0 R AR AR R PO E AT (OREAT AR RRERAE SCAT () AR AR S P B O PR AR
A(t+1)=SA(A"(1)).

55 P A SR LB RSP UARRE AT t EE IR B AR ST max g, 0 R U 4 g
W HUARFPEE A5 W), A t=t+1 S 2 2 25,
2.3.6  PISA M54k GE 5B

L PUARTPRE R @ S ARAE T E A T2 1 AN IR A AT — A8 B SR DL Bt A A A0 3 i AZ B A v ok 85 1R Al S Vs
PEBUARAE A T — AR AE TR, A BT 0 Bl G RE 1847 Bo AP 48 (¥ S0 B SR e BOHL R, 4 — e R
A DT P 22 B DR Ah, o5 RT3 2 2% BEAR, &) T B, 5 L, v 555 3 1T LUK 8 52 s 75 2 00 158 5 2% ) R A 119
K.

2 AUBE N Y P 2 PRI AR L D BT IOE 1 R R,TE BAR SCRC ST A R 2 b Rl AT (0 B A S A ST
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T PEBUAR, R 5 SR B T 1 55 20 11 I 520V 1 0% 7 I8 S0k 3450 A1, 2K A 2 DX 8k P9 (R 044 SR AR B 22 1) S L
R T EBE R I, AR T A FR L Ah AR B AR X 43 AR S S P A, G 0 AT B2 4% 1 IR SR Bt A HE
Jp U B30 1 52 2% P AT, B I3 45 1 S N A

28 ML N T Gy 092 2 SR PR B T (ORI S 0 88 B A B A A 28 22 3 LR 4R W T A AR AE AN I N
T A SR 2 T AMY AR SO PR 3 AR ORI 22 0 3 A8 S FH 1 0 4 (10 236 R i e 10, S 38 35 3 4 I S I
T S A AT 8611
2.3.7 PISA ELESEIRE M

FF AN N EH BN S Hem & B ARk B0 AN B AT HE SRR I E 2 nn JE SCRCTE TR PR IR RN A
na, WG PRI /NN TEBE R NACAZBUARRIEE /N4 nm.

FERF—AREIE 1S 1 D AT PTARBI LT 5l SRR HTAAR (R I 1) 2 2% B by O(N®), Sy FE A 3 i i 1 1) 5t (1
BRI TR A 2% B O(m(N +nn)) 55035 1 i 58 2 A0 R U 1 o AH [ 04 14 g O I 1) 52 2% B2 72 O ((nn)log(nn))
SOVE 19 3 B M ER 2 APk s 1] 52 2% BE A2 O(nn) + O(m x nn)log(mx nn) 5735 2 HR 85 1 25 R iR 44k 345
(K ] Jo1) 52 2% FE S O(N), TS5 A ST (AT PE BT (K SR IR I 1) 53 24 B2 JE O(N? )+ O (N log(N)) s 5500k 2 h 45 bt 43
C R e 55 20 14D e B ) B2 2% 8 2R O(N-wnm); 50925 2 S Sl S v 1k e ARl AT o 3 I 50 1 %D ) 53 % 3 2
O(N); i 2 Hhowt o B2 Jig 044 [ 3% 10 B R 305 A ) I T) 42 2 B O(N); B0k 2 v b B U AR M B R e A2 bt
ARFPEE b ) =l ST T 4K 1) I TR] 5 2% B N 0((N + nm)z) SRV 20 SRR SCTCE TR PR AR 0 I TR AR
O(nn)+ O(m x nn)log(m x nn).. [X] bk, 7 4 — AR [0 e IR B ) 2 2% B 2

0((N + nm)z) +O(N?)+O(Nlog(N))+O(m(N +nn))+O(nn) + O(mx nn)log(m x nn) +O(N),

AR5 0" i 7 30, A F A O((N +nm)? ) I W, 76 15— 1R, T S5 1F S G 160 I 1) 5228 BE S R A A5
T2 (R I 1) 52 2% B2 A i T R S8 R AT T 2x 4 Hh LA T B AR 38 AT I 1]

T R B2 H bR R I AR, 0 20 % VR AT B B I SO R 2 R AR SR T AR B
(generation distance, i #RGD)?". [A] i (spacing, fii # S) XA /4 F (hypervolume, f& FRHV) P21 3ke 5z 477 446 (3%
ol k.

M/fﬁﬁﬁ I%JEH *“I’Elzﬁl\%?ﬂu; E}"]Pareto'ﬁﬁﬁﬂuﬁ(p':known)Lﬁ %ﬁtpareto'ﬁﬁﬁﬁ%(PFtrue)Z l\ﬂ E,‘] I‘lﬂ K]%J EF’ %,ﬁﬁ/&ﬂﬁﬂ l‘

Goz[LnidiZ) (17)
Npr i=t
FEr Npp & PFinown T U R AN, i PF own 1 2B I DK 5 PF e PR AT B 1 H A R 55 ) 58 14 R B — ik
T 5, AR B N 3 B — N SRR AS B I AR S 0 T SR It Pareto T ¥ 3.
) PR 2 S FE A F T4 B PR own L BT AT I3 A3 1 0 L
1 Npg

1Z(a—di')2 (18)

pr — Li=l

L, J:Lidi' NpE A PFicnown EHUREIELH . d A PFroun L B SR I UK L5 P cnoun 1 85010 A BT 2 110 ) B

Ner =1
PE RS 1 R S=0, M1 2 71 P Fonn R BITAT 04K 5218050 9317 s A0 52 SRR 3 W i 43 A1 AN 5 5.
BB PR AR R 55 R I A5 1 SRS B TE B bR 0T 78 o 10 AR L R
HV = volume(Ui7 v, ) (19)
FErP npe k) PFyown EHUER I EL H Vi B HUARITAN 222 2057 T B 1 768 A4 AR 3k L 306 BY SC R [29] e ST A4 AR e
1,57 1O IR A R B0 e /ML 2 A AR A 1 H A 20 55 B R A R (K (R A 4R 100 22 Tk ORI

S

IR

M

© RERREBERAIISTET http://www.c-s-a.org.cn



22 Journal of Software #4+% 4% Vol.21, No.1, January 2010

3.2 MR &
ASCIEIT 6 A PT H ARG £ 2 AN ar T J o 2 H AR I DTLZ [ 3 L2 R [ ] L4l — 2250k 2
Y| U202 32 Y306 o B nT LA A0 i — A 2 AR S0 1 1 e SCHU LA ) 5 1 95 H A pRAL 1) 001 8%
TR 5 AZDT I 82 Zitzler S5 2 3 52 W A 2% (KM H A A4k ) {51 . SCHRIZDT3 (1) f5% ff Pareto i /2 JF
S, U DA 1) B D T AR S A ) Iy DI 48 iR PE AN BSUE 715, ZDT1 MZDT2 ) Pareto il 5 730 73 42
FROAAR T 0, AT P SR AR YRR O 30,2DT4 HAT IR 2 Ja) i Pareto e L HIT Y, 2 FI TN S i e Sk 2D T6
HAT AR 2 50 Aii ff Pareto s A A 1Y, 22 H T I Sk 2 S0 1k 5 J RPN DTLZ2 FIDTLZ3 [ Deb%s 2%
P AT LU R N AR IR F AR 2 AR ) B T S R M A B T ik 8 HARDTLZ2 AN
DTLZ3 il il 55 T~ 3% 28 U X o 2 19 Pareto 5 fIL il 45 7T LA 2 4 Coello 55 % & 4 32 1) 2 H b AL 1K 1) 199 36
(http://www.lania.mx/~ccoello/EMOOY/). 1% L6131 p& F 1 50 2% 2 LR 1.
Table 1 Test instances
F1 M
Test problems  Number of variables  Variable boundary Objective functions (minimize)
—X, if x<1
-2+ x, if 1<x<3

4-x, if3<x<4’
—4+x, if x>4

L00=x, £00=900[1-yx /93 ],

SCH 1 [-5,10] (0= f,() = (x-5)*

ZDT1 30 [0,1] n
g(x) :1+9(zlzzxi)/(n—l)
[00=%. £(x)=000[1-(x/g(0)" ]
ZDT2 30 [0,1] )
g =1 +9(Zi:2 X; )/(n -1)
fl(X) =X, fz(x) = g(X)|:1_ Xl/g(x) - X sin(lOﬁXi )i|=
ZDT3 30 [0,1] 9(x)
9(x) =1+9(Z|":2xi)/(n—1)
X €[0,1] F00=%, £,00=g00[1-x/900 ],
ZDT4 10 X €[-5,5] "
i—2 n g(x)=1+10(n—1)+Z[xf—10c0s(4nxi)]
,00=1-exp(~4x )sin*(67), 1,00 =900[1-(x,/9(0)"
ZDT6 10 [0,1] 025
g(x) =1 +9((Zi":2xi )/(n—l))
f,(x) = (1+ 9(%) ) cos(X,/ 2) cos(X, 1/ 2)...co8(X, 7/ 2) cos(X, 7/ 2)
f,(x) = (1+ g(X)) cos(X,/ 2) cos(X,m/ 2)...cos(X, _,m/ 2)sin(X,_,m/2)
DTLZ2 ket x| -1 [0.1] f () = (1+ g(%))cos(x 7w/ 2)sin(x,7/2)
fi () =(1+g(x,))sin(x/2)
where g(x)= Y (x—0.5)
£,00 = (1+ g(x)) cos(X,1/ 2) cos(X,7/ 2)...co8(X,_,m/ 2) cos(X, 7/ 2)
f,(x) = (1 +0(x))cos(Xm/2) cos(X,/2)...cos(X,_,m/2)sin(X,_ 7/ 2)
DTLZ3 k| x| -1 [0,1] fu () = (1+ g(%))cos(x/2)sin(x,7/2)

fu () = (1+ 9(x,))sin(xm/2)

where  g(x,) = 100[\xk\ + 2 (% =0.5) = cos(20m(x, — 0.5)))}

X €Xg
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33 XLWIRE

A SCHE R SCHER ST B SRE R D P S0 7 S 3 v, 1 S8R T PR A )L AR S A T A A SR s
DTLZ2 RMIDTLZ3 i {45 F P B b )8, TR R /N 2 100, 3E 32 FL R MDA R R 10 K/ 2 20,30 ARH2
2005 AU HEAS S P AR pe=1, me=15. 2 B2 53 22 SR pm=1/n, 7 =20. 8 4 sl ) B 2 i i,
PR S R ) i PR (R L 2. 33 G Y et R 5 3 4 S )0 01 6L, 224 8 A 6 2 5 ) T A T DL = ) 80 e 5 3
) Ml G K 62 S ST 45 58 IR oA T U IR 25 T 415 JSL %) o 3 o B WL R 1) A7 280, mT B2 2% SCik[15,16,18]. 1
AT LR G A PP, SCRR[15]H I8 Skt SR B A R /N AN R (R 2 H it 5 —A4T).

Table 2 Tuned parameter values
*2 ZHMERE

Test problems SCH ZDT1 ZDT2 ZDT3 ZDT4 ZDT6
Aspiration points [-1,0] [0,0;0,0] [0,0] [0,0] [0,0] [0,0;0,0;0,0]
Reservation points [1,4] [1,1;1,2] [1,1] [0.5,1] [ededi] [0.3,1;1,1;1,0.23]
Veto threshold [0.051,0.05] [0.05,0.05] [0.05,0.05] [0.05,0.05] [0.05,0.05] [0.05,0.05]
£ points [0.001,0.001]  [0.003,0.003] [0.002,0.002] [0.001,0.001] [0.002,0.002] [0.002,0.002]
Number of solutions 50 50 50 20 50 50

3.4 KEWMHRERS S

3 HHUZ Y H AR ZDT1 (45 R (Ze R AT A i 477 17 (K] ZDT T i F) 45 58 A P2 4 s AN T 110 1 e B i
(¥ ZDT1 [ 8L 45 R P A 1) Pareto e DL i v i b 1) 78 (2 Lo [ BEZ PISA 5321 (0 HLAAH).30 A2 i) ZDTI
] L Pareto dAIL AT A T (. B 3 f0 2 IR AT P AN 4 U5 1 ) ZDT1 985 3R A7 B AE 45 58 AN TR] B 75 e B i
5~ ZDTL ) U 45 SR A B oh AN B B 25 1) i A 5 17) 2 W R SR8 42 IR S AN BE 40 L L AT T Af £ 56 565
L 7 TR A R, B R SR T R AR 22 MR T R TR A (KR DA TR A T AN TR] AR A R A
PISA [ 520, AT LA H, 15 e B0 i) B2 K, PIS A 15 51 A i e DI 56 ), 3 W 5 e 0 BRGBSE Bi A28 3008 I 45 e S
FEIXAMW LT 5 1) T IR AN BE 4 7™ R 1R i 35 S5 AT L, 755 e B 1 /N PIS A 75 81 1) i 2 X Sl A 2 B 7
YT TR LA™ 6 TR I35 e SR A I O 7 1) A L SR A ) i £ L

ZDT1 ZDTI
1 T 7 T " - 1 . .
Reservation Points1 / e;ervtat;on / A\ Pareto-Optimal
0.9 omss T 09 AN\ e—— G
ost Outrank Neighbourho'(l?d'l os |
07} 0.7 * Reservation
P veto=0.2 .- point
o6r 0.6 1 .
w 05f _ w05t
-" Outrank Neighbourhood2 -
04t 04 F: veto=0.64_ e
031 0.3 * éspir_ation
: i1 oypomt Veto=0.05
02t Pareto-Optimal front 02 | .
01} i orf:
i Aspiration points 0 )
0 .L L I L N
0 0.2 0.4 0.6 0.8 1 0 0.1 0.2 03 04 05 06 07 0.8 09 1
f fi
1
Fig.3
3

4 ) L EGEA 3 AL T 1 I ZDT6 )45 R A7 AN R HUE ) sl B 55 F N ZDT6 il il ) 45 R (A I
A 3 M T I HIZDT6 )45 R A7 U AEAN A (4 o8 i epsilon) HUE ¥ 46 £ F ZDT6 1) 45 5. 14 & ) Pareto
e DI Y S 1) SR € 0 [ B PIS AT B (A HTAR ). A2 B ] LA H  PIS AT T 22 AN i 5 7 17 1) i) R 36 8 4L
U H S S4B Paretodp L T Y, I FLYEAEAM I 4 J5 18] PIS AT B ) & — L YA, T A S — AN PR, 1K 45 P sie 1 e it
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T Z NS, TR A B3R 5 1R HEAR B4R B BT B8 AN 00 A5 380 L AR AN B AR T A 5 A2 — AN S 56
ZE TR ) — B PR, A B e 2 4 SR HOR, VSRS BRI H PR Ik B 4 R IR A T A [ SRR
PISA I, AT LAFE H 76 15 ok [7) 2 HUE 4 [0.2,0.2], 90 46 14 490,01, 2 11 05 A L1 S R el & J6 5 4 i X
0.00 1,0.02,0.05 BPISATHE| 1 Paretoi A HE K 45 B 7T LA HY, elr) 12 G 35 1 RUAE0BK 0K, 73 381 (1 T A R 73 8. 1)
EIIELS € T PUAR I A A7 X 0], 75 1% X 0] Y L BE A — S PUAR A7 I AR Jaszkiewicz 55 4% 5 32 1R JR) 64 47 D6 &R
R U7t 1148 52 T U6 72 590 A8 1) & (indifference threshold), 1% [ & 5 Xk W AN B 1 AEAS FI bR B8 0 2 A1 4
ANTAZ ) BV ) H A BRI, 3K P AN PO P S SR DR A DX TR 2 R R SR 2 T AR i Il R RS R
KT 5 AN 7] BAE F I 22 90 B A 1) ol LR aT LG 1 PIS A SR 9 &2 e L S 2B STk [ 17770 B 6 22 31 1
AH ) i, AT PTS A PR =) 30400 L A5 280 BU SCR[ 1 7] v PR A5 28 B8 o iy S e A0, N I 4 eh A [T BT LU Y, &S BE B mT
DLTE— 8 #2514 07 b CRFF BT AR 34T R 3 A3 42k

ZDT6 ZDT6
1 ; ; ; ; ; ; — 1 .
N \ Reservation Point2 /
09} Reservation Point1 FE— 09} B
o ¥ Reservation-point
08} i 1 osf A -
B Pareto-Optimal ffont .~ R
0.71 & Pareto-Optimal front b 0.7 : " epsilon=0.001
= 0s) 1 w05t
i . _.€psilon=0.02
04r S 0.4 7 epsilon=0.05
03t e Reservatioh Point3 _ | sl :
N Aspiration’ p'(ﬁﬂt
07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
f, fi
Fig.4
K 4

5 R 20 SCH 45 314245 5€ MW T J7 18] L ANTEAE Pareto Stk (2 A4 I 43 ) )& SCH Al ZDT3
1) 485 3 EAT TR 45 58 W 47 77 ) L ANAEAE Pareto SR HUMA. BT IR P ) Pareto fee D0 Tl v i b 1) 8 €820 (54 Pl 2
PISA 733 (F 4 BE). W FF 7] LA L, 7E SCH 1] B[] Pareto 5 {8 Hi Wi i b AT — AN A 45 1) X 36k, 110 45 52 1) O 467
J7 1) LA TR AN T 2 IR 3802 P, 3K 4 ) 80 19 SR gy Sk R 3E T PISA Be% 1 20 - 4R 35 A 4 U7 1) B2 LI ) e
A FEAE LT A B AT AR R R B & 5 A5 B ZDT3 (45 B 7645 72 B m 7 18] L ANTEAE Pareto S AR i 44,
%R AT 18] 2R B () Pareto BT I%E 1 R A1 BT AR (middle point), 825 2% (outrank) # /M) T 7R BT A1 b i 2
i S R PR BE N I Rl AR HE PISA X T AN S 1) Uf 22 A il 50 1 B8 058 260 L b 380 — 2003905 A2 4 e 1) B 44
BT PISA B3k & Fe bk AR 1k

0T PISA FARN M g, FRATIE B T IoAREE T 1 1 2 H AR LGS 55 PISA X EG. SCHk[15]7,Deb 45
S T R TR R AT £ 5 AR A ST (IbsNSGA-TD), FH - fif e A7 % 82 2 B br 4k 17 78 45 1,
BATTEEL IbsNSGA-TT 14 LU AL, LI S 50 E 5 3R 2 A R 5236 45 R B 6 JTzm) 2 30 IRA7 S5 ()
GVt R A0 O3 A B 20 B 48 5 2 A e v 43 A I A A L 2 e R T AT DA 0 A R AR A
7, 33K 26 (7 BT DL IR AR AR (49 G5 V- 38 43 A <+ R0 g 20 B A R R LA A5 M A R R A 43 A R e
PR TEE 6 AR SR <1 R IR 5 PISA,“27K 7R 1bsNSGA-IL
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SCH ZDT3
16 : 1 -
Middle point
14 0.8
12 / Pareto-Optimal front Outrank
10
o 8 i
Outrank neighbourhood >V2
4 Middle point Reservation point e o I S S VAR
Aspiration point  N\_ \ [ ... Pareto-Optimal front -0.6 4,, V1 -—
0 ‘ ‘ ‘ , : Aspiratioiq point Pareto-Optimal front
d 1 1 . 1 L 1 1 1 1 1
-1 -08 -06 04 02 0 02 04 06 08 1 -1 0l 02 03 04 05 06 07 08 o9 1
f, f,
Fig.5
Kl 5
GD S HV . GD .S uv
x10° x10 x10 0218
0015 + S T T 25 ° pe
1.06 Il o217t T
0.014 ) ) :
- ¥ 2 0.216 i
0.013 1.055 H
2 3T i 8~ H 0215 + 4
0012 | NS st ©
) i 2 1 1.05 Sl Y| o2 *
L
0.011 g +
: Z? 1 z 1.045 = 1 . g 0.213
oot t L . = 1 0212 X
b2 b2 1 2 12 1 2 1 2
GD S HV GD s v
10° x10? <107 x10°
+ + o418 T -
1.8 g T 1 22 + ;
25 + ]oat6 5 | 03205f | .
1.6 1 2 T
a 2 1 {0414 o a5l 1 = 1 o
g 14 T 1 5 184 1 1 :
N ! I I |
| 0.412 . N !
12 15 4 1.6 03285 1
g 0.41 : | |
1 1 | ! 14 ) !
1 0.408 * 38500 L | 0328 [ L W
I L 1 | |
0.8 2 | 121 1 ! ]
Lt 051 + 0.406 . 301 L 03275 i
b2 2 12 1 id 1 2
GD S HV GD S v
x107 x107
03 T 10.03 77 028 : . T - p—
| 052 T
0.25 0.025 0.26 2.5
" ooz & g
0.2 : . lo24 215 ! N T3
z | 2 |
T -
g 015 : 0.015 . : ! oas
0.1 0.01 1 1.5
0.2 T N
0.05 0.005 : g 0.46
z 1L 4 L |o1s * 1 1 %
0 0 03[ & 044} +
1 2 12 12

12 12 12
Fig.6 Statistical values of generation distance (GD), spacing (S) and hypervolume

(HV) obtained by PISA (“17) and IbsNSGA-II (“2”) in sovling SCH, ZDT1, ZDT2, ZDT3,
ZDT4 and ZDT6. Box plots are used to illustrate the distribution of these experimental results
K 6 PISA(“1”)F1 IbsNSGA-II(“2”)fi# ¥k SCH,ZDT1,ZDT2,ZDT3,ZDT4 Fl
ZDT6 S 45 R pgEACER B9 L () B AR AR AR e vk G 20 161 43 A
Hi& 6 R %1,PISA A1 IbsNSGA-IT X ZDT3 )5 46 45 K230 0 FAb 1) 8, — 2 22 BRG] 82 2 SR 2% g 1
AR 8 B A ) B FE R PISA X 1 ZDT1,ZDT2,ZDT4 F1 ZDT6 [¥) 55 5% &5 F 43 5L T 1bsNSGA-IL fi 1bsNSGA-IT
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KT SCH IR EE FE AL T PISA; I 2% F& B AR5 5 PISA % T~ SCH,ZDT2 Fl ZDT6 [f) 525 45 K& bt i
IbsNSGA-II X} T ZDT1 Fil ZDT4 [# 5256 45 B4R 4F A T W 7% (1 3403 #£ (running performance), AT 157 20
AR AL FERAE 1 IR CH B BELAREUE 200 48,45 10 AN KA AU, S5 45 3R T 30 A7 S2 86 I vl 3 (E A
72, 5 45 L LUAR 22 4% (errorbar) () TE 345 H o0 2 3ME, BB ya R 7 = i g Rl 7 FlE 8 B,
VR E 7 R 8 A R AL FR T 5 :;Number of function evaluations(x10000)3 7 A A4 b 1K) B 22 £F 10 000.

SCH SCH SCH
1.1
1.08
[a)
c =
107
1.06
0 ) T 1.04
0.5 1 L5 2 0.5 1 1.5 2 0.5 1 1.5 2
Number of function evaluations (x10000) Number of function evaluations (x10000) Number of function evaluations (x10000)
ZDT1 ZDT1 ZDT1
10° 1
10°
0.8
a
o » ; 0.6
10 10°
0.4
0.2
0 1 2 0.5 1 1.5 2 0 0.5 1 1.5 2
Number of function evaluations (x10000) Number of function evaluations (x10000) Number of function evaluations (x10000)
7DT2 7ZDT2 ZDT2
10° 10°
1002
D10°
>
o s -2 ol
10 1 107
107
10704
10" 10 %
0.5 1 1.5 2 0.5 1 1.5 2 0.5 1 15 2
Number of function evaluations (x10000) Number of function evaluations (x10000) Number of function evaluations (x10000)

Fig.7 Obtained errorbars of GD, S and HV at every 20 generation on SCH,
ZDTI1 and ZDT?2 respectively are shown here. The line with circle are the errorbars of PISA;
the line with down triangle (V) are the errorbars of IbsNSGA-II
K7 SCH,ZDTI1 M ZDT2 & 20 ACHF 2 tEACREE |  [] S RE AR A 1 2 2 HE Ak it 22
A 15 Pl AR UL i 22 /2 PISA 19 B BEAL i 2, F = A1 (V)br I /& 1bsNSGA-IT 153 2 (i BEAL iih 2k
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ZDT3 . ZDT3 ZDT3
10° 10
P 0.8
0.7
210° ©10° 20
0.5
0.4
107 -3
0.5 1 1.5 2 10 0.5 1 1.5 2 03 05 1 15 2
Number of function evaluations (x10000) Number of function evaluations (x10000)  Number of function evaluations (x10000)
ZDT4 ZDT4 ZDT4
10°
10°
10°
3 - z
107
107
: 10"
0.5 1 15 2 0.5 1 1.5 2 0.5 1 1.5 2
Number of function evaluations (x10000) ~ Number of function evaluations (x10000)  Number of function evaluations (x10000)
ZDT6 ZDT6 7ZDTé6
10? 10°
10°
8 ©nl07?
107
10 10 0 :
0.5 1 1.5 2 0.5 1 1.5 p) 0.5 1 1.5 2
Number of function evaluations (x10000) ~ Number of function evaluations (x10000) Number of function evaluations (x10000)

Fig.8 Obtained errorbars of GD, S and HV at every 20 generations on ZDT3, ZDT4
and ZDT6 respectively are shown here. The line with circle are the errorbars of PISA;
the line with down triangle (V) are the errorbars of IbsNSGA-II
K8 ZDT3,ZDT4 I ZDT6 &K 20 A2 tEACRT . A) BN AR AR )R 2 S5 0E A i £2.
A 12 Pl AR UL 222 PISA 159 2 M BEAL i 2 F = A1 (V)bR K & 1bsNSGA-IT 15 2 (i BEAL iih 2k

7 F1E 8 435l E PISA F1 IbsNSGA-II fif# ¥ SCH,ZDT1,ZDT2,ZDT3,ZDT4 I ZDT6 [l #1145 3 (1) 4f 20 4L
SRFEZ S5 AR BE B | 0] BRI RE AR R S RNy 22 3R A0 %) L o £ 2% e A B 8 R i) 8 = %6 ZDT1,ZD T2,
ZDT4,ZDT6 Il &5 4 [ Pl b iR ) h 28 b d R i I etk b e A R = fdm iR it 26 Eauik i IUE 226, 7+ B
TR /N3 U B PISA S A 3 26 B PR G SO B e B AR o AT A3 ) B R M U IbsNSGA-TT X T+ SCH
LT FE AL T PISA. % [E MR RS &8 PISA XF T SCH 5246 45 K WAL T 1bsNSGA-IL,IbsNSGA-TT % T
ZDT4 1525645 T 0] AR T PISA N T LAt iy () 1, M AL B 100 2 5, XA EEARINE R ERECLE+
3 FEIT 3 B K P ARV T 1A 6 ) (1) 2 R DR R A SRR R A AR UL PIS A (WA BE FR A P e 8 7 LR
> R Al AR ER A B A Sy B AR ST 45 SR DRt 7R SRR Y o A AT LS A8 PP BT AT SRR A 1]
7 iR, BATEL 1 T PISA F1 1bsNSGA-II %} T ZDT1 1 ZDT6 (K%} Ltz AT i ).
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5 T U0 B IR 2 70 LR AR I,y R [0 I 2% A S5 R e, ) 22 9 e 002 (1 e A B 8 2 A S5 i,
AR A K 1) BV L 22 e R R A 25 22 V99 A B0k (P A AR B 20 5 AN A 5 I, SR — P B0k 1) L AR 0 5
BN T 55— P A, 5 HL ISR B AR R B (B K T 5 38, 38 4% B0V 19 30 A Pt e 0% S8 4 MBI Pareto S
PRI L 8 i) ZDT6 1) 7, PISA HH AR 12 13t Ak, it 28 0 e (A Rt Ak i 28 2408 T 1bsNSGA-ILIX i3t B X T i%
] L PISA {EWC S AN 2 ARV O FE 5 T3 4R T~ 1bsNSGA-1LL
35 PISARTRRSHZ BRI

R YEZ H bR i) 8 — B4R B AN EORT 3 02 B AR Ak L = 4 2 B AR Ak ) S A N A2 H R
AT A f L 40T 3k B — 4L BE BE AR UF HEIL Pareto dpef BTV, ) RETR BRI LF 10 2 AR ML (R 4 2 24 4 % H AR
A AT ) — A M AT Ot 515 500 22 E AR A e 3 R S 3 4 S i A R R RT3 R, T AR K b ik /> 48 R 11 X
b T o S i R e R 25 R RE AT /L B <o R oW 7l e D AT <o o =7 O S S R B SR e SN E A E R = Rl
AT S 38 30 1 5 ) T AR .

Xt T e 22 HARLAR )8, /S BT AR BB T 1 AR I BT A S B Pareto dee A8 AT HY P21k 1 T R Rh B T E A 45
TR0 w2 P SCHR (330060 (50325, PR (9 K /N BE S E AR 4200 B I 3 N (R 3 B ). S 4 1) 20 7 AL A (1 )i
AL AN TR LM 8 4k H AR DTLZ [l iy 2 11 ) 502 [1,1,1,1,1,1,1, 1], 45 ¥ ] = R AR AN ST X
fH24 0. LA ARH. PhBE R /N i) 2 PR BUME LR 3.

Table 3 Tuned ¢ values in DTLZ2 and DTLZ3 with 3~8 objectives
%3 3~8 HFrHI DTLZ2 1 DTLZ3 [ ofe ) 05

Number of objective 3 4 5 6 7 8
Population size 200 200 300 400 400 400
Active population size 40 50 60 80 80 90
Iterations scale 500 500 600 600 700 800
& points [0.018,0.018,0.018] [0.035,..., 0.035] [0.05,..., 0.05] [0.06,..., 0.06] [0.08,..., 0.08] [0.09,..,0.09]
Number of solutions 96 108 110 106 102 113

h T 5 A A I d AN TG AR G ¥ 22 H bR S04 LU, B X TosNSGA-IT AT NSGA-IT 5 2y L 5032, Lo A 1) 403
YR 3 PR S8 BN O B R ST R Pareto 0l 2% 4 4 1975 20, IRk F H A5 4
KRR B 1 0 R 5105850 99 A (0BT VLR AT 0 R DR AR 43 A . 15 T Pareto SRR S £2 =1, 571,
ATLLHSE GD = 1/nm Y (7, 2 1) nm SR HCZ R BER b S 4 R 4 R S,

i=1 i

Table 4 Statistical values of PISA, IbsNSGA-IT and NSGA-II in solving DTLZ2
with 2~8objectives (M is the number of objectives)
F 4 PISA,IbsNSGA-II fl NSGA-II Il Tfi# 4k 2~8 Hx DTLZ2 M4t 45K (m 2 Hir% H)

Mean value of GD Mean value of S Mean value of HV
m (standard deviation) (standard deviation) (standard deviation)
PISA |LbsNSGA-II| NSGA-II | PISA |[LbsNSGA-II[NSGA-II| PISA [LbsNSGA-II| NSGA-II
3 2.7x107 | 7.7x10™ [ 6.1x107* | 4.6x107° | 6.3x107° 0.04 0.392 0.397 0.49
(1.1x107 | (2.6x107%) [(1.8x107%)[(6.4x107%)| (6.7x107%) | (0.003) |(4.5x107%)| (6.7x107%) |(1.46x107)
4 1.1x10~° | 3.05x107° [6.07x1072] 9.1x10~° | 1.1x107° 0.12 0.178 0.176 0.25

(4.1x10™ | (8.3x10™%) [(3.4x107)[(2.3x107%)| (1.5x107%) | (0.016) |(2.6x107%)| (7.2x107%) [(6.28x107)
1.78107° | 4.6x107° 1.85 | 95x107° | 1.4x1072 033 [5.7x1072 | 5.1x1072 0.324
(8.22x1079)| (1.6x107%) | (0.19) [(1.2x107%)| (2.8x107) | (0.016) |(1.1x107%)| (1.53x107%) | (9.1x107%)
1.65x107° | 4.54x107° 45 1.6x1072 | 2.6x107° 0.59 [1.38x1072| 1.4x107* 13.46

6 (3.9x107 | (1.7x107%) | (0.88) [(6.5x107%)| (6.1x107%) | (0.05) [(7.7x107%)| (8.1x107) | (7.34)
7 2.1x10~° | 5.2x107° 499 [157x107%| 1.7x107° 0.67 | 1.3x10° | 1.4x107° 6.77

(1x107%) | (1.7x107%) | (0.34) |(5.4x107%)| (5.2x107%) | (0.02) [(1.1x107%)| (4.56x107*) | (5.06)
g 1.56x10~ | 5.6x107° 545 |1.84x1072| 1.85x107 | 0.84 |[5.56x107*| 3.6x107* 4.64

(6.4x107) | (1.6x107%) | (0.14) [(9.1x107%)| (3.4x107%) | (0.01) |2.5x107%) | (1.8x107%) | (2.34)
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Table 5 Statistical values of PISA, IbsNSGA-II and NSGA-II in solving DTLZ3
with 2~8objectives (m is the number of objectives)
F 5 PISA,IbsNSGA-IT fl NSGA-TI il T vk 2~8 HAx DTLZ3 KIS il-45 R(m & HAr%H)
Mean value of GD Mean value of S Mean value of HV
m (standard deviation) (standard deviation) (standard deviation)
PISA IbsNSGAII NSGAII PISA IbsNSGAII NSGAII PISA IbsNSGAII NSGAII
3 1.7x107° 0.017 0.33 2.32x1072 | 2.42x107* 0.132 0.387 0.259 0.49
(1.5x107%) 0.01) (0.24) | (6.4x107™) | (1.4x107) | (8.6x107) | (3.26x107) (0.179) (9.2x107%)
4 3.4x107° | 1.39x107 | 4.03x10% | 2.5x107 | 2.88x107* 30.95 4.8x107 1.29x1072 5.23x10°
(1.8x107%) | (1.11x107%) (44) (6.56x107) | (1.2x107%) | (8.26) (7.2x107%) (4.09x107%) | (9.44x10°%)
5 55x107° | 8.37x107° | 6.97x10% | 3.6x107 | 3.8x107 84.3 1.2x1072 1.1x1071° 3x10'°
(2.8x107°%) | (5.26x107) | (86.4) | (2.7x107%) | (1.2x107%) | (11.8) (2.1x107%) | (2.53x107'%) | (3.3x10'%)
6 2.5%x107° 2.1x107% | 1.09x10° 0.128 6.9x1072 | 1.74x10®> | 2.38x107* 1.24x1078 2.41x10"
(2.6x107%) | (1.54x10) | (57.1) 0.103) | (2.1x107H | (22.8) (7x107%) (3.1x107% | (2.81x10")
7 5.49x10= | 2.3x107 | 1.36x10° 0.088 8.62x1072 | 2.91x10? 1x107* 49x107 5.33x10'°
(5.39x107%) | (1.8x107) | (77.2) 0.027°) | (2.54x107%) (28) (3.65x107%) | (1.56x107%) | (7.81x10'°)
g 5.44x107° | 2.79x107° | 1.54x10° | 1.84x1072 | 9.8x107> | 3.89x10° 1.1x107* 1.9x107° 4.67x10%
(5.64x107%) | (1.65x1072) | (54.2) | (9.1x107%) | (2.5x107%) | (10.5) (3.4x107) (6.1x107'" | (5.7x10%%)

R 4 IR 5 o 2 [ AR 2 ¥ Ay 22,560 F 3~8 HARMIDTLZ2 FIDTLZ3 [a) i, PISAF1IbsNSGA-II
I8 Sl 3 Paretodst U RT VR, A T 3 HARH 4 HAFRIIDTLZ2 14 8, NSGA-1LE fig % #35 Paretods A B i, E 2, 6 T
KT 4 HAFMIDTLZ2 [T 3~8 HARKIDTLZ3 i 8, NSGA-IIAS GE 3% I £ 2 Pareto e L BT ¥ Bl T . Khare 25 2%
e L LE R v HAR 2R T 4 102 H A i 8, B T Sl SR R I KR G i, & e a2 H AR
15 NSGA-IL,SPEA2 FIPESA-TUAREMS $& (AT 2 ik £ 5 77, T 8O ALt R (453 S0k R 00 H B P L3 2R 1K 5 0,
PERE SR N B AR SCELR A i 415 50 S B e A2 v I B0k 8 B0, O 15 JRL T A2 48 2R 245 Il 38 T e 55 4
1) G2 1002 T 28 PEAIL R T ABE B R R 38 6 0,386 T e FE IR A8 B e — s B2 B b n] DAARAIE 2 FFE.

B 4 50,5 8 HARMDTLZ2 8, PISALE AR UE I SICME: (¥ ) i, EL AT AR 45 g 1) 2 BE R AR Fr e . 9
JEPISAMEYE S HFRFI 8 HARDTLZ2 — WIS AT &5 5 B iy LG H B Am 4R 50000 38 n, 550922 9 A e sl s
— AN TEAS [ ) E bR 380N B S [ 1) il A A 20 8 B SR PISA LK 1bsNSGA-TTE A 8 I e Sl M 1R A
R, 3 BAT T ) A B AR 7 1 22 PISA I IbsNSGA-IIA T-DTLZ3 Il @, 15 HY 4548 4 ) Wi 3 vk (H 12
ZAEVEORREBE B 22, 2 800 25 KT 388, U S Tz ) AN R e X T DTLZ3 )8 |5 2%, &DTLZ
A ) A B — AN, 29 A T SRS T BAR4EEUR R IWDTLZ3 [ R AN e R BB M HE S TR AL
AR AL i 8, 41407 A5 255 b e $ 38 S R Pareto 1T ¥, 6 B AT — 52 I 2 FE PR DR KR B8 0,152 2 4 2 H AR IR A0 ATtk T
I 149 ¥ A8, 7 T P 4 3E A TF 5540035 11 3% 25 (IEEE. Congress on Evolutionary Computation) I, 5% & 4E H AR 9T 1
SCEE R A 22 30T 3 AN g ) R IE Wi ST R 22 R T AR SO R PISA R SCRR [15]48 H 1Y
1bsNSGA-II% - 8 HARMDTLZ2 [n) L E AT B AF (R 1k BE, DR UE T YRS A0 2 B PE, SR 4 TSR 5 AR /oK
F,PISA MW ST AN 22 B 1 AR HE 8 D88 U 3K i B, 48 v 7 SR 45 2% 08 R, 70 45 58 Al e DX 3 P9 1A 2 T4 U7 5 1)
FERE B ANEE T e BCAL I A0 MR 58 7, 0 Tl e H AR 4E B0 1) 22 H b ) R I HH — i 1 34
36 EHEFITPISARIF G

2 BOIAT N T G 8 5925 R i) 2 40 1 11 B o P AV AN L 68 T A B 1 A TR AT A O EE A B AR AN
HERRAE N TR IE RG22 Ab, 1 H,— 0 40 5 24 % O 4030 3 WF 57 75 R, SR 4L B4 AT LUAE S BT 4% s pi A S A
J3E 1S S I B s AR PISA P UL — 0 A8 XL(SBX) R 22 311 4% S (PM) AR b 70 A S R RE BB B, O 7 TR
PISA [ fig 32 AR 0L — 3k A8 AL ¥ B0 58 W9, 3 AT 7 1 47 SBXIPISAFI % A5 SBXIPISA R X L 52 86 43 41 AE ¥ A
PR, — HEAE AR, 2 T R R 1.

HH & 10 RI40,45 SBX 1) PISA 45 3 B 44 i) A QB B A1 A) 35 1K Ze v 34 /E W 2/ T3 SBX 1) PISA 433
(RRH I 285 SR X YW ,SBX nl LUK AP Hh 536 PISA K11 B, 310 2 4 50 4 N o B S 6 45 5 2 K2 AT 73 (). %4 T+ ZDT1
I ) AR R R B W AT SBX 11 PISA ¥ R K AH A2, % SBX 1 PISA FLAHARFH 25 1k 4k i 28345 7E 0.01

© hERRERBATIT

http://www.c-s-a.org.cn



30

Journal of Software #F% 4Rk Vol.21, No.l, January 2010

P E, i PISA [ HACEE 25k 4k T Z6 75 0.001,3% Ui B, 7%H SBX M PISA WS 22,00 T ZDT6 HB AR &,
H T A 200 4R B I T AR E 2 S el B bt e A BB 5K 1) B 1) 25 R 2 R RE R 7, DR AL PIS A SKE T+ 12% i) R 11
ZREME R R N PISA (BN AL I R SR PR S U 22 5/ vl LAAA A B 21 45 4 T LA A A
T 5 R G0 AR SR R S — AN T R AR A T DL — 8 g B 1 A o R B R 1 s A
DTLZ2

Objective value

DTLZ2

Objective value

Objective number

Objective number

Fig.9 Coordinate maps by PISA in solving five objectives (left figure) and

eight objectives (right figure) DTLZ2 problems
9 PISA ik 5 HAr(ZE)F 8 HAr(A4E)DTLZ2 fa) 55 (1) Ak b K]

ZDT1 ZDTI ZDT1
107 107!
100 A
[a) - -2
9 L, 10
1072
10-

10 o : 1

' 2 0.5
Number of function evaluations (x10000)  Number of functio:

ZDT6

10

10°

1 1.5 2

ZDT6

1 1.5 2

. 0.5 1
n evaluations (x10000) Number of function evaluations (x10000)

ZDT6

]0()
8 (7]
102
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4 L L
10 0.5 1

0.5 1 1.5

>
T10°} 1

0.5 1 1.5 2

Number of function evaluations (x10000) Number of function evaluations (x10000) Number of function evaluations (x10000)

Fig.10 Obtained errorbars of GD, S and HV by PISA and PISA without SBX at every 20

generations on ZDT1 and ZDT6 respectively are illustrated here. The lines with circle are

the errorbars of PISA; the lines with up triangle (A) are the errorbars of PISA without SBX
10 Ji PISA FIVAT R~ BEAZ AR A1) PISA fif ZDT1 Fl ZDT6 (¥ HEAREE |
(i) LMV 1) % 2 2 AR il e Bk B 20 AU BEALRERERAE 1 7K ol Bl b DR b 2k
PISA FREAL il 2k b = £ (A)BR R IR I A B — HEAZ A 1 PISA FRHEAL 25
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3.7 tELIBATHTIE] 5247

T A PISA IR 5224, 6 451 T PISA 1 IbsNSGA-II Bh3LIZ4T 30 (R II-F-H ) A K H 5 2 5k
S E 5% 3.3 PR AR AEE XA MATLAB7.0.1 %% %%, B /i i & Pentium(R) 4 (3.20GHz,
1.00GB,RAM). A\ 6 Al LLF t,PISA X} T ZDT1 I ZDT6 il 8,V ¥3Z 1T I A ASHE L 6,110 1bsNSGA-IL X F
XA ) T LR 2008 197 X732 4T I ), PR bk, 24 S0 B2 1) s e S 4

Table 6 CPU time used by PISA and 1bsNSGA-II in solving ZDT1 and ZDT6 (Unit: s)
% 6 PISA F1 1bsNSGA-II fi# ¢k ZDT1 A1 ZDT6 a8 ff) CPU iz 47 I ) (BRA7 D)

Number of | Mean CPU time (standard deviation) of ZDT1 | Mean CPU time (standard deviation) of ZDT6
generations PISA IbsNSGA-II PISA IbsNSGA-II
20 0.345 (0.037) 23.74 (0.718) 0.211 (0.011 9) 22.544 (0.35)
100 2.056 (0.096) 109.67 (2.955) 1.618 (0.086) 104.254 (0.44)
200 5.38 (0.275) 216.73 (2.624) 3.37(0.128) 206.15 (0.166)
4 HFERIE

AR e 75 V02 PR AR 2 T 0 32 96 D L 65 5 i 4 22 L s ) J) J8 50 R BT RSt T — Pl i 4 22 H A
DA TR0 ) S0k —— i 1 S5 2 e 5 A2 v B R PR SR (PISA).PISA L5 1 T i I 45 2 1) EL AP 3 e B, 63
P AL R 68 AU, R AR ORI 22 T XA S PR 256 R RE B R A D 000 5 /S 7 H B ) 1) iU 3~8 4] DTLZ2
A DTLZ3 i) AT T AR, S 560 45 R A7, 3 50 AT T b A AL Sk 0 RS 1) 22 R AR R R R 0, A S 2D )
I IR) 328 S50 52 2% FEE ) T i 22 1 b D08 A ) R, o g s 1 B I A 200 K i e X 2 58 2R A 122 6 T 8L 1 O B, )
IS A A e F R A B e R S5 22 1 e R P [ O 55 0 PO AL S A 22 R AT — 20 B A

References:

[1] Ishibuchi H, Tsukamoto N, Nojima Y. Evolutionary many-objective optimization: A short-review. In: Proc. of the 2008 Congress
on Evolutionary Computation. Hong Kong: IEEE, 2008. 2424-2431. http://ieeexplore.ieee.org/Xplore/dynhome.jsp

[2] Coello Coello CA. Evolutionary multi-objective optimization: A historical view of the field. IEEE Computational Intelligence
Magazine, 2006,1(1):28-36.

[3] Deb K. Multi-Objective Optimization Using Evolutionary Algorithms. Chichester: John Wiley & Sons, 2001.

[4] de Castro LN, Timmis J. Artificial Immune Systems: A New Computational Intelligence Approach. Berlin: Springer-Verlag, 2002.

[5] Liu J, Zhong WC, Liu F, Jiao LC. A novel clustering based on the immune evolutionary algorithm. Acta Electronica Sinica,
2001,29(12A):1868—1872 (in Chinese with English abstract).

[6] Zhong YF, Zhang LP, Huang B, Li PX. An unsupervised artificial immune classifier for multi/hyperspectral remote sensing
imagery. IEEE Trans. on Geoscience and Remote Sensing, 2006,44(2):420-431.

[71 Dasgupta D, Forrest S. Artificial immune systems in industrial applications. In: Proc. of the 2nd Int’l Conf. on Intelligent
Processing and Manufacturing of Materials. Honolulu: IEEE Press, 1999. 257-267. http://ieeexplore.ieee.org/Xplore/dynhome.jsp

[8] Luo WJ, Zhang SH, Liang W, Cao XB, Wang XF. NIDS research advance based on artificial immunology. Journal of China
University of Science and Technology, 2002,32(5):530—-541 (in Chinese with English abstract).

[91 Yoo J, Hajela P. Immune network simulations in multicriterion design. Structural Optimization, 1999,18(2-3):85-94.

[10] Coello Coello CA, Cortés NC. Solving multi-objective optimization problem using an artificial immune system. Genetic
Programming and Evolvable Machines, 2005,6(2):163-190.

[11] Cutello V, Narzisi G, Nicosia G. A class of Pareto archived evolution strategy algorithms using immune inspired operators for
ab-initio protein structure prediction. In: Rothlauf F, et al., ed. Applications of Evolutionary Computing, Evo-Workshops 2005.
LNCS 3449, Lausanne: Springer-Verlag, 2005. 54-63.

[12] Jiao LC, Gong MG, Shang RH, Du HF, Lu B. Clonal selection with immune dominance and anergy based multi-objective
optimization. In: Proc. of the 3rd Int’l Conf. on Evolutionary Multi-Criterion Optimization. LNCS 3410, Guanajuato:
Springer-Verlag, 2005. 474-489.

© RERREBERAIISTET http://www.c-s-a.org.cn



32 Journal of Software #F% 4Rk Vol.21, No.l, January 2010

[13] Gong MG, Jiao LC, Du HF, Bo LF. Multi-Objective immune algorithm with Pareto-optimal neighbor-based selection. Evolutionary
Computation, 2008,16(2):225-255.

[14] Deb K, Pratap A, Agarwal S, Meyarivan T. A fast and elitist multi-objective genetic algorithm: NSGA-II. IEEE Trans. on
Evolutionary Computation, 2002,6(2):182—-197.

[15] Deb K, Kummar A. Light beam search based multi-objective optimization using evolutionary algorithms. Technical Report,
No0.2007005, Kanpur: Kanpur Genetic Algorithms Laboratory (KanGAL), Indian Institute of Technology, 2007.

[16] Laumanns M, Thiele L, Deb K, Zitzler E. Combining convergence and diversity in evolutionary multi-objective optimization.
Evolutionary Computation, 2002,10(3):263-282.

[17] Jaszkiewicz A, Slowinski R. The light beam search approach-an overview of methodology and applications. European Journal of
Operation Research, 1999,113(2):300-314.

[18] Deb K, Miettinen K, Chaudhuri S. Towards an estimation of nadir objective vector using hybrid evolutionary and local search
approaches. Technical Report, N0.2007009, Kanpur: Kanpur Genetic Algorithms Laboratory (KanGAL), Indian Institute of
Technology, 2007.

[19] Coello Coello CA. Handling preferences in evolutionary multi-objective optimization: A survey. In: Proc. of the Congress on
Evolutionary Computation. Piscataway: IEEE Service Center, 2000,1:30-37. http://ieecexplore.ieee.org/Xplore/dynhome.jsp

[20] Zitzler E, Laumanns M, Thiele L. SPEA2: Improving the strength Pareto evolutionary algorithm. In: Giannakoglou K, et al., ed.
EUROGEN 2001, Evolutionary Methods for Design, Optimization and Control with Applications to Industrial Problems. Athens,
2002. 95-100.

[21] Corne DW, Jerram NR, Knowles JD, Oates MJ. PESA-II: Region-Based selection in evolutionary multi-objective optimization. In:
Lee S, et al., ed. Proc. of the Genetic and Evolutionary Computation Conf. (GECCO-2001). San Francisco: Morgan Kaufmann
Publishers, 2001. 283-290.

[22] Shaw KJ, Fleming P J. Including real-life preferences in genetic algorithms to improve optimization of production schedules. In:
Proc. of the Genetic Algorithms in Engineering Systems Innovations and Applications. Glasgow: IEE, 1997. 239-244.
http://ieeexplore.ieee.org/Xplore/dynhome.jsp

[23] Pierro FD, Khu ST, Savic DA. An investigation on preference order ranking scheme for multi-objective evolutionary optimization.
IEEE Trans. on Evolutionary Computation, 2007,11(1):17—-45.

[24] Cvetkovi¢ D, Parmee IC. Genetic algorithm based multi-objective optimization and conceptual engineering design. In: Congress on
Evolutionary Computation. Washington: IEEE, 1999,1:29-36. http://ieecexplore.ieee.org/Xplore/dynhome.jsp

[25] Deb K, Mohan M, Mishra S. Toward a quick computation of well-spread Pareto-optimal solutions. In: Fonseca CM, et al., ed.
Evolutionary Multi-Criterion Optimization, the 2nd Int’l Conf. LNCS 2632, Faro: Springer-Verlag, 2003. 222-236.

[26] Shang RH, Jiao LC, Gong MG, Ma WP. An immune clonal algorithm for dynamic multi-objective optimization. Journal of
Software, 2007,18(11):2700-2711 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/18/2700.htm

[27] Van Veldhuizen DA. Multi-Objective evolutionary algorithms: Classification, analyzes, and new innovations [Ph.D. Thesis].
Wright-Patterson AFB: Air Force Institute of Technology, 1999.

[28] Van Veldhuizen DA, Lamont GB. On measuring multiobjective evolutionary algorithm performance. In: Congress on Evolutionary
Computation 2000. Piscataway: IEEE Press, 2000,1:204-211. http://ieecexplore.ieee.org/Xplore/dynhome.jsp

[29] Zitzler E, Thiele L. Multi-Objective evolutionary algorithms: A comparative case study and the strength Pareto approach. IEEE
Trans. on Evolutionary Computations, 1999,6(2):182-197.

[30] Huband S, Hingston P, Barone L, While L. A review of multi-objective test problems and a scalable test problem toolkit. IEEE
Trans. on Evolutionary Computation, 2006,10(5):477-506.

[31] Zitzler E, Deb K, Thiele L. Comparison of multi-objective evolutionary algorithms: Empirical results. Evolutionary Computation,
2000,8(2):173-195.

[32] Deb K, Thiele L, Laumanns M, Zitzler E. Scalable multi-objective optimization test problems. In: Congress on Evolutionary
Computation 2002. Piscataway: IEEE Press, 2002,1:825-830. http://ieecexplore.ieee.org/Xplore/dynhome.jsp

[33] Khare V, Yao X, Deb K. Performance scaling of multi-objective evolutionary algorithms. In: Fonseca CM, et al., ed. Evolutionary

Multi-Criterion Optimization, the 2nd Int’l Conf., EMO 2003. LNCS 2632, Faro: Springer-Verlag, 2003. 376-390.

© RERREBERAIISTET http://www.c-s-a.org.cn



Mo F R MR % B AR AL LSRR 33

i o 325 % S0k

[51 S B A 005 B 24 il G e EAK 2R SR 025 722 411,2001,29(12A): 1868 —1872.

[26] M B AR, AR, S SO o o Rk A& 2 H bR WK 5 R ,2007,18(11):2700-2711.
http://www.jos.org.cn/1000-9825/18/2700.htm

AL (1982 —), 55 W’ = [Tk N\ 8+,
TR A A 2 B AR A AT

NBERA979—), T W w1 T
AR F ARV B, B G A B0 Bl 42

EER(1959—), 9 M & 4w LT
Jii,CCF a3 0y, BEWE AR H AR T
B 2 0 PR AL B

RAL(1982—), 54, 19 o= B 0, = 25T 40
A E ARV B s B 2K

g g g g g g adddaddgaddaaddaddgaddaaddaddagaagdgadagaas
Call for Papers
The 5th International Conference on Frontier of Computer Science and Technology (FCST 2010)

The FCST 2010 conference provides an open forum for engineers and scientists in academia, industry, and government to address
all resulting profound challenges including technical, safety, social, legal, political, and economic issues, and to present and discuss their
ideas, results, work in progress and experience on all aspects of computer science and technology. FCST had been held four times.The
accepted papers have to be presented orally at the conference and will be published in proceedings of the FCST 2010 conference by IEEE
Computer Society CPS. All papers in the FCST 2010 proceedings are expected to be indexed by Ei Compendex. The selected best papers
will be considered to be published in special issues of international journals (Indexed by Ei Compendex or SCI-E).

Topics of particular interest include, but are not limited to

Parallel and Distributed Computing Pervasive, Grid, P2P and Cloud Computing
Embedded Computing and Systems Database and Data Management

Bio-informatics Network and Internet Computing

Computer Vision and Image Processing Wireless Sensor Networks and Mobile Computing
Security and trustworthy Computing Artificial Intelligence and its Applications
Theoretical Computer Science System Software and Software Engineering

Machine Learning and Pattern Recognition Computer graphics and Human-Computer Interaction

Reliability, Fault Tolerance and Distributed Transaction Processing  Other Emerging Topics
Submission Information

Submissions should include abstract, 5-10 keywords, and the e-mail address of the corresponding author and be in PDF format.
Each submission must not exceed 8 pages in the IEEE “'8.5x11” two-column format with 10-12 point font, including tables and
figures[Latex][Doc]. Submitted papers must be original work that has not appeared in and is not under consideration for another
conference or a journal. At least one of the authors must attend the conference to present the work in order that the accepted paper can be
put into digital library.
Important Dates

Workshop Proposal due: January 1, 2010 Paper submission due: January 30, 2010

Acceptance notification: April 20, 2010 Camera-ready due: May 20, 2010

Author registration: May 20, 2010 Conference: August 18-22, 2010

Contact Information

Fuxin Wang, Jilin University, Phone: (+86)-431-85167497 Jianhua Jiang, Jilin University, Mobile: (+86)-139-4418-2151

E-mail: fcst2010@jlu.edu.cn
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