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Abstract: The purpose of the multi-objective optimization is to quickly find out the Pareto optimal solutions which
converge to the ideal Pareto front with a good performance in diversity. Based on the immune clonal theory, this paper
introduces the fitness sharing strategy; and then a new multi-objective optimization evolutionary algorithm with good
performance in diversity is proposed for maintaining the diversity of solutions. The proposed algorithm employs an external
archive to preserve the non-dominated solutions. The principle which includes sharing fitness and Pareto domination is
used to update the external archive mentioned above and select the active antibodies for generating offspring. Moreover,
for enhancing the search ability in the decision space, this paper introduces the good-point-searching approach which
can generate the good-point set with uniform distribution. The proposed algorithm is tested on several multi-objective
optimization problems and compared with many classical methods; much better performances in both the convergence and
diversity of obtained solutions are observed.
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1 5|3 (Introduction)

S TR FH TR AR 22 ) 8 280 R AT DA &
4% H AL ) (multi-objective optimization prob-
lems, MOPs), JIr LI L AJF 5 H A7 5 22 1) Bl By 5
brat S T2 HARULAR i) U & H b 2 18] AH B

Mo, Fr LU 5 H AR 4K A @ (single objective prob-
lems, SOP) A7 —ANEARARAN ], 22 H AR ) 2 1)
T AR & — 2R (Paretofif 4), 1X HL [ Paretofi# 4
Xk IV ¢ 5 % ] (decision space, DS). 1 K —Fl AR
RITIE, B RE RS — UOR MR 13 3] — M 4E, Jf
H I F AT MR AR T R OB T A5 A IX
GESSEZ A AP S URE S N TEA =R X /Nt ALTF
19854, Schafferfe t () 5 - [a] £ P {4 I VEGA
(vector evaluated genetic algorithm) 74 4 25 4 55 —

ek HHT: 2010—02—03; Y& ek H 1#1: 2010—04—27.

A2 H b B R a2 K 2 T Pareto®s 21 (1)
AN B 7 VR0 2 T3 N B SR =L B A R 2 6
PEOR FF g, A3 1k 575 5 FonsecaflIFleming# H
[IMOGA®!, SrinivasfDeb# i [FINSGA™, Hornfll
Nafpliotis$i& H [(INPGADY; 5248 5k LURS S48 B 4y
FRAE, ARk I 5074 Zitzler Al Thieled H () SPEALS)
B o 33k i A SPEA2L! Knowles A1 Corne #2 H 19
PAES® & H: i 3 it APESAPTFIPESA-TI! Erick-
sonfllMayer, Horn#Z ! T NPGA2!'!!, CoelloCoellofl!

TG H RS G TR 2y kB I H (KGCX2-YW-119).
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Pulido# tH [F1Micro-GA'?, Deb%§ $i¢ t 1) 4 5 28 it
(¥ S VENSGA-IBY, 5348 5572 LL 2 3 Ak 3 491 il
B B SN O R AR, Aok RESAN LN
T A g2 SRR USRI 43 A7 Al TF SEVEI OV S804 o 5 N 3]
% Hbsa S0k 5 5 Or A ML, AR A3 S0 i itk
e NDLRR, S A AL B A 2 1) 2 HARLAL el . H
AR REA 2 B AR SR BEIT 5 AR D AR I HEAL Y
B 5 SAHLEIF K s 2 Hbstiie 5 2 His ik
WK ] A g T

B2 H AR DAL IR H e A A bl i 01 24
AY o3 AT T L S Pareto i i, BVRCSIIE L 40 A v 51817
IS 13N BE A R US E  FE pAy A0 27 2 o P )
T SR L RS R B 2 H AR AL )
Hh R (RS S 5 43 A P e, DA 22 H b g v B A
N HEAKELE, G — IR OR A A SRR,
ARHEAL I 7 b 153 2 1 AR SR AR B AR REAR P g AR
SCECA SRR — B S IE R R, A S 1R 5
H KT 6, USR] 52 3 2 2 e B
A5 J0) 43l S AR RE NS REAA. 2 5 G e BE AL 1
PG BTN L 0l Y B AR Tk L. T
0 IR SR A ARG 75 8 SO i AN AL 5 S B R
HL” IR0 SRl M i R U e bR v
D R S 4 T R L B R4S ) Paretofif £ 1
WS PE S oy A .
2 FEABEE (Basic conception)

2.1 % Hstitb nl BE2E 2 L (Mathematical def-
inition of MOPs)
— L, BAfin AR E  mAD HIR RN 2
H R OCAY 0] 8 (A5 /N Tr) 384 4510y ) LIRSy
{min = F @)= ([1@), f2(8), - @),
s.t.9;(%) <0,i=1,2,--- ,q, €))

h]<f) 07j:1727"'7p-

Horp: & = (21,29, ,2,)" € X C R Antfik
R, XA PSRN § = (Y1, Yo, 2 Ym) €
Y C R™Ame H bR, Y hméde H AR5 0. F(x)
H b 25 8 B8 B ST mA ph g3 3 1) 51 H b 1) )
W g;(2) <0G = 1,2, @ X T g M ARERY
W hy(F) = 0G = 1,2, -, p)E X T p ML
KT 2 HARIAL I LA B 252 L

EX 1 WVE € X, B 2 ) r A%
AL Wgi(Z) < 06 = 1,2, P AFRL WA (D)

=00 =1,2,---,p), WFRx Al AT fif.
EX 2 WSR A WX A AT AT i 4l

MRS PR R PTAT IR GL A Xy), WARAT X C X L.
A2, ST, M HAUCAY S (Z.) < fi () (1 <0 <

m)H3fi (Za) < fi (@) (1 < i < m)BOL, BH S
HE, < Ty
EX 4 X AT (04T B, #a  Paretofs:
M, M EACY -T2 € XeffifFa* < 7. AN, Pareto
AR T LLE X h
pr2 {#|-32* € X; : 2* < &Y.

EX 5 Paretod AR LE P+ BT AT AOAE X N )
H A5 J% B 4 R ) it e (1) FR b Pareto i 4, B
PFE{F ()= (fi(), fo(Z), - , fm()) |7 € P},
AR, Pareto i WY & Paretod MU id 2 7E H by 2= 1] v )
4.

2.2 R T FE % R P (Artificial immune algo-
rithm)

N T A RGBT H R B RG T Rern—Fp
BRETTIE, CSLI—Fh sz A= s R K, W2
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Fig. 1 State flow for clonal selection algorithm
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1) B S 7T
NTABERG N, MPUAEREA = {a1, a0, -,
a } S B HRAE T 0T AR IR
Ay(k) = Tc(a17a27 T 7G\A|) =

Tar) + Taz) + -+ + T(a)a)) =
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N5 v LA ¢ 1) v o8 ABLGEL 5 FR A v [ L
B, FE U P I 25 AR AR OG0t — B &= fR b,
SCFE R RS N O T A SIS N A 48 L
37, UL WX TR — PR, L B A
FRAE DTS P S N EE R4 T H 38 W 1R HE 1.

2) W EAHE TR
WC = (c1,00, ,0)) XA = {ar, a0, ,
G V2 R AT B LS 4531 00 5B, % T
PROHATEHEAE T LSRR A
As (k) =T (1,60, €101) =

T (e1) + T (e2) + -+ + T (c01) =
recom (c1, A) + recom (cy, A) +
-+ recom (¢, A) 3)
X H ffjrecom (¢, A)R R Pidhe; 5 4E A BEA A 1

—BENL PR EATIE B, BARSE 1w SO0 — ikl
X SBXERAE, BARERE N 22 30k [22].
3) LR H T
WR = (r1,72, - ,rg) ZEMNC = (c1,¢0, -,
cjo)) &I T A A LUS 45 B PUATE, XA Rt
TR AR T LLER IR R
Ag (k) =TV (rl,m? e r|R|) =
™ (r) + T (rg) +--- +TM (T|R|) =
mutate (r;) + mutate (ry) +
-+ + mutate (T|R|) , 4)

X WL mutate (r;) 2 75 X H A BEAT 22 5 4, H
MR R 225 3R [21)].

(4) JEREIESESE TTS.

wS = (81782, ce ,$|s|)%XﬂLR = (ri,re, ey
) AT AE S S A BBV BE, X Bk SHAT 1Rk
VERT LIRS

Ay ('If) =T° (517827 e 75\S|) =

R (5)

EH, o i 2 H AR e X Pareto- B LA
ARSI AL, s3 (0 = 1,2, -+ ,n) RIS HE
XA, B W%Y?ilﬁiﬁﬂﬁﬁiH‘Jﬁl\%ﬂﬁﬁiﬁﬁﬁ
Hm, #in < m, WARE A, (k); Wkn > m, Wk
ATER U FE, IERE IR AE Z X n AN BUARAE B A5 2% 5]
(R R B, A A A R i e a1 R e B Ll 2
RN, B2 G R B m AU A 1k, B

AZ (k) = TS (S;S;f" S*) =

’n

I R (6)

3 RILBIE M BE I = M (Phenotype fitness
sharing strategy)

T Y L R B 5 1 Goldberg FlIRichardsond

A S /NS SEELT VR — R, HRIAE TR
XA TE. I BRI R IR, AR Z 1)
REEAEA R B N, BT BRI 42, A
(K3 A= A7 ST B AR . SRABKIRD, FEAE A A PEAR 22 1T
BEACRECR BRI, R ORI N B 4% 3 AT I

=1 /fj1 sharing (d;; ), )
£
b foN18 IE AT BUAR S B S FUBE, noly Uik

HERIECH, dij b Buiki by g2 6] 10 BE 29 1 o, LR
Hrsharing () & EE U

. 1—d~-/0'h d,.<0—h
h d;;) = 1/ Y shares i share;) g
S arlng( J) {0’ ﬁﬁi’,, 8)

HA o ghare NILFEZHL, IHUAA L 22 1) OR 45 EE B
LULELEM

XF T Bk 2 1] BE R R R W R SRR
R ILAY, RIAE vl o % () 5 H b s o) B i, LG
Z U278, DebAlGoldbergfs Hi 2 B i i J 3t
I RS BN T DR R 3 R A S SR 2 BT DX
B A 82 RO Bk 2 18] BE B, S BT
PRIRIT AR X6 N 1R 5 R EE 2 TR RR 2 2, gt A 4
PUAARGFN XTI IR H o 2% ) P 25 1 b B

HE54300)

]

ity T FEE LA 1 FEE

AT{TI

U

(SPAERY (N7 el LIES RS R ARenl 113 s )
Fig. 2 Graphical representation of solutions in the variable

space mapped over the objective space

4 PR A I R U715 (Good point search
in decision space)
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Jii%.

15 5%t A 5 SOV 7T 2% R[5
NI AR S YRR A ) H S NS RO AR SR
py (@) = {({re x i}, {re x i}, -+ {ry x4}),

1= 1727”' 7N}a

Horp:

27k
re = {2cos %}(1 <k <s),
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aj, = oy + {ri, x i} x (Bp — o), o < aj < By
VI 3FI 453 ol 245 A R = 4 = ) B ML et v
55 A s VR R G LE GRS S400). 1T LA H,
SVEI AR 44, AT LARIFCS b AT R A 22 1) A3
£, X P S XS LTS A A 4 e 5 B g 231,
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Fig. 3 Comparison of distribution between 400 good points and 400 random points in 2-dimensional space
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Fig. 4 Comparison of distribution between 400 good points and 400 random points in 3-dimensional space

AT SCER19 1K BB T 7 RAE R0, K
RIS RT3 BRI N S B S0 AR IR AR FA
o, 7V AT B D A S R R R BE
#h7e.

5 3E N B L= A v B BV (Immune clonal
algorithm with fitness sharing)
5.1 Xk (Algorithm description)

T . I A 98 b [ B (immune clonal algo-
rithm with fitness sharing, ICA-FS) X H #1554 £x
LA 2 B AR S poAk, 7B ARG th R R 2y
N A ey ) AR SIS B AR (PR A 00 A8 1E
AT S e A AN S A B AR SCRC BRI
N Ey, Wk PUAREIC N A, 2838 %% ol I i ik
R A Cy.

Step 1 Wit S ERE KRB G nax, S
A SR P UA TR BN, WS BRI 5
B S PRI DU AR ) N, v [ T AR RS N

Step 2 ¥liHth. BENLA SHFEA NI Gh T
EHFPOP,, Wk = 0, WIMHNE, = 2,
A =9,0 =9,

Step 3 HUHTAMAESCECHUARE. B BT
POP, 4 S MU SE, i T By FUHT By
G55 38 WY BE 3L S0 SR A IR R SR PR A
BBy, PSR 500 05275,

Step 4 ZILSAERIWT. W Ht > Gax, Hi1H A1
B A4 vp 16 E SR TR B AR A I 28 I Paretodi {1
fil AR, Rl ), Bt =t + 1,

Step 5 WS PUAESRE. WHR|E| < N, WA, =
E,, BT A A0 A4 oh i 4E SCEC B S A R B0
YA S 5 R BAE; W Ey > N, WA
P e B AR SR BT R 3 S0 N B, kR
I e (R N N AR SRS HUARE s Piia S 5 iz
A

Step 6  SLIENIE. XA, BEAT e G ERAE, 13
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FIHEEC;

Step 7 il EA 5 R XPUARECHE1T2.2
TPTIR I AL AR R R A B BUAREC

Step 8 H mHRRIT AP, A AL 4R
R IE T3 572 N N MU AE Dy

Step 9 & Jf bi & WCrHEDA POP.
H:Step 3.

ML AT LU Y, 3R A0 Y R 3L = S
FELL 2B 2 A PUARICE PP AR bR — 2
L ARSI R T Ne, BITE 1 > NI,
3 FF WP L8 AR S PUAR BV IR, o S AR AR
H AR SZC AN A B0 KT 0 A R A
HIE| > Ny, 3800 L8 a4 2 Bk i 6 2
B v A FERX RS IE T, Ay it
L AN AACRE I Lt A0 e, A IR ARl i
ARG L T AF N SN ERAR SCRCHE A, IFAT D s
itk S 5 s e BEERAE. bR b, AE 8 —Fh oAtk
P S, IR N 5] 3 Paretof HiE T4 5
oA

FHX T K 2 BIMOEA ST 24U 5T . 8o H
P22 Ta) R DR, AR R 48 28 T VR S e 5 22 1m)
Fo B A, 1K A A h © 2 5L PS i
Sz FEPSI “IRA” B,

5.2 AhFSAF AR B B KM% (Updating strategy of ex-
ternal archive)

A0 A ST A H KAk 73 21 (1 FF SR
fift, JFB Bt P AL BRI 51T 2R AN K
ABEIRAE. S0 B 1A SEBT (0 B v 2 A 2 1) (AT
B SCRE R AR SR 0 R RS, RS Ry 1E SR
FIRE A B AE SCRCHTAAR AD, 5 2538 21 LU 3511
1) b5 BE 7R RS o, 2) b BE R R4S A
TOM N Z [FCR W I 2%); 3) AhHEAE AR LA 4 N
(C39). SR it T
For each antibody Abin T'E;

Switch(condition)//3] Wi T J& 15

(a) MBI AP AAAEPUA R
HURABIT b ik

(b) AbERCAME R
TR I Ak By i

Case 1: /151
PR AbE B3 NAMESHEAR 11615
Case 2: /15102
If HMHHEAR A DR L Ab
F9Ab; 11El6(a)
Else if AbSZHCAMHBIEAR T A7 TPk
N AbFE 7Bk ADSZ LI PT
;11K 6(b)
Elseif Ab55 AMAHEAA T HTAA TS /L%
N A
End
Case 3: /153
If Pk AbBE SRR AT — BTk SR
EFEHURAb/IE T (a)
Elseif HLAA A FCAMTREA 29T
4, i N Ab I8 74 AbSC I It
145 /1B 7(b)
Elseif Ab5 A4 TP Hi44 G Sl O
R, R AL S AT TR BT
AR = ST NAL I CEPNUE A
AU I B AR DA,
11E]7(c)

End

End
End
K5 AR 23 I AbAL BT E
Fig. 5 Approach to handle Ab when external archive is empty

(c) AbEAMEREE R PR
AL IC AR A B i

6 HMEBEEVRARZS AR AbAL Bk

Fig. 6 Approach to handle when external archive is non-empty and non-full
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(a) SMEHA P AELE DA
B AT LB ik

(b) AbLRCHMTEFArp,
AU b B ik

L

-1 b2

l

=

[+2]

(c) AbSAMBEHA BT T
WL BRI AL i

7 HNEEAR L AbALEE vk

Fig. 7 Approach to handle when external archive is full

5.3 HikE 24 4 Hr(Computational complexity
of the proposed algorithm)

MG SRR, BEAT VR R AR B A M n R (M
FoR R H AR D).

Step 3, 51E M\POP(POP, 1378 /3 4L 1, 4
99l A AL g N (1) A0 F8 R A4S L KA DA N 1) o o
PR A Ry N 0 A R AR mh 28 0] H R SIS 4t
A 1 I 100 5 2% B ]9 O(M (N, + Ne + No)?), % &
BN HIAE DL, A POP 4238 4 JE SCRC A4, T 8
T A1 R AR B dE AT IR 38 I R 3L 2 0 5 R 2R IR
HO((Ne + N 4 No)?); Step 5t HEAT WOS 4%
P, T HO(N2): Step 6F1Step 7t 1) 7E
VMG 0 . AR I TE S 2 LR O (V. ); Step
8T AR RV 2R O(N).

B UL, B R I BB AT % HO(M (N, +
2Ne)?), 53 555 FFRE NG IR 2% (R4 4 S0 E0 R A4 A
fitt SR iR

HAT B 2 2 H AR 5L, NSGA-II
SR T8 AR T2 G PR A F SRR HE 7
Wb i S 2R HO(MN®) B HO(MN?)(M
71 SRR 0] R H BR A E, N AR A R
H, Jorb ] T 90 57 B 2 ok 55 1 I ) 52 2% 5
O(M(2N)log(2N))); SPEAS v ) Ia] & 2% J&
HO(MN?), SPEA2AE Ay Fo of ik e A%, 7638 B J5E
3 BC SRS A A4 A PR B DAL 5k BL AR SO
it AR 1 SR 3N O I REAT T oSk, (HR AR
A BEATS R BOEE (K327 3 PABSSLVE SN T & L) 2%
(ISR At AL T o A 5 A A 1) 22 RE AV, LI ) B2 2% 2
NO(aMN)(a RS E), BREERE 1 T3 TNk
e85 PN AR ECEF S IPESASEVE, BT kA%
P MPESA-TIFVE.

6 LR WIS 45 R 5 Hr(Experiment designs
and results)

6.1 I3k P& B (Test functions)
RO AIE B H AR A R, A AR I o £

KUR, ZDT1, ZDT2, DTLZ15DTLZ23E 47 e St
P ATPE LIS, pR O B S I A Paretoif
W AT 2 2% SCHR[2]. KUR ) 8 ) ok 55 48 5ok 34,
H bR 42082, ANATY i, ZDTIFZDT24 304 1
SeASE H AR 4E ¥ 2; DTLZIMIDTLZ2] v 56 Ax
TR H AR 4E T DL BT A H, AE S s
K i WDTLZ1ME = 3, |27 = 5, X DTLZ2Hk =
3, |z1| = 10.
6.2 ZH% H (Parameter setting)

h T R BT H I BV EICA-FSAE WS ME 55 43
A P T A AR, K SE S 2 B B VNS GA-
131 PESA-IINY SPEA2IIHEAT EL 4. NSGA-ILK:
AT AE SR HE 7 5 ORE 0 OR B e, T8 R R
PESA-ICR H 1 P #6 52 R ke 4 il i 16 43 A1 s
SPEA2E X SPEAP) & F, 718 I B 43 Tic 5 i« A
A o3 A PR B VEAL 7 v DA R A SCC A AR 1) S 3
D AT T et SR S SR I A A — gk
2 X5 2 m A AR 722, Gl S 50k W R

7IN. .
R R HERAHMEE

Table 1 Parameter setting for experimental

algorithms

Parameter ICA-FS PESA-II NSGA-II SPEA2

P. 1 0.8 0.8 0.8
TXNBH 15 15 15 15

P 1/n 1/n 1/n 1/n
BRBH 20 20 20 20

55 ek B RV VE A O S R B R X
KUR, ZDT1FIZDT2n) @, 5775 NSGA-TIHF {4 #H AR
5100, PESA-II N AN A4 AR 35 ¢ & R 100,
() 9 A5 A A H A4 Xl 20 (19 280 H 4 10; SPEA2IN 8
AR TN AN AE G R /N 1005 A SCHEICA-
FSHEAL AR A 100, SMH BRI R 100, B0
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PUARFI20, b0 BRI 4100, 3 E S5 ogpae E
NO0.1. XDTLZI1, DTLZ2 ) 8, 5 iANSGA-IE 1Ak
PR 4200; PESA-TI) A SN AA RIS 15 15 & 4200,
27 [) 9 g 4 H A e ) 0 K H 5, NSGA-THHE
R H200, SPEA2 A FBEAL HE AR RIS 4E &K
/INEE h200; AR SCEHEICA-FSHEAGHE AR BLAS 4200,
AR AR 249200, SO PR A 220, oe [ AR
BR 100, HE S0 gnare B E 40.05.

IE A Bt KAHGmax 4t — W H 4500, X FE X}
KUR, DTZIFIDZT2ix] &, I o £ 07 Al 2 H0s
F500007; XIDTLZ1, DTLZ2 ) 51, 3 ok $ ¥t
UL 31000007 .

6.3 PEYTFER(Evaluation index)

T TR IS VE A A A s S R A 0 1 AT P,
K HIDeb%: A #2 H fficonvergence metric®®/ f1Schott
$& Hh Mrspacing? R AR, & Al T
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