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Abstract: The estimation of distribution algorithm (EDA) is a new type of evolutionary computation approach which reproduces
offspring individuals by modeling and sampling the probability distribution of the evolving population. In this paper, the idea of EDA is
introduced into the immune multi-objective optimization algorithm to form a hybrid algorithm termed as HIAEDA (hybrid immune
algorithm with EDA for multi-objective optimization). It is proposed for solving complex multi-objective optimization problems (MOPs).
In HIAEDA, two types of reproducing strategies are combined. One is a recombination and mutation based immune clonal selection
operator. It performs a local search around the parent population and develops new searching areas. The other is a EDA based modeling
and sampling operator. It learns the variable linkages and promotes the algorithm’s capability of solving complex problems. By analyzing
the searching behavior of the two operators, the paper comes to the conclusion that their functions are complementary to each other. The
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convergence of HIAEDA is proved using the theory of the finite Markov chain. Experimental results on benchmarking and real problems
show that HIAEDA outperforms the outstanding NSGAII and the EDA based RM-MEDA in terms of both convergence and diversity,
especially when solving complex MOPs with nonlinear relationship between decision variables.

Key words: multi-objective optimization algorithm; artificial immune system; estimation of distribution algorithm; hybrid algorithm

Tt RAAERZA I 2 RN L 2 B be 04 #0222 ik 53 2R, I8 2 15 22 I S i 5 i D644 i)
R B 2 A A SO B bR — AN B n AR 8 om AN BN E B BRI 2 B BB AL )8 (multi-objective
optimization problem, &% MOP) 1] ik

Minimize  F(x) = (f,(x), f,(X),.... f. (X)) "
Subjectto xe
o, QeR™ & n 4 v 3 25 ) 1) AT X8R, X={X0, X, ... X} € 29 M AT IX I8 P 1) st 1) &, B AR s 3 F(x) 52 LT —A
1 n 4 e S 2S 18 i) m 4 H FR 2 ) S B 8. 1 MOP 41483 A BIHRAL 35 TS0 L b 58 19 H #r, KL MOP R
AEAE— AN T T B bR R Ik B A 1 iR 2 B AR A RVE I B IR 3R — ARG RN Pareto S ALY
4E 45 (Pareto set, fRjFR PS),fili 51X £ Pareto LM 7F H ¥ 25 [A] Pareto Hif¥i(Pareto front,fRjFR PF)_ L[4 A B A R
A RELT IR NTYE . vESPERIY At

TS 2 HAREAC RS & AT H b5 R G e— /N7 IE R B0 1 H b 2R B, 0L )k s 2 — ki 47 K fig
1338 —A Pareto FARAR bR — R TR ALK B LIS R U775, i T — B A7 vl LU= —41 Pareto
B AU 2 BAR A SRR 2 B T Bk B 2 B 5 38 1) O, 78 S B AR N b R A Bk B B R A
(M. 19 M 1985 4F Schaffer U3k 535 T 5K i 2 H AR il A2 J5 313 25 20 2 40 op 4% [6 2% 2 M 4R 3 1 7 AS [ £
% H ARSI, 1 NSGANETSPEAIM, PESANPISE JE T =l 52 Fit HE J5# ¥4 125 6 LA AN L - S 3 18 1) 22
FEVE GRS 22 H AR AL 53k ) 5 SRR 1,

N L4 Z 4 (artificial immune system, {8 R AIS) e 52 424 G088 FR G0 et BT A2 16— Fb 4 R T S e
R 2 BT A5 R T SR AR D0 AL I A S DA SRR B A SRR AR L R TR L (R R B 2 R DR KR
6 7 IR T ST AS 25 5 BN R T e A T A0 4 A, S 38 A A 5 0 T 1 SR A 22 I B4k ) 8. Yoo A1 Hajala ¥
Sekg ML S N HEL 2 FFRIRAL ST 2 B Coello 4% AJE T 4 va Bk BRI 1 745 — AN LIE R X B0
%2 AR MISAPY L T 40 92 1 48 #5578 Freschi M1 Repetto #2iH 7 —Ff 25 £ A L % % 2 % (vector
artificial immune system, & #x VAIS)Kkfi# 2 Hbr 4k vl #.Gong 55 A 7E ba Bk FR AR R I il B4R T — AT
P S AT B 10 22 H AR AL ST NNTARO R BB 5770 NNTAIY, 556 45 22 1 NNIA Rt NNIA2 HLAT R4
[ 3K fif 1tk g, 76 Pareto B AUMRAE S IIENTYE. T PRSI PE |5 NSGAI 254 s s A1 b, B A B 5 1A 3,

SR I G 2 B AR AL —FE N T 2 HARRAGSEVETE 2 Hi 0G0 T H Aw 25 (W) _E (3 B LI,
T P 35225 [R) (148 28 BT FUJR T SR bk T 80 B b A0 SRR I SR 5 o A AR 1) AN [, 2 B AR AL IR A 55
AR TR BN — A B A AH TLMST 1) 4 JR) B A A T A 3R AR — AL 7E SR 2 8] B3l i — 8 r AR PRI Pareto AR
it it A & 2L R ok, 22 H AR A Ak 1) 1) Pareto 5 It A 2 1) AS A2 AH H 3O (K. 78 B kb 22 F BRI A0 S0 I A 0 B2
SRV TR0 AN Z 18] R AH DGR, BT R R 20 20 A R NNIA F NNIA2 B8R B BRI RN 2 FF P OR
Refie 7, SR AR e 2 v AR E T 0 2% DM AR AN AR A (R A Gk 0 T PR SR AR i 2 AR AR AR R A R I R A %
H AR A 10 78 1 SR fie 0 A

I3 AT il v 85325 (estimation of distribution algorithm, &k EDA)E G0 127 > J7 ik 5 34k v A0 45 & 1071, 55
BRGNS N AR AL AR R T AR T B S0 400 10 3k Ae i s T2 EDA e e i Dy il o
Tl TE AN A 43 AT BF) MR 256 455 2, T oF AL 2 A% 0 B L SR ASE 7= 2 T B B4, T ok e R AT SE I AR B ) b 1b . — LRI 5T
23R ] EDA sKABESE L H bR Ak i) 11 b Zhang 25 A 42 H 9 RM-MEDAR® 2 L4 573 MMEAR
R HACKR R TAE.RM-MEDA 743 FIH T 34 2 B bR 046 inl @ KRS o BT B AR08 m 3ES: 2 B bx
il A, t Karush-Kuhn-Tucker 4% £ 7] %1 ,PS 7F ¥k 3¢ 25 (8] | 1) 4> A0 2 I 20 B 3 28 1) (m-1)- 4 Wi %
(manifold)®.RM-MEDA 5 [ A UL 2 37 22 A 2 M (m—1) - 4E 370 16 43 1) Wk S 0250 43 BOis I e A JE &
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PE PS VB, TS & AN e MR HEAT BEA LR AL 7 A2 S5 AR B B T RM-MEDA 784> % 1§ T Pareto S {5 fift 2 8] 1)
AHI M TSNS TSR AR SR AL e 2 AR Ze MEAH DG S 22 2 B ARDUAL ) 8L+ 23 47 20 AR T RM-MEDA A7 7E 4
AR 2Z AL AE BT I, B TR AT 70 43 W, ARV ) R R AR M M AN 408 5 E A S U, T e o R A AR
BEALRAE 7= AR 1 J5 AR TR AN 5.

ASCHHET R ATBT AL ) EDA SIAN T %2 BArfi ke b R I T — kR 242 A el
A 1) B IR VR 4 4598 HIAEDA(hybrid immune algorithm with EDA for multi-objective optimization). HIAEDA 7Ei%
A AT TR T R F PRl 5 A A SRl — PR 5 T30 SR S I S B I B 57, ) — Pl 3k T EDA IR B RAT 55
T.HIAEDA 454G WSS T 1AL 3 I Ge vt 27 2 J5 vk 23 S R ae v A A (0 22 80 3 A1 R ) 28 SR e S s 28 5
SELVI TSSO B REORS T, I 1 B 8 N 3 e A0 i - B S5 A7 FL S 360 45 R R W HIAEDA 5 % £ H bl b B3k
H1 RM-MEDA AH B 1) 3 W) A0 3, 0 HL 2 o ol A o 2 T A A A Bt AH R I 52 2 22 A A 1 7, G I 35
JeR .

AL 1A ST FIEEAN R AT GV R85 2 TR HIAEDA S3E i fe, B B IE Bk 1
WA, T A0 T PR 1 I AT R 128 3 7 R 1 JU SR B0 1R 45 R T X SV IR SR AR IR B . RSB MR Tk
FEAE I LHEAT 20 A7 28 4 5 gl & SO e sl — 20 T 4%,

1 MEMBMERSHRE

Zhang 55 A\ T FH 53 Bt S8 (1 2 P M2 A B0 2 B AR REREAT A 3Rt T — P& & SR AR 2 2 H pn AR Ak ir)
(] EDA 5% RM-MEDAM A SR ] RM-MEDA S92 v (K @b 7 v 06 5 58 22 H RS A AR S5095 (0 24 i o 4 i
AU R G TR N m AL BRI n 42 HAROLAL 0 2 TR R PS AT DUE R A U T R AR T
VYR
&=cre (2
L M AR () R0 S 2 PR SR A TR (R (m=1)-4E 5 BEE SR e/ n 4E I (EBE AL 75 W) 5. RM-MEDA
K AN 7 BES E 1F) RBE 2R A5 RSR ABLIE T 1) L i T & B
vyt 4K (3)
AN B PR IR R B wI(5=1,2, ... K) & n 445 18] b (8 — AN (m—1)-4 23 BOE Sei % n B 1 s 0 T H
FRAAR W, I n 4 g 35 25 1) (K 2% Be A0 @B 5, 1 2% R T Local PCA B 285 s 1 i Fose &1 40 4 K
A5 ST S? L SN AR B R AN B S ST R MRS W sk ST tho.

Pareto set

Fig.1 [lustration of the piecewise linear probability distribution model
1 Bl MR iy
0 XN S I A, U SRS T AN A (B SRR BT A Bl 7 2 R SR T A e KR i AR I )
A 1 50), H ST ) BT AT PO 1) ST 1) (m—1) -4 3 14 IRV BER K IR o T T AT R A d /b 2k BB P T b @,
il &7
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diJ={XER”|X=X'+ZaiUiJ,aiJSaiébi‘,izl ..... m—l} (4)
i=1
Hr,
al =mirj1(x—¥i)TUij (5)
xe$
b = max(x—x")"U/ (6)

XxeS
HE— 25 L BB @ Y5 m—1 AN BRI U, U, U T PR R R 25%, 75 5] ¥
i —{Xe R"|x=X] +quuii,aij —-0.25(b/ —a)) <o, <b/ +0.25(b) —a}),i=1,..., m—l} @)
i=1
1 DA B FRILAL )0 A 461 5 T R4 2 T A TR 2 37 4 B 4 MR R B (e AR AR ' 1 R I T 2
R RPN 3 25, @, @ M @ 43 B R WA 3 38 TR V7 (070 BOEIT 1 4 PS B M LB w L, w2 fny?
SR DL, @2 T @3 YL T4y FT R PR 25% )5 R T AE 1, 5 ot o2, @0 ML, Wt w2 R R ar L
TP HbIE T B 1 4E PS RTE.

2 HIAEDA &%

HIAEDA SEM BTSSR T 0~1 B p 85 7 X itk A=(as,a,,....a0) I EE— KA
(i=1,2,...,n) F 7% 1R 5% 1) B 1K) 2 A OO S o v 5 72 8 (0 BT [, aoxq ] (D T2, e 555 72 2 () BB W LA A%
%24 vi=min;+a;(max;—min;).

2.1 HIAEDAE LTZHIA

FEIEAR G AR SR T A R AS () 28 R ) A B SR 7 A T AR LA — P 3 1 A8 SR S 1 AR A SR s,
5 A R AR R I AR A S A ) R R R

&£ 1. HIAEDA BVEF .

Step 1. WI4AAk B B AREAL N, RS K S SERESR pon, BB VR 140 1F A AR IS t=1, BEHLI 4G

ACFREE PO IET S L R - B A I H b o K
Step 2. W 1146135 A5 40 P AL, 004 i RS P(t); 75 ), %% Step 3;
Step 3. ZJH:
Step 3.1. 4R Local PCA RSP i R e P(O)H TR A K 28,20 B AR K AT
FHEE S1,S0,..., S, KA 1 45 v BTk f) B 7 6 88 A TR R AR SRR B ot 2
Step 3.2. 4)MC SEHHCRE BB | A TR AR AN EOH NGJER =12, K IEH N =350 NG N
BV NS RS
Ni{Nxvol(yvi) ZK:VOI(Tj)J.
j=1
Horbvol(W YRR FEE S oI AT HURTERT m=1 AN 4057 1) b B 5% 0 2 BE K BE (W9 H b i)
Y TR H AR ) AR (DU H A i) ) SRR AR (A R ) ), Lx 26 o S S8 x BT 4.
Step 3.3. R B LS 1 7 A S AR TREASF AR Si(i=1,2,... K), R R0 5% 2 Brid i) ve e
PR T A S ACRIRE S A0 S LA B N
Step 3.4, RAIBALRAE S 7 72 A2 5 A TS FHROBE Si(i=1,2,... )L bR R w Ly 2w S
BEATRENL AL A R ACTIE ST SRRESUAAN B N2 = N, - NE;
Step 4. 450 S, =1, S1.8, =, S 4 S=S1US. X S HKIAE MLk R AT X 4 HI AL R LT
HEAT AR S A AL %0 p, 19 2SS ARFRRE S
Step 4.1. K52 HBRALAL 7] 8 ok 58 25 18] (1) 4 — 4 1~ 25 B [ming,max, ] (r=1,2,...,n) %43 b n—1 > FIX [A]:
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[0, 1[0}, 4], [, 1.0 ],

Herbming A1 max, 000 05 v YES AR B IE P AAIE B, @f =ming, e, =max,,H
| 0] -0, < €,j=2,...,n,;

Step 4.2. X T4k AR S I BUAE A=(ag,8, ... an), K FEAE— AN FE BRI LABERE pr 04728 S 5 HUAAR A TR 3
r(r=1,2,...,n) A 3k Bl 067 4 o 788 5, D) 565 r 4 R 55 1 2 1) [miing, max, ] ) n—1 AN X 1] B AL
B —AN 08 [w], @),],5=1,2,...n—1R 5,2 o= +rand x (o), — o)) ,H 1 rand 25 0 ] 1
Z VB SEHG TR R U A B r NSRRI a B R N a= ol (max—miny);

Step 4.3. K4 AL 5 545 BB DU AR AL 1805 AR S

Step 5. %E#%:4 Q=P(t)US', KM% T m 3L 4% 51 % (m-nearest neighbor list) (26 £ 7 EM M Q Hrik i N A
ook M B8 A P(t+1),%4 t=t+1,%% Step 2.

7E HIAEDA HLIKP IR 3.3 SR 7 6 T G 8 v Bk 5 11 7 AR 7 25 SR e I B 450 7 v 1) o 38 S TR 453

A A 45 2 R AR 5 P S0 20, R AR R L

B2 mBEREHET.

WK AR TR S;,i=1,2,....K;

i K AN GBS,

K FAREANPRTRRE Si(i=1,2,...,K), 2 AT U0 R vo Bk $ 4 7

Step 1. Pareto MEHFE X Huik T FHE S; AT Pareto 1E4%,1d Sith Pareto S LM MGG N PLAEAEL Y

ML M SN2 )% Step 2;75 ], % Step 3;
Step 2. PRI EEMURL B TS A RE S b AR O 0 1 5 B B A v A gk 9 5 B S /N ) B AR, 4
MM =1, M '>S|Ni/2] JUj# Step 2,77, %% Step 3;
Step 3. SBX FAL AR VKA FFHE S A HUAE Ap(p=1,2,...,M YHAT I T FEALERAE N S AT R £ — A
AFETF Ap IR Ay(q=1,2,...,M " H. g=p), L Ap KT Ag g SARIAT B0 — 3 28 X (simulated binary
crossover, fa #x SBX)Z M ANAZ AR BE LI B — MR T AL
Step 4. PM 28 5 K O F R S; (19 RF N AL A X AL BEAT 2 152048 5 43 4 (polynomial mutation, i #%
PM)®2A =R R AR AL
Step 5. R [FILR: S —{A\A,... A" 3 ARIFIFTA K S/ .
TERE 20 v B AT B AR RN 22 10 AR S 4 A SRR T A0 A ) A P A SR R A R B IR A
SRS S 807 3K AT AE L L (KK 2 H PR DA ST 0 NSGANBIH A T, AT T RLUF A% R
7 HIAEDA S0 38 5 i SR T —Fh 3 4030 B 5 (vicinity distance) ) m 3530 40 51 3 (36 B 7 2 (R 15
A SRR 3 5 M, U m Oy b R B B A I AR R B 5 S Vi, =T, BN ek, LN A i
i BT PR AR RR G EE 25 HIAEDA SHoidkih PR 5 Rk B3 46 1) B AR 2 an ke
B3 5T m BB IR NI R T VA
BN FPEE Q;
B N B R P(t+1)).
Step 1. @7 m T ABHIR N THRE Q h IR —Abik, vHEHAEFRE Q rh iy Q01T IR 2, i F — AN Pk
FEALFE AR B B m IR AR AR

Step 2. AIWi{F LA AT EE Q IMBUIAEE N So. 47 So=N, U4 P(t+1)=Q,F & [B] P(t+1);75 W, %%
Step 3;

Step 3. MIBREANBFHUACMIBR L AT FIEE Q HFARIT BE B B /NI PUIR A, EH U m BT 4851 R P AE T 4
IBRBTAR Ay IRIBTAR AR BE 25,4 Sq=So—1;

Step 4. FHr m HmITARFIR X m AT WHIR DS T HMERPUE Ay BPUE, TR m sk WHIER, %
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Step 2.

SCHER[LLIAER IS EUERA T 56T m S50 48 41 3 (A3 B 7 v B 3RS 3450 43 A1 1) Pareto fe il 45, 38 ik K i
S 4 LIS AT T, T AR5 B B A0 HE SCICHE T 5 i 5 T I B 8 2 (crowding  distance) 4l S L HE R 5 1B
Lo HAT W B4
2.2 HIAEDAE ZHIU STt 47

A LR ZA Pareto SR 2 H bR UL i) 8135 145 BRFH Y (R K 22 H bR AR S5 G 1238453 BT A (1)
Pareto P fiF. H ik, 14k 22 H FR AR AL L I ARAEAT 55 2 B3RS Pareto AL 45 10— A~ 745 R AT IR /R ]
RABE R 50, A SCUF B T HIAEDA S35 DIT 3585 1% el 8451 Pareto SRR SE 4 10— A T4E .

EX L(ERFRDRAYKEE). MRS ZE2—NEREHX=0,12,... & — NS R BENLT F1. 0 5
THrAE I =0 FIFTE 1(i,j)eSxS A LU ¥

P{Xe1=iIXe=1 X 1= 1, - Xo=T0}=P{Xee1 =] [Xe=1}=pj; (8)
TR 751 {x:t=0,1,2, ... & — ANFEARAS A 8] S F 1055 AT BR 5 2R n] FAe . 55 A BR 5 R m] RAE RS — I 2 IR &S
A LR I R PR A A G, FUR A A BE P=[pijls.s 45 I 1A t oK.
TEX 2(RALEETERERE). FRAT BRSF IR 1 Ik ] RAE (5 RS RIS P=[piflsxs A& AN 0] 2 10, 4 S 47
VijeSke{1,2,...},pij(k)>0 9)
o, pii(K)=pxiilxo=i}=eiP e F AT k 26 MORZS | 3 BPIRA J IOMER e B e I 50 i ERISH j 4l 110
RV ) e AN T AR A s SCnT DA H 0 SR A PR 55 IR R T A T B I P=[pilses A IR U
ANHLII).
ENX 3(AEE L), FRAT P AT AT AcP(t)il i 4 12 5L D5 AE ok B wl 3k 19,24 HAL 24
P{IG(A)-A"]., < }>0 (10)
Fo IG(A) R R P A I G 8 e DR A A 30 19 5 AR BR[| A2 K G2 0] 1 1) I 95 Y04, e AT AR F 4L

SIER 1. — A EAT AT FROPRAS 25 18] 45 AN n] A 6 B R B 1) 55 IR 5 IR ] e LARBE SR 1 G PR VK b 1) 45— IR A 1
5 e WG 43 A 6 AIE W L SCHR[23].

T 1. PUORGmis 2518 Hp AT 3 — APk AR PR AcP ()i 2 5 DR 45 11 o BE nTIA 1.

AT A itk AcP()Zid 59k 1 Step 3 I E TR R 15 B EAAPTA, 27 ALt Stepa 48 4811
BENE el B nlIEPipR A™ BT AR A PR A JB 3o G 788 6 R 44 b FE A 0 T A = (8], 8,0 80) AT —A
FEFE a7 (i=1,2,...,n), A Wi 5 a) SARIE J5 0 Y W S A8 i Y IUIE. % = ming+ & (max;— min;) % N5 0 4l
2% [l [ming, maxi] (55 s A T IX ] [0, @), ] 1,5=1,2,... .18 A=(a,,a,,...a,) IIEE i NSEIRAL a 28 fhi J )
({528 & X, = min, + & (max,— min;) &A% A s N IX I [0), 0!, ] UL 1 Step 4 (1978 585 /F ik
A AN LR AL AT AR 5 3 HAE TR A= (8,8,,...,8,) 1055 i AN IEDRRL & 2000 J5 00 7 1 o S 26 i %, 94
ANHF s MTIXN [0, 0] 1 2R po/(n-1). 361, 1 T % V55 X AR I 7 X1 [0l o!,,],0

%% <l|a,, -ol|<e
A AT A DR AR X N 1 e SR AR e Y AT TR T DX i e,
A * h 1 n— n 1
POIA-A 1= 3= () T i 50 Po) "Hj_h+l[1—r1i_1]>o ay
A X3 mI 4, AZid Step 4 (178 545 AR RS ok B AT HUIA A™ DRIk 004 1 4% 1) o T 28— AN
A" TR AP (t) I ik fh 928 56 DA 5 11 ol 2 3k 11, O

EE 2. fATERE N HIAEDA SyEHIFBERES] P(0),t=0 LIREZE 1 Wrim ks 3|2 3 FRpAL ) 3 AR
Pareto AL fREE & 1 — T4 L.
IR TR ARE S 2 H bR AL ), 40 AR o FE R CR HORZE RS W) S af LAYE A IR&E. i TRk
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(92 BN BE IR 1] t 1T A8 Ak, BN R 51 PSR AR P 5 IRk a] t T8 5%, IR AR 3 2 1 7T 51, PP EE 51 P(t) & 78
REZSE S L MFF AT R IR AT B o B 1 o] %0, ARIEE PO M BTAR A T it 4o 328 3 R T DLl BE T A
PUvRgn i 2 1) o AT B — A Podk AT W RS HERE P 4 I FE. IR It HIAEDA SL3L (R BE 71 P(1),t=0 2 HA IE
RS R BRI 7R IR BR T /R i) KA

0% HARALAL 10 85 B8 AH Pareto f (AR 4E & 4 PS,HIAEDA S35 (AN EEF 51 POOMER 1 Wi 83 PS 19
—ANTEESEM T Y totoll X PO ITE MU0 AR AePS ik AegPSNITE PS bR fF7E—A
Pareto f A fi# A i ASCIC AGERE 1 CVZFW] T HIAEDA 030 AR E T 51 & 55 V0 BR 1) /R 1] Sk, BLIE RS 0
B P& IEHERE. B P & IEHBE T 40,P — 2 A AT Y. 5 # 1 W40, HIAEDA S35 R EE 751 L2 1 JCBR ¥
M 45— AR A T 5 B IR UG 49 A T 5%, T2, 24 t—>+ooff Pareto A% A LIBEZE 1 IR P(t) .1 HIAEDA
BRI BT T LR B Pareto SRR IR VE T LA S LUBER 1 AV, ST AcP() P JE.

B G 76 AT 75K 1 6 HIAEDA Bk R BT 41 P(1),t=0 LI 1 #8322 H A5 44k o) S FAH Pareto
B AR A I — AT 4E O
2.3 HIAEDAE AHFE FHERITAHRES

HIAEDA 513K 7 WA A1 7= 26 JR AR AR, I 2 SR BB S 38 (R 7 v o A 7 IR A0 5T 7 148 R
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Fig.2 Searching behavior of the two types of evolutionary operators
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Table 1 Multi-Objective optimization test problems
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Fig.3 Performance comparisons between the three comparing algorithms on the eight testing problems (1)
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Fig.3 Performance comparisons between the three comparing algorithms on the eight testing problems (2)
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Fig.4 Comparisons of the IGD box plots obtained by the three comparing algorithms
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Fig.6 Water level to volume curve of the Ankang reservoir and the inflow volume on August 28, 2003
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Fig.7 Pareto optimal dispatch obtained by three compared algorithms and box plots of the hypervolume metric

K7 R FHIE R Pareto s DL B 45 SRAE AR AR 15 bR 0 I X L

AR s % B ARAG ST 3 Al 51N T A0 A A T S5 b Ak P B HEAT SRR 1 JE AR B T — Rl
KR IR 2 H A4k in) BB KIR AL 5L HIAEDAHIAEDA 454 T W S8 HEAL JUAB KA o5, B T 42+ 2 >0 O is
SRR SR PR IR W A1, 2 2 22 B AR Ak i) 88 5 AR R () () S R P A8 AR S S £ AL AR R
HEAT JRi 045 22 114 ) B FF e 140 9 2 X . 300 3 5% A [ 288 20300 3, i 2501 7K 2 973 9 0 il ) 47 B0 S 6 &5 SR 32
HIAEDA S5 (W Rl L 7 BE WS AH B A 1F, 26 AL AN R B BER 35 1R I 4E F.HIAEDA S35 0 SR vk e 3 AN
Z2 T Eg B AR T A Y R 28 20 [ 0 L 2200 NSGAIL FT RM-MEDA, AT 45 KR v s A B AR LR VA LI S e &
H ARACAL, Ta) B3, T FLAN 25 5 B N R 38 e A0 HIAE DA B35 060 - R 2 0 1 I3 B Bk vk s A 2

ARICEHIER RM-MEDA S3534 R 1 7 [ 52 591 P AN 508 S o B0 1 2 1 M R AT 20 o) 5 O 2 I
% H AR Al in) B, 7 AR (R AN B 1% 5 ) RBUAH DG 1) DR 0kt 2 R 0 i) 0 4D AR e 1 3 2 b A S S AR A
H A — U E L

References:

[1] Deb K. Multi-Objective Optimization Using Evolutionary Algorithms. New York: Wiley, 2001. 51-71.

[2] Fonsecay CM, Fleming PJ. Genetic algorithms for multiobjective optimization: Formulation, discussion and generalization. In:
Proc. of the 1st Int’l Conf. on Genetic Algorithms. 1993. 416-423.

[3] Deb K, Pratap A, Agarwal S, Meyarivan T. A fast and elitist multiobjective genetic algorithm: NSGA-II. IEEE Trans. on
Evolutionary Computation, 2002,6(2):182-197. [doi: 10.1109/4235.996017]

© HEBEERAET hipd/ www, jos. org. cn



REE F AT 5% EEH EDA 6RA S B AR ik 2265

[4] Zitzler E, Laumanns M, Thiele L. SPEA2: Improving the strength pareto evolutionary algorithm for multiobjective optimization. In:
Giannakoglou KC, et al., eds. Proc. of the Evolutionary Methods for Design, Optimisation and Control with Applications to
Industrial Problems (EUROGEN 2001). Athens: National Technical University of Athens, 2002. 95-100.

[5] Knowles J, Corne D. The Pareto archived evolution strategy: A new baseline algorithm for pareto multiobjective optimization. In:
Proc. of the Congress on Evolutionary Computation. Washington: IEEE, 1999. 98-105. [doi: 10.1109/CEC.1999.781913]

[6] Gong MG, Jiao LC, Yang DD, Ma WP. Research on evolutionary multi-objective optimization algorithms. Ruan Jian Xue
Bao/Journal of Software, 2009,20(2):271-289 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/3483.htm [doi:
10.3724/SP.J.1001.2009.03483]

[71 Castro LD, Timmis J. Artificial Immune Systems: A New Computational Intelligence Approach. Heidelberg: Springer-Verlag, 2002.
57-86.

[8] Yoo J, Hajela P. Immune network simulations in multicriterion design. Structural and Multidisciplinary Optimization, 1999,18(2-3):
85-94. [doi: 10.1007/BF01195983]

[9] Coello Coello CA, Cortes NC. Solving multiobjective optimization problems using an artificial immune system. Genetic
Programming and Evolvable Machines, 2005,6(2):163-190. [doi: 10.1007/s10710-005-6164-x]

[10] Gong MG, lJiao LC, Du HF, Bo LF. Multi-Objective immune algorithm with nondominated neighbor-based selection: NNIA.
Evolutionary Computation, 2008,16(2):225-255. [doi: 10.1162/evco.2008.16.2.225]

[11] Yang DD, Jiao LC, Gong MG, Feng J. Adaptive ranks and K-nearest neighbor list based multiobjective immune algorithm.
Computational Intelligence, 2010,26(4):359-385. [doi: 10.1111/j.1467-8640.2010.00363.x]

[12] Zhou SD, Sun ZQ. A survey of estimation of distribution algorithm. ACTA Automatic Sinica, 2007,33(2):113-124 (in Chinese
with English abstract). [doi: 10.1360/aas-007-0113]

[13] Larranaga P, Lozano JA. Estimation of Distribution Algorithms: A New Tool for Evolutionary Computation. Kluwer Academic
Publishers, 2002. 101-142.

[14] Costa M, Minisei E. MOPED: A multi-objective parzen-based estimation of distribution algorithm for continuous problems.
Evolutionary Multi-Criterion Optimization Lecture Notes in Computer Science, 2003. 282—-294. [doi: 10.1007/3-540-36970-8_20]

[15] Zhou A, Zhang Q, Jin Y, Tsang E, Okabe T. A model-based evolutionary algorithm forbi-objective optimization. In: Proc. of the
2005 IEEE Congress on Evolutionary Computation. Edinburgh: Incorporate, 2005. 2568-2575. [doi: 10.1109/CEC.2005.1555016]

[16] Zhou A, Jin Y, Zhang Q, Sendhoff B, Tsang E. Combining model-based and genetics-based offspring generation for multi-
objective optimization using a convergence criterion. In: Proc. of the IEEE Congress on Evolutionary Computation (CEC 2006).
Vancouver, 2006. 892—-899. [doi: 10.1109/CEC.2006.1688406]

[17] Pefia JM, Robles V, Larrafiaga P, Herves V, Rosales F, Pérez MS. GA-EDA: Hybrid evolutionary algorithm using genetic and
estimation of distribution algorithms. Innovations in Applied Artificial Intelligence Lecture Notes in Computer Science, 2004,
3029(1):361-371. [doi: 10.1007/978-3-540-24677-0_38]

[18] Zhang Q, Zhou A, Jin Y. A regularity model-based multiobjective estimation of distribution algorithm: RM-MEDA. |IEEE Trans.
on Evolutionary Computation, 2008,12(1):41-63. [doi: 10.1109/TEVC.2007.894202]

[19] Zhou A, Zhang Q, Jin Y. Approximating the set of pareto-optimal solutions in both the decision and objective spaces by an
estimation of distribution algorithm. IEEE Trans. on Evolutionary Computation, 2009,13(5):1167-1189. [doi: 10.1109/TEVC.2009.
2021467]

[20] Ehrgott M. Multicriteria optimization. In: Lecture Notes in Economics and Mathematical Systems. New York: Springer-Verlag,
2005. 31-41.

[21] Kambhatla N, Leen TK. Dimension reduction by local principal component analysis. Neural Computation, 1997,9(7):1493-1516.
[doi: 10.1162/nec0.1997.9.7.1493]

[22] Deb K, Agrawal RB. Simulated binary crossover for continuous search space. Complex Systems, 1995,9(2):115-148.

[23] losifescu M. Finite Markov Processes and Their Applications. Chichester: Wiley, 1980.

[24] Zitzler E, Deb K, Thiele L. Comparison of multiobjective evolutionary algorithms: Empirical results. Evolutionary Computation,
2000,8(2):173-195. [doi: 10.1162/106365600568202]

© MEEEERRAEIFTIT hup:/ www, jos. org. on



2266 Journal of Software /34 \Vol.24, No.10, October 2013

[25] Zitzler E, Thiele L, Laumanns M, Fonseca CM, da Fonseca VG. Performance assessment of multiobjective optimizers: An analysis
and review. IEEE Trans. on Evolutionary Computation, 2003,7(2):117-132. [doi: 10.1109/TEVC.2003.810758]

[26] Knowles J, Corne D. Properties of an adaptive archiving algorithm for storing nondominated vectors. IEEE Trans. on Evolutionary
Computation, 2003,7(2):100-116. [doi: 10.1109/TEVC.2003.810755]

Ff 1 3252 SRk
[6] 285 £5 28 Wi, M W W 1y S 34K 2 B bR 0 A S L BT 9 3K 1 2% 41, 2009,20(2):271-289. - http://www.jos.org.cn/1000-9825/
3483.htm [doi: 10.3724/SP.J.1001.2009.03483]
[12] kA e BT o A Al T B9 4R . B Bh 46 22 9),2007,33(2):113-124. [doi: 10.1360/aas-007-0113]

BLE % (1981 —), 55 90w i 1N T8 A E7T(1988—), 93 i+ 4F, 3 LA ST 48 N
Rz, 3 TR A A B TSN T S B Z H AR,
R,k Re v 5. (8 E-mail: julyhurt@126.com

E-mail: gi_yutao@163.com

X 75 (1963 —), Lo, # 4%, I 4 7 i ,CCF
i g B, 2 T ST ) 4 A AR S
Ak 3,28 i P A 2T B TR

E-mail: f63liu@163.com

EFR(1959—), I, 1 b B0 1 LR
Ui,CCF gk 4% T4, 3 TERF L 40038k 4 g 18]
A o 20 P 2% AR T S LA 2 2T
E-mail: Ichjiao@mail.xidian.edu.cn

XU 5% R (1987 —), 2, 1 L A=, 32 TERF U 40U
KA R .
E-mail: liule870720@126.com

© HEBEERAET hipd/ www, jos. org. cn



