>

A SR 3L

LT E%%F‘ﬁbfﬂu?ﬁi EGIC X %
HIFIR % % B R RSa LR O IR0 FER

Searching Solutions for
Constrained Multi-Objective Optimization Problems

Using Particle Swarm Optimization with gradient information

BRSNS KRS T80 [ER S X 7 o Tk
2120019  ZRJECHK

T8RS WF e 8%

RHEA: A7 (2025 4F)2 A






E11$ﬁn®7% .........................
R1I2AMEDOHK . . . . . . .
RIIAGHSCDORER . . . .

£ 25 ZHImE{LEEE & B E
§21 ZHIRBEILDO SL— RN . . . . ..

B2 FEEBFEERCF—Z2OBEA . . . .. . .
§23fAD SL— EOEHH . .. ...

FEI3= ZHOEBILORN PRl
B3I PN FRIREIL T VT Y RL . oo

§32H A H 2 HEDR FRERE( . . . . . ...
B33 ZHMR FRHEE . . . . . o o

E41@%%%ﬁbt??ﬁﬁ%m ................
R 4.2 I PHST = HACMOPSO . . . . . . .
R43ZHINCBIAAMDIREH . . . o o o oo

B5 5 EXRFRLNICEE

LB

RE1BUEESROBIE . . . . .
RE2FEBRRC Z20 . . . .

ii

iii

iv

13
13
16
19

22
22
25
28

31
31
34

37

38

39



6
.2 1EEREALR 6
B.1 PSODHEBITN . . . . . . . 14
B2 PSODTEEDEEA . . .. . . 14
B3 PSODTERTIE . . . . . . . 14
BA BIFDENE (22 F 42) « o o o o e e 14
W1 Griewank BEIEN . . . . . . . 24
T 5 24
W3 Ackley BIBR . . . . . 24
........................................ 24
BT zdt2-MOPSO . . . . . . . 32
B.2  zdt2-AIFAI MOPSO . . . . . 32
5.3 zdt2-AFECEZ MOPSOl . . o 32
b4 zdt2-AFLFRAE MOPSO . . . . . o 32
Bh zdtA-MOPSO . . . . . . . 33
B.6_ zdtd-AIFAIMOPSO . . . . . . 33
5.7 zdtd-AIHECEZ MOPSOl . . o 33
B.8 zdtdA-IFFAEMOPSO . . . . o o 33
5.9 2dt2 B F500-FFER . . . .., 35
.10 zdt2-F—F300-FRB . . . . .., 35
Bl zdtd B F500-F08 . . . . ., 35
512 zdt4-Bi—F300-FRB . . . . . 35

i




il




CE—E&

il

PUR ARG IZ B W THW SN2 HFE L il 5 DX LR 2R

G E=)
fEfA p
AT v T m
BRI BT % kL BEH O FOAE k
B HRE(LICBIT % kFH O T OHEE vk
B H R8BI 28— Y FARZ b Tpbest
B EERELICBIF 52 71— VLR Z b T ghest
0~1DT VX LE r1,T2
BT HEROE IS B1T 2 3 E DIEHRE w
PR= FILRA MDD IR T 2 EHA a
78— LR MZIAD D T d 2 EA 2
AJBLIEEICT T 2 EHA cs
Rl k 2 TIZBWT, R p 29888 F OfEz iz b /NE LKA 1,(k)
Ak $TIBWTHE £ OfEZ RS /NE K LEERES 2 2ORA | (Q(k),1,(k))
iR p D NERIE & Up, Vp
VNN T AP S AT
il Pi» Gi
LJBLIE R VE

v




IELC®HIC

§ 1.1 AMEDOE=R

W, AV Pa— XY AL TV RADRREZ, N—Fvx7eY 7 vz 70EickD, X
FXERGEHTHELRARE LT Twa. R, WHEEN DR L7 13 ) X4 DFEHIC
o T, KRG REECRIEICHS 27 7a—F25 R L, 5 -C oI L
TW3., LD, DO TR ST\ & 5 R EIcd 7 7o —F T
X2 L9k, BHTEIRITREEZ SRR EMOTEPZHICEHE > TV 5.

HFTdH, KR 7 — X LRI, RPN B W TEELREE 25
TEBD, IRy L TORELEMOBEMEEFHINTVS. 722 2R, V—v bty
P —2H—bE2ADERICED, BRREDOR ' F—XRBESRADBNNPRD LN,
NoDF—Z2OFnSEGMAREREZME T2 72D121%, FEEICEE TR 2 o b i
PR INE., 5, TRy 7T —XOERIZED, NWENRE KL T —XE&
Ty b — 7 HEBREINIEM L TED, (RO 7)) X ATIEEIRERHESXEY D
RN RKREREEE 125 Z 220,

7z, BFEREIETRESSZ Y =7V Y I BIcBV T, KRR I 2L —2ar®
T =R OMBRDOENE S —UPEZTED, 5T 2% RELFIEDORFE
W, ETETHELrE-TWS. KiZ, T3 AF—HEBEORBELPENEEICEB T 24Kt
M, GBS AT A0 Y, EBEOBIGICEI) 2 Rl bE T, 2 < Ofilfsa=e
AT OHENEEL, MEDBRTEHIEFICHL LoTWV3.

ROV a—ZFEMMCBWTD, ZhSDRERRIRT 27D RREEY Y —
2L REBAHRETH D, /RO 7TV X L TIEEHEFRE BRI DR R 25 RE
ERBGENPZ V. FHC, IS ORI KR T — &2y beERoT B LT
FRcEAcdH D, FTEEOHME HICHERENZICE L, BHEMRIEMNICHELZE2 Z
CHOREEIC R BIGEPHEFET D, Lizdi->C, StEERZMRINIEH L, HERHE TR
fRe RO 27200 RFEIRD ATV S.

COEOIRERERE X, HHTEILLRELIER IS 272012, K FitHREL
(Particle Swarm Optimization: PSO) 72 ¥ OFHIFEICHE DO 73 ) XaBFEH SN TE
h, HEMMHIEZZ K OFEBORMEICBWTEEHENTWS. L L, PSO D &5 ikl
FEZ, RFRERICHHES VX 7%, FHROIGGEEDNE 2 2 ENIMA L U THF
ET5720, INOOMEYRETE7-DDILRAWENPVEL TNTWDS.



§ 1.2 AHAEDE

BEHE RE L RTE D fRIRIC B VT, TERDRIE LT IETITMEIRDHE U VT 7 D3 7
XD ICRoTWAS. R, EHAROMETI, BHROEMIMHEK T 2BRICHD, Zh
5 & [AR IS REL T 2 HERE U REERZ V. FlZ1E, BEESPYRECBITIS2a Xk
CLEIROANS VA, TXAF—EHICBIIARBAMLE I FDITHEVWRY, BHOH
ERFERIGZER T2 2 eaRkD 6N 3. 20 kD REEIZZHNREELREE LThLL R
MENTED, ZORPIIBE TN MNP ERIRTH S, T2, EROK
B(LFETIE ZA S OIS T 26, ftEaX FeREOHTRARH D, $h3AY%
fRIEEROTZ DT ETHRE L Lo T3,

AFEDHENE, 25 L2 HNEELMEEICEWT, BT v S THRMNCRER %
KOBZEDTEZH LN 7Yy NEINS AT LEZRETEITHS. ZOVART
L%, ZHPKN FEERE{E (Multi Objective Particle Swarm Optimization: MOPSO) 7
NIV AL HEEREHET 22812k, BROBEZED, RHEEZHNET S Z
rEREELTWS. ZHIN FRREIE, 1ER KL D2 HNEELLHRIAT = RoE k&
WERRFEE LTILS HOWLNTE 722, ZOHKRECHIFISF DU B W TIHK
Re LTHEMKRINTWD. KT, BRRMNERERICIGELLTVWE WS REEH
LTEBD, NSRBI 2 2 TEEa X MRS 2 WS RENTEFEET
3. ZOREERRIRT 27012, KR TIE, M HRECICAEFREHAALZ LI
D, RTDEERICHED > THRIBHTE 2 X512, RAEANDMREEZIE>5-D,
X OB EPIRE B2 e 2HIELTWA.

¥72, 2L oEMBRORELHETIE, BEEROREICNZ, %X FRHGFIZEE
D oNnG. Bz, BEHEICBT 2 TERELS 1 LF —EHICBI) % i b fE
T, aX MORE, VY —XOHE, REAMRRY, XFEIERERZRFICEREL
FTRARENRDH L. FIT, PSOITBEEN 7L XA FERC, $IRSt 2RI HD
BRWFIETH 5720, B AT 202 HINERERETRIED X 5 2l EHE 3 2 MEZ
BHNCHRE L =D DFHEIMER I TV [1] 2] [3]. ZOFHICIE, Woz AT EICR
LT D B35k @) RFlf 2 EM U758 GRE OETIEE ¥ eic T 21 E0ER I N
72 [H. ZHBIFHMTHENRG TH 50, HREIEEHKFT 2 22 ickhd, R
SIRPEL R 2MERH 5. OFEL LT, RFILT 4 BENLLHVSLRTWS [E.
LD LGS, RIAT 4857 A —RIC KXo TEFERIENZE LSBT ARY, KT X —
ZOEHUCHTS DD 5 [6]. % 2T, HlRSEHZEMINCED %5 7oz, LRI
FEI PN FETRE D 280 28450 LTI U 7287 72 2 S B2 Rl SIS PSO 7 V2B L
7z BEBZE TV ZEBAT 5.

DEDZITE, ATy S THo SRRV RODPZFHLLAAL T v REJF>
2T LB EEOZ HNREELEEICHEIG ST 3. D% b E RRHFISAAT = R b it
U EEEH T RE b TR L 7 L2 ) XA RIER L, sk e AFED A =X
LEHERINCE D X IHAGDE 22 ERL, RS R T LDNEEMZRED 70—
VIR IERICHE DOV THIMER 2 EHTE 2 2 e 2R T 5. ZhrfiikT s 22T, £H
B L AN AGA B ZIT S .



§ 1.3 AN DEE
AREHSNIRD L DI I 5.

F1E AMKOERLHIICOWTHAT 3. BRTIE, SBT3, BEETEXITR
IR % RN iR S i O FTFEICOWTHA L TW3., HI T, B2 RE(LRE
D RPN AT T B LRI DO W TR T W 3B,

F28E ZHRRECREE L — Mg, REFRERYF =IOV THIT 5.
B3EF MRl el e Z 8 L FRRELICOVWTHAT 5. X7, ZHIAT

HREICOWTHAT 5.
AT BERFIRE LT, WEHEHZZE L LHRN &2 B IR RERai ki oW TR
T5.

EBHE REBTHE, XVFv—IBEICHELT 5. LT, ERTHRL L TAFRD
REFIRC I > TRONTMERPIARTH L e 2dild 2.

FOE AMCICBUISHIEITONEEZTLHDOD, KL TR TE-Z L L S5RDE
HIZHOWTIRIR B,
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§ 2.1 ZHMZE{LD/NL— ME

HE, ZHREX LARLZHNA—LRY, "ZHI 2 WS FEIVAIVWA b S XS
WKHoT&ERE, ZHE—DDIRTLH20VEHEEE N DD R - 7= BRI LT
HEXHEZ2LWVWHEKRTHD, ZOSEIHVLNALIERICZ, HHEN=——XDEERZ
ﬁmtmamtﬁﬁ®%$Mﬂmtm5,ﬁﬁ@@%ﬁ%@«@ﬁmﬁﬁwgmé%ﬁ@
gnﬁﬁ)

ﬁ@ﬁ@ﬁ%rﬁﬁ@@ MIAVWEFRTHRO R X %KD 572D DEEETFETH 573,
ZE AL DS, REMANT—20 BN Z R/, FRERRNICT I2RERZIRETS 2
e o Tws. ZHNRECMEEICH LT, oMU EOHMEBORE & T
—ODHWBRIZ T 3 EA T X —XiER, —ODOHWBEBOAZKL, ZhLA O H
BAR 2 HIRISRIFICE X2 5 e filfER Y, 1EROBHNTFEZICHL X5 &3 2 ik
DV ORI TV []] [9] (0] [10]. ZHSDFIEE, EARIHEROBIEN 7 7
0—F2ZHNRELICERAL X5 23250750, ZHNERELOARZ IZERO HIE
ﬁﬁf@bv RA 720N T VRAZEENE WS HIZHD, [EROGERTIEAT

TNTHBGEMZ .

—7, ZHWREILOMmIIOWTHZ , HRNBEHBETO ML — A 72T XX
VR AMBICEE LT, N — MREEPEELZBERE LTEFohTws b, —fKkic, Z
DL — MpEEZHE T 2BIIEBED D, WU GEFEEZZENH T2 ME L 72
5. ZNFTIZ, ZOBIUAEPRET2BBICBOVTIE, 7 X—XEXFEINCEE Lk
Mo, BHANRT X —RER ¢ HlIRTEEZED R UEH T2 SWT %72 & O FERNFEDIRERE
ENTW3 R, £/, BRREZEDODNVFWIREZ 7 7« Bimz HWTERE L, o

M FEZEAL LS LT 2lMED TN TVS [127] [13].
2 ZCEZBMNRELME L L — MRICOW TS 5.
ZENRBE{LREE

PR A (ZHNESELME)  F 2R OEE T 5
FE{r|g(z)<0,i=1,...,m} (2.1)
Y32 E. RO p DB

felx), k=1,....p (2.2)



. e FOHEPETRIZR/NPELH L.

ZDZBENRELEETIE, —RICTRTOHNBEE fi(z), k=1,...,p ZRBHCHR/N
FTHZLIITERL. LA, ZALDMIC L — FA7DBGRYED 2 2 L BMEOARE
TH5. LEroT, HHUEKE COmHAZXK > CTHEHNEBETE 57511/ LT5 X
N LT AU B 720,

NL— b RiBEfE
9, pKITEBARZ bLa, b BEIOFRERGRE,

a<b<<= a;<b(i=1,...,p) (2.3)
ERAAS

a<b <<= a;<b(i=1,...,p) (2.4)
TERTD. 12770, a; BIUb &, TP aBLUVDFEIBRETHS. T,

f@) & (fi(), ., () (2.5)
L35y, ZHNRECEEICBIT 2EOEBBIRIIRD LS ICEEINS.
« EE1
T, € F 2T 5.

a. f(z1) < fr) DEZE, 2 1 da TEBRTZEFS.
b. f(z1) < f(z2) D ZF, 2 1 F 2 WHWEKRTERT 2L 5.

H Lo Dy IWEELTWARHIE, 2, DIEID 2, KD RWIRETHS. Lo T, IF
DOV BRI H BRI N VB IBRNZ C B AFIETHI L EZD.

o &2 (L — MEEfE)
rwEF T 5.
a. o ICHWERTER T 2 2 € FAFELRVE E, 20 25583 — MEfFE L W 5.
b. 2o BT 2 2 € FRFIELRVWE Z, 20 % (5R) N — MREFE WS,
c. EFEDz € FIZOWT f(x) > f(ro) BIADIIDE &, 0% (GER) BB VD,

HRBEES =D (p =2) DIFED L — MERDE] & EBE RO 6% X 21 & X 22
RS, MR, KERDSS L — PR E, KOBHERDEE L — MRS ZRFIUR LT
W3,

ERICED, RBEMARHIIZFNI R — M RBEETH D, BRI T 2R, #
NN DAL — M RBERIZFEE LW, LD -T, S — bRl 3R b rE
NS 2R AHENRROEETHIEERS.

¥/, S — MREBSEOESZE, —BIC TSL—Fr7ay b TR, Bt
RICBWT, IRNTONL — MglfiEds Z ORifR L& 5. Sv—r7vy ME, &
BLZERINTOBEROENBERD b L — RA 72 RTEERMZTH D, FEIE—D2DK
HfRE R T .

REMZZHRHECEE LTZEHN Ty 7Yy JRIEZHAT 5.



/ A
o o ® °
AT g %/Mtl o/® o
3 | *'¢._Weak Parcto-optimal _ . . ®
{E{&B /é.. Y ¢
fl
£ 00 - FYNT)
21: XL — ME 2.2 EEEIR
2N F Yy Yy IRE
ZEMNF Yy Iy ZREIE. BEROES
E ={ey,eq,...,en}, (2.6)
HRORBEDOES
V: {’Ul,’Ug,...,UN}, (27)
BLUEZRDOMEDES
cW = {cgl), cgl), . ,cg\l,)}, 00 = {cgp), cép), . ,cg\’,’)} (2.8)

BEZ BNERE. KO () 5 & R () 2T ELEOBNES B CE 2k 3
MY LTERLE NS,

fi@) =X, ol

maximize : (2.9)
fol@) = 25, 6
N
subject to Zvi:vi <K (2.10)
i=1

CZTC. K3 Fy 7y 7B A XTHY, B 2, ZRDEIITERIND .

1 ifez-GE’
7 = (2.11)
0 1f€Z¢EI

T, Fy Ty ZIGGEDIAD I LD TEZERDBKEEZR T A XL, K TF
XN, F, R(ED) EFy TH Y ZIEEDIADREBRZEZRLTED, FEACIEL
¥ U CIRRE e R OMIESTFES 5.

ZENF Yy Iy VI INSDERE D ZHAGHLETH Yy ¥y ZICFEDAL
X, ZORBEOMPY A X K ZBZRWESICLZ LT, ZAZ2NDfEDRARA & 7%
% KO REZDMHAEDOEZRD 2ZHNEELEEE VWS 2R TE 5.

PRI CHIGNTWAHEN Iy 7y ZH#EE B 2 5%, 1 20BERITHL 22081 E
DENFET S TH5.



§ 2.2 EBRFELARVFI—IDER

THET, T%, BER RELZEZLL0EMEICBWTZHNREEIL 7 L) X L0065
NMEER RS Z e MG I TW3 [14]. —5 T, BIED 4 M EoZEEisE R
f [1H] [16], BRZREZERZ > KSR E LR [17], B2 2O 2 o R b
i 18] [19] [20] [21] [22] & W o PR Z HRREL 7 v 3 ) X a05EF 8§ 2 @D
FETH2ZEHWMEINTWVWS. 20, BEFEOHEEFEDOZETIE, 0K 5 RN
R E B DEMERIE L2 HWNEREE 7 L2 ) XL DOBFEPEWEILEEDTED,
2R E R LR 2 F517) L 72 NSGA-IIT [23] o RIS i (L RS & $51H L 72 WOF [24] @
X212, FFEORMEEBICBVWTEWEREZHET 2 713 ) XA REINTWS. 2
NoDZHWERHEIL 7 V) X LOWREFHMETEICHWSOLN S DNy F v — 7 HETH
%, Bz, EEOMULWSHIREL 7 L2 ) X A0S T, DTLZ 25 ¥ Wwoiz
—HOEHL RN F~— 7 MEBIC X 2 ZHWREL 7 L3 ) X 2 OFHfi2HE DR LITH
NTW5. RETIE, 1990 FK0 5 2010 FFRE TIRBRINLHBEFEOR Y F~— 7 [H#
YFEOZ HWESEIL 7 L2 ZAICOWTHRSIT 3.

1990 FERICTEH STV 2 2 HIEEL 7L 2 ) X 4 0B ORIE, <L —
N ERBE R I I D  EIRFEAM » ZREIEHERF CTH 5. L — MEBBER T, UTD LS5 X
M HE MU LT, X (213) OBIRMR D Lo L Zff a l3fif b 2 BT 2 L ER
5.

min fi(x), fa(x),..., fu(z) subject to z € X, (2.12)

ZZT, fla) 3MXITTHIIRZ b, fi(z) 3mMEE s i & HO BHIBER, o 3REZE
BT by, X I3PREZERZERIN T ORIT R RE 2 7R .

Vi, fi(b) > fi(a) and 3i, fi(b) > fi(a) (2.13)

Thbb, fald. WINOHMNIZBWTHEDbIZELE > TELHT, RETH—D2DHMIC
OWTHEb XDENTWE., 2O %, faldfb KDL LICENTHNS. —/HT,
DODORONZ FELOBBRAL LR WGEE, FA53IEL L Jidh 3.

A RZHNEEIL 7 LT Y X AT, SL— MEEREBRICEID L —b 7B FA
fREGZICRZES. LaL, =V — MREFEEIEONEHI A TWARWD, SL—t7R
¥ FADPCRWEE LW, 2 2T, 1990 FRICHHBICHEH SNz F 2 — 7 RIED
Frtens, o pIfr ) — MRFEIREZ HNEGE(L 7 L 3 ) X2 OMHE & ZHICBEE L
TWAZERT. o0z ENT 3

Schaffer
Schaffer ® 72 FEEIZLL T O~ >0 HIBEZ H/IML T 2RIETH 3.
min fi(z) =2  folz) = (x — 2)?, (2.14)
subject to  — 20 < x < 20. (2.15)

ZDTFAMEEEZ, B—OREZEE x ZHWT 2O HWBEEOE 21T B~y 7
~— 20 TH 5. NPGA S NSCA DM XY, 1990 FRUICIRR S -2 B E#Eb
7Y X L DERMRE R T § 2 J- DI X 7.



Schaffer 7 X FETII (L — 70 Y M EFHET 2720 DMWIRMEREIZ SN E 2 <,
NL—r7ay b FRERBBEDHTDICRERLRD. 20 XD RERITHMAR
JEL Y — MEFERIEAZ HIVREL 7 v 2 ) XL DR —8T 5.

F3

F3 13X & 5 icEMb 2 2l = 2 BER/IMERET S % [26].

min fy (v, 72) = iU% —2r1 + 3537 fo(w1, ) = 995? — (21 — 1>27 (2.16)
subject to  —20 <x; <20, —20 <z, <20, (2.17)
22422 <25 32, -10<0, 2 —22+2<0, (2.18)

RIZ, 2000 FEEICIRR XN T2 SPEA R NSGA-II 2 ¥ ) — MRFEEIE 2 A L -2 H
HmE b7 v 3 ) X a0%, HMPRZHNEEIL 7 L3 ) X2, Sv—bh7a v b
ANDBWINEEZFSZ e BHsN TS, ZNS6D 7Y X ADMWRETHIIC WS
TeRyF—ZBEI3 L — 70y hADICRAH L WIERZ L &FhTwnd. &
2T, TNHDT A MPEDOREHE LTZDT 7 A Mty b23D 5.

ZDT 7 A bty MIZDT1 25 ZDT6 O 6 FD 2 HiF/IMUM@ED 55 7 A bt v b
TH3. &7 A FEEXMRPARER 2L — s 7a v b, RiREREEL L — 7 a v
FNDOTFEL Vo 2B 2R ERD. £z, EZHOB N *HHICEHE T2 Z & 2AEE
THB VIR ZRD. NSGA-II DIREH LTI, EEED AL F VA D ZDT5 ZFx
W ADD T A MA@ 7V X A0MWREFHIICH WS, Z 2T, ZDT1, ZDT2
WKOWCTHEERITS. 2O RO XS icEbEh 3.

ZDT1
min
fi(z) =2 (2.19)
I
o) = o) (1= 25 (220)
where
9§: (2.21)
glx) =1+ — X, .
N i=2
subject to
0<z; <1, fori=1,2,...,N. (2.22)
ZDT1
min
fi(z) =z (2.23)
T
o) = afe) (1= 25 (2.21)



where
9

subject to
0<x; <1, forve=1,2,...,N. (2.26)

2010 AT, HIVED 4 DILEOZEENREILET, L — MEREFGEN—2DZH
IR L 7 LT XL DERMFENR RT3 Z e pMEI w3, 20k, HIEE
TEIEENRER T A MNIE 7 L — 27— 737 v 3 ) X 2 OMWREFHfIC AW S 4
5. TUBWEHWNBICR r —Z VR T A MTEEMIENS. ZZ2TE, RTF—5 71V
TRAMNIETH 2 DTLZ TA Ly FMZOWTHET 3.

DTLZ A Ftv bk

DTLZ 7 A bty M, HIEZ BHEIZIEERGER 7 Mo 7 X ME#ETH 5 DTLZL 26
DTLZT IZ X > TSN 5. Zh oD 7 A MEEIZ, L — 78y FDIBIR & HRERHEK
2l & 1C#ETS % Bottom-Up 7 7m—F LI 3 HIETIERRE 5. 2 2 Tld, DTLZ1
ZH LTHEZITS. M HO DTLZL 3L FD X o ICENbLE N 3.

min {fl( (1+g(x H cos(xp) H cos?(zp, } (2.27)
fa(x) = (1+ g(x H cos(zp) H cos?(zp) (2.28)
(2.29)

fu(x) = (1+ g(x)) cos(z1) ] ] cos* () (2.30)

ZZT, gx) BUTO LS ITERSI NS !

g(x) =100 (z; — 0.5)° H cos(20m(z; — 0.5)) (2.31)
i=M
LESESEN
0<z, <1, forh=12_... M—-1 (2.32)
0<z; <1, forj=1,2,...,d (2.33)

PEZEBUINBEZE S L CHEEEER e WIENh 2 oDV —AIEEng. 22T, fif
BEBE 1, HBEHERE 2, RT. ZNPROREEBOBIINEEED M-1, HEEZE
B Ny 725, RL—r7nay MIVEZRZMHH L CE S, HRREBIIEREE
ZHOWTEGEN SN 5. 4FE, DTLZ 7 R bt v M. HypE, NSGA-III, MOEA/DD D##
R, ZHRENREGICE T 25E R T, ZHNREL 7 L3V X 2 OMERERHi
BRI TV



§ 2.3 BLADNL— MEOBEHX

N — MEOBHREOH DS, W OrDOFELZID B, ZOMEZHNT 5. LIRT
T 2 FEIEZNENDFF ORI E A IC X - T, FftfMEICB W TRERE
BHIT 272008257 7 n—F 232, ZHNRELEEL RS 27201201, M
DR RD B RO EZ + IR L, @WUIRTEEERTZ I eLAEETH 3.

BHINTA—RE

BHANRT X —XFEX, EEOBNBEEEHE—0 BHBEBICZHR L TRE(LEZITO HiETDH
%. BRI, SENBEBICEAEZMIT, ZAsEMEME LTEL®, /MLE7-
BRAET 2 VWS 7 e —FThs. HWNBEROMENZ RN T 2MEIERD X512
x"IN5S .

mxin Z Wi fr (%) (2.34)
k=1

T, XEFTHY, HATXA—K w, ZIROEHZHT-T -

we >0, > wp=1 (2.35)

ZORERR L, L fix) & gx) PMBEETHIUS, <L — MEERO—ONES
na.

€ FIFDE

e HIRIEE, HEO BB Z —2o0 HMBEBICEI T 20 Tld k<, b2 HWBEEE &
L, tho BB EGIRIZGEE LTS HiETH D, 22T, —o0HIBEH fi(x)
DAERMEL, Mo BB fi(x) (k#1) Z2E ¢, THRILZ2H S B/IMERIEE L
TENMLT 3.

min fi(x) (236
FIRIGEMERD X SRS h 3.

xeFNo, d={x|filx)<e,k=1,....,0—-11+1,...,p} (2.37)

IDEIITLT, ¢ 2EIEZ LD, XL — MNEEHRO—DERDZ I NT
=3, —fRIZ, S — MRERIIME—ETIEIRL,, SL— T+ REESLERNEEHRT 3.
PRDEA NG X =R EB LS e filRTEDOHFETIE, NTX—XZ2EZIRPHED R UM
BRI Z 212k, XU — MBS ZRD D Z e TE DD, AU KRG ER
BN ETHZ. 22T, L7 LT XL EZEHHT 22T, SL—rREESE &
DEIRANIKRD 2 HEEEZ 5. FIZZ, R 7ra ) XAk, £EZHOTERD
HEDOHNE70, (L — MRS T EEZEN»OMRINKD 2 Z e BHIRFENS.
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EER 7L X L

EER 7 L) X403, MEORE DG ICRFE S, [LHEHRERZE U G U@z
1§25 HEe LT, bR L HushTwad, Zheo7ral) Xalk, B
MR DELERICHFE I N DT, MRz ER L LTk, BRIRIEZET THZ
PR L, b eiTs. e 7 v X L20RIX, R 853, X
ZEHE R RBHNCHRRTEZ L HTH 5.

T 2T, REWRENMH 7 VT XL THEYI2b—T 4y K+ 7==1 ¥ 7 (Simu-
lated Annealing: SA), B 713V X2 (Genetic Algorithm: GA), B2 n = —&#E b
(Ant Colony Optimization: ACO) , B X UM FEHEEL (Particle Swarm Optimization:
PSO) IZOWTIE#T .

SA

SAZE, VAT BI 2P0 E L OB L - EtFETH D, BEL VIR
FEAL, ZOREES FLGIITEIIC&D, ERLUIUHIBRESCEDFTF LN SR A
WIE L, MR RIS VWERBFEZE . SA TR, RO = 1oL F —EIZ
HEONWTH LORDRZIF ANEER SR E 2. BRI, BEDORE «, HiLWEE o/, Z
NOEDIINVF—%% AE=FE(')— E(z) £ L7z &, ZIFANFERP IIRD L 5 1cRX
ns.

1 if AF <0,

exp (—A—TE) if AE > 0.

P(accept) = { (2.38)

CIT, TI3REZEL, MERRAETNSES. BEOEHMILLTD X 51T 3.

Ty = o1, (2.39)

ZIZT, aldmHARTHY, 0<a<1DFMIZHZ. ZOWIARIZED, BEDKTHE
FEDTRE 5. #5720 L O DIRECTZHE XN 2 MDD HREM X D DA T USRI ERS
L72bDeEZR, ZOMRERBRL Al UIEZKT T 5.

GA

GAIZ, BRERCBEOEME ML g7 A2 ) XA TH Y, FkBEE L4
3L ko TIREMERRT 5. CAOEERMMEL, BN, 2X, R, 5IUER
BETH 2. [AKIEZ ORI [(r) CESOGERX NS, EIRARICIE. L—L v b
o b —F R Y MBIRR A SN, AL, 2 O DBUEK 21 & 2o 70 SF LUMELK 2/
BERT 570 Th N3, SUREEN, BETO— % T 3R THITEN 2.
BlZIE, —HEXTERD & 5 XA b,

2’ = crossover(xy, ). (2.40)

KX & o TRON D FK 2/ 1, BOBEHREHATDEIH L WIRHE 72 5. 284
ZHIL, EROBLEFZ IV XLAEBETZHETHS. ZORMEITED, FRREMOZ
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U ERE DD, il eERT 2 ZeHAAREL 2 5. BT v B RARE R X 2 1(E
WERDESICRING. T2, EAREEZEZ THERIIMOBIEL LEXRZ & 2 TH/hXW,
BEROHBICERERZE I L TWVWB L 7 VA LAIXIEROBEF2EAHB L TWEE
JTHD, RELREEEOLNVELTHS. BHOLIHD2SH 1N TRESINS

T, = mutate(z;). (2.41)
ACO

ACO 1%, RO 7 ) PEHERET ZBOBRKIERD HiEICe v N 2ERERTFETHD,
EBEOT7 VD, BRLZEGI OB I T2EWEMTHEE T AREERDOIT2DIC7 21
EVENLEHRTEZHVTWS, 720 OERBEIXRTERINS .,

Tij<t +1)=(1- P)Tij(t) + Z ATi’;(t) (2:42)

T ZT, 7y EERT @ 2 HERTH j FTOEMCTERZ 72 0EY, p 37 2 0 E Y DEKEK
m BHRETS 7 VOBERL TS, 7= e OEHRN AT (L) ERATHET 3.

1 if i j € Ly,

ATz‘k' 1) = ¢ Le® 2.43
J< ) {O otherwise. ( )

DL, FURLABRERBEICHBEINE-HD, 7z20F 2 0WHIYERHEST
HOoD@ -2k E~—F 755, MOBEEZO 70 0BEERZREAL, 7x0F
UIMZBVEEIER T RS, TOLIRNIERERD Z L THREMRICIGRT 2 Z & 28
55,

PSO

PSO &, BN D% DK F 23RN ERIERZIRR T 2 FETH 2. B FIINE «; &
B, Z2H5, ZOMECHEEZIFZRONTERSND.

PE = gk gt (2.44)
US—H - wv}’; +an (mlzjbest - x’;) + cora(Tgbest — :EI;) (2.45)

ZZT, wiBEHEEA, ¢ & e 3FBBREE, i 2o (0<r,n<1),
p \IRIT i DIEAANRZ MME, ¢ I ZRIEDRZ MIBETHS. ZOEHRNICED, K2R
FiifRIc s | 2T o oD, ERORHERICH D> TELL TV, Zhso7ray
A%, B RECEEE RS 27-00FBERMHELTEDY, EHRox Ty
F V) AIHEILEETH B, ZOHTDH, PSORXZDY ¥ FILIHEE L @S WWIGREE 2 5 1F
HXhTwa., X512, tomEbFiEeHAGHLERT L, N 7V vy NFEEHET
58T, XokhiMEER LPHRFTE 3.

ZAUT kD, RO R TVE VST XYy PO®ED LT WD, PSO IS
HIRELD 7B W TIEF IS IER Y 7o T 3.
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ZEHNmE LD FEERE(L

§ 3.1 MFEHRENLTIIVIL

AR, BRFUCB T 2EH MM RITEI 2B L - RELFETH 5. K, B
DN, OB, TVDan=—RkY, [JxDEENELVHEEEL X EVRNS, 2K
Y U CTHEME R ATER RGBT A RIS VwWTWwWE, o7 ua—FiF,
BT H MM R R T A BIERH LT, BERREITS 2R TH 5. HrcDz—
VxrMX, B — o TEIE s, BEILRY U CIERICEE RITH 2 EH
5. 20D, fMirO—y Y VPEEZENZII2=Fr—>aryz2Rokied, W
NG > CTHIERIRZZERTE 3. ZOHCHBRNRE X2, HAREORD EIIRAT
HY, FRCEMETHNZRRRICB W RN BREREN 2 HET 5. BAIEZTEH L&
LFIEX, FICERRERORE WEMZBEICN L TEMTH D, RFTZERICHS VU X
7 %R O0D, MRNICHREREEIRRT 28 EFi>oTWwW5b. ZOHTH PSO L, #EHIRE
BRI LRI 7 L2 ) X2 0REWZFiEE LTALBHIEATHL S,

PSO 1%, HOHDR T OREDERYE 2D 27— 7 OREED HiBEDHERN HE
& U7 MR LA TH D, 21 HRXAATENCE D W TR S L M HE LT R T
H5. HEWHELFTEGEOM G ERS PSO BT 2 EENLRELD 2 28], TE
TlX, PSO O®BEMRE LT, @AM FHRELe, BROBENEEET 22 N T8
it (Multi-objective Particle Swarm Optimization: MOPSO) 7 ¥, X F X RIREF
EPEREINTVS., TNHDOWBIZED, PSO IR SICEZHELBBEICHIETE 2 X512
%D, ZOWEAHPIFIERL TV 5.

AEITIX, PSO 713 XLDFEARMZ L ZOIEHICET2EE R Yy 271200 T
U 5. BfRINCIE, PSO oA, IR E PSO, o HWERHELIZBIT 2
NRU— MEOBERICEREZ Y TS, 2o DERITPSO 2 AW ad{bEE ORI B »
THERNEB KUOEERNRBA» b BHEREEHZR-THDOTHD, &£y 7 pRbEF
EoEMM Y BRHEHEZIERT 27008 5.

PSOTHZ L CTHREIT 2V OITHEBE L7273V XL TH L. BrkhiEws:
W LTETFMUEL, MTAEEELREICB) 2 RfEEZ R L TW5. BEOH DR 753
bORROERE ZDEMOREHED HIBEDHEREZERL, X HIZZ0EMADKK T D
NEBIUOEREZEHRTLI X TEtEEIN S, DIFNICPSO Of#i 2R3 KED. Z
ZT. PSO OEZRBEAR M SEE L EOEHK LD, SHFIREOREOERICHD S
71, BHORFEMHEICTD S J1, ZHNETOETHEANMDD TID3DDOXRT v LEEKL
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PSODEH e pbest
XKL = yk kL o >
d d d (’Q (’g xX
vEtt = ovl + an(xfy, — xb) + or(xgh — xf) Kk . ? >
X g gbes (&
[y—  { 7
Eikes /“Tr/\% ¢ /[/k )
. Qe +
xk A x%, :p-best(F B DB E DR B EIK) ‘Vz
vl R xgb:g-best($®¢maaiﬁfﬁl1$) pk+1 O (=t
WEBEIE 1y, ODBIDRTA—E 1 & e+l xk+1
C1, Czigjﬁ%/fa)‘_g xl
v o o v Te
3.1: PSO O &EHi 3.2: PSO DR DIET
PSODEHEFIR o . o ey
L]
STEPL:[BEN D FHA L] & Particle DAL B x,; & E v, DELETHHIET S ‘e, .“l. M
o0,
STEP2:[F{Hi] & Particlel XL TR/MELF=L\ B BB BB (x) EFHET 5 oo Y,
L] L
STEP3:[pbest DEHT] : L o :
ParticleD ZNETH R R {Ef(pbest) LB TS, HL(REDL(x)) < (] ., L
f(pbest;)Ebf(pbest;) = (fﬁﬁﬂ)f(xi))kl,, EhITpbest; = x;&£F 5. L4 L) ® ° \. S
STEPA: ghest DEHY L—T 2D BRRE(ghes) ELLET 5. L ol s T T Lo .
(BRED(x)) < f(ghest)fibgbest = x;£F 5. .. M B " .
L]
STEPS: (R LM BOEH )R TEEEEHL, QX THELEHTS IR A R
-100 4 e 20gen
STEPG:[#2 T FI B E &= ETSTEP2ICRY ERBYR T =T <5 & % T 30gen
S Je. 3 L
p . >IN U X s 3N »
3.3: PSO OHERFIH 34: MTOEE (22 + ¢

THENRY PVZIREL, ZHRZIRICRIHBET 2 EZRET 5 [29].

[L’IZ—H _ ml; + Ul];:-i—l (31)
v;f“ = wv;; +ciry (x’;best - $I;) + cor2(Tgbest — $§> (3:2)

T2 TCal BHFONME, of 3HE, o JEERE, o & o ZFEERE, n & rn 37
VELBEMETH S, PSO OHEERY bLIX, pbest IZAID D RT bL, gbest IZ[AID D X
7 hv, ZLTEREDEITHENCHEDILS R FLOEHRIC X > TIRESINS.

22T, PSO OB AX N NHEE L MBEOEHKNID, poes WCKHADD cr(af — 2F),

Goest W12 D coro(a) — ab), THETOMETHENEDRD wof D3 DD F/ﬁ%é\pﬁ
LTHERZ ML oft! ZPUEL, ZREITICKICKBEN Y 2N0E o7 Z2RET 5. PSO D
BRAZ T VX LB R EA, FFRICRRIFERTD 2 prest £ Goest DHERIHVWELT
L WVWORENEZBELTWS. PSO DERTFIEYL %2 LIRS,

PSO B3 20H%51%, ZOFEBROKEICE T 2 b 00 oMW 2 T,
TIHZ L BEINTWED, —KiZ, ZEORITO/N WEFRIFIRIEICN L TiE, BE#HR
DT X=X ZHEUNTRAE UL, HRAIRIER X R EEEDERRAIRET H % DIt
LT, ZEZITOREZ LRI LTI, ©3 L REBWEELS#IHE X KD S5 zn
ZeDERMEIATVWS BU. 22T, ZHITTHHBHIREZLREETH-TH, HIHEEHR
WHE R HIRSRE e TAMETH 274 61X, £ O E O KB RER & L IIRh
RE R T X 2R Bl L 2 [E87 < 2 & D3AJREZR PSO 12D W TS 5.

F72, PSOOEHRENFERET N AKRL, FOEGHLERAD L,

dle,t(t) . /O ¢ [F (2 (1), 7) + Oy (), 7)] dr (3.3)
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RBETNEEBATLIENTES., MAMOT2Z2I12&b, LI

Bap(t)  dxy(t)
dt2 a dt =c [Fp(xp<t)7 t) + C(:Ep(t), t)] (34)

FRZNZROBME, £ C BUFO X512k 5.

Fy(@p, ) = 1 (xp(T,(1)) — xp) (3.5)

Clap, 1) = ca (x(t)(To(t)) — ) (3.6)
ZZT. T,(t) ® (Qt), Tot) HIRD XS ITEFEEINS :

T,(t) = arg mTin {E(x,(1))|0 <7 <t} (3.7)
(Q(t),To(t)) = argmin { E(z,(7))|l¢ =1,..., P} (3.8)

(¢,7)

T,(t) D ER L L7 2 i & D, WA 7 = 0 2 BRI 7 = ¢ o ige ] X F]
[0,¢] LMK p OFE x,(-) WK U TEE B 2EHliL, BRI ¢t ETofic, Zok/IMA
252 2% T,(t) ZEBRLTWS. BRZ 7 = ¢ 3T BEERRRZLR L L TR A% 428
t320T, EORMEZGZ 2R T, 52D t DBEFE LT T,(t) L TH 5.

%72, 2By AR TR ZERRERE TV OIREBER R %

w(t) = a0, 1) = 22D 4 1) (39)

EBWTEAT 2 &, HERURERRICNID U 7Bk O NERIRERILE 71,

dup(t) B
e auy(t) + vp(t) (3.10)
Wolt) _ 1By up(0).8) + Clup(t). 1) (3.11)
WEONG. B, WL v, 13
vp(t) = d%§;t) (3.12)

RN BWNEIREEBE T LB EZ 6050, N (EA) D XS IBWEES, £
EMRR D FE(L DR Y F = — 712 BN T RKIBHIEGE D FE BB E D o 772, 3 (B)
PRI TVWS.

ZDES1IZ, PSO Z N ERDOMRDN CHMRL, EHRETAVZEHT LI LT, EX
TCOREIC S & D BEICHNTHIGT &, MR mEZ EH S 2 e AA 5. 2D %
T, \EHIHTH 20N DFEISITOWTIIERDOETHHNT 5.
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§ 3.2 HKHDHBIHEDOHFEREL

Z < OBEMR oRELMEE, Bl HWBEROR#Ebice ¥ 53, HROHIRIS
tEelfl- S REDH 5. ISR L, BoE@YERR, M, F72038B0 IR A
THAETDHIE2ERTE2HDTHD, ZHEHEHAL THERD B Z LITEITAATRER R
WEBFRE 3. Hlz2E, FHHEEICBVWTE, FEIEED 0NN 5h 3
RERDH Y, X SICEFRPLRE OFFINIKR I NS Z e B — KW TH 5. BRIk, #
MDY A4 XREX, IR, #iE 0t 220 2R a X b iz 85I
LR, INBHEERIRV K IITEHEIERE REL LR T IUIR S R0,

Bz X, BRI = RECEEIERD XS ICERIND

min F(z) (3.13)

subject to

pi<zr,<gq, i=1,...,n (3.14)

RLFRHRIE(LIC BT D HIRISRAFOI D Tk e LT, A Lliufn &b FREsoi b p31e
REINTW2., 7 7a—Fe LTRE, FFERIINT 2T 4 2T 25,
M7z k2R & 5 271K, % LTl BICE DO W TR FOFMEi 21T 5 75
B EBEToND. ZhHDHEICED, PSO 73V X LIFHIFISM 2 S RANCE R
Lo REREIRRT 2 Z e alee 25, UNChlZRT.

BR EADTE)

RSl F 2 B A 7, R OMEZHIRSEFOEREFICEOETEBIET S 22T, &
RZER 2 FIFI SIS PN BRI E 2 5. ZOBIEZBIERECHEFEE LR, Bl 2
X, KFOMED LR ¢ 22758, ZOMER ¢ ITRES N, MR p; 2B 755
Ep KEREZNS. 2T KD, RAIEHIRIEEPAICINE 2 £ 51272 5.

R A MER o, = q CRE (3.15)

FREBA B EE o, = p CRE (3.16)

KT DM EBIEGEE, FRELIETREZBIZEEICEDEIICRET 27253720 T, &
LERIEFEICS Y INTHBR LT W WHREDH 5. —5T, SHBIWCK FOHKIDHR
Wi 258, RMIEEFRICRD MW@ kD, REMEERT2EEH1IH
T 5. FRZ, SIRISEEDE L WSS, MR FUGEWEIMCEF L TL £ 5548,
KEFWZRDFRCEACIAD BN VR I DBEE 5.

Rt B EADREEE

P FDHIFIREZRZ 7258, BEERYRIEIE 2 22T, NFE2HEBEANICREST LS
123 5.
RERREDIBIETTEZ. RO LSk S .
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P2 ERZBZ 72356, ZORFDOEE v, IZ -1 2L, RMGHEICHEPDES.

MEEERORE: v, = —v, (LRZBZ 256 (3.17)
RIS, RFTRZBZZLSES, #HEIC -1 2R ETRNGAENCEDT.

MEBIEROEE: v, = —v, (FRZBI 7256 (3.18)

UKD, BRI RFE L COLOHEMICR S 2 e TE, RRZEMEZHINES
SEDZIENTED.

COFEDOMF[E LTE, FFAREFUIEELBRICEEZ IEEXE 5 Z 8T, i
PINICR 2 EZDPHATERNTD 2 RMBFEITONS. 612, ZORKEEBIEICIZ
T, BEOX VY FRBECHIRERIEZ1TS 28T, Nro#Ez X hiEsricL,
RPEFIE T OB LRI AR ELIZ ZIMWA 2 N TES. Z20D7D, K255
WHREICN S &, BEDNIRY 2 7 MR RB 122D, PORPEL Z2 W5 7
AV FERETZ RN DD 2.

NRFILT B

RFNVT 4 HE1E, HIFDERICH L TRFILT 4 ZERTHETH S, RFHHIRE 7 X
RWGE, TOXRFILT 4 BE HRBERWCIE S 2 2 & T, §lFEKR O ERREZER D 5
S35 ICkRS. 2T KD, BB bIEFIR 2Rz TRIED S KO WE,INSE. L
T4, fREBZ DR TEML, RFATAHOBEAZFLT Z T, filiE
ROEE?aY ha—)LTX3.

il S

pi <z, <q i=1,....n (3.19)

Bl LI VIGEIC T ERFALT 4 B RDEDICERTES @

n

P(x) = Z [max(0, x; — ¢;) + max(0, p; — x;)] (3.20)

=1
ZDORFILT 4 BRI, BE x;, DN ZBZ 2581 RF LT 4 2MA 5. BARKH
=

o 1, >q DA, RFNVT 4 2, —q BMA S
o 1, <p; DFE. RFNT 4 p—x, BMAS.

i 22 THEE. RFLT 42 3¥ae kb,

it Bh, RFAT4ETE, RELIXRZHNEBICRF VT A HZMZ S, Z
Uk, HlR R X RVIIERF LT 4 DRI, SRR SEAEL NS K
21T 5.
BIEXN/HREEIIXRD L5 iIcRENS

min (E(x) + pP(x)) (3.21)
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ZZT, plERFAT 4 RET, HIRGERICH L TENTZTRF LT 4 2T 02T
BRIR=RTH5. @, p IIEDEL, THICKERECHKEIND Z T, HlfE
KOE/MEENZ X512k %. RFVT 4K, fRSEGEEZINCERS 2 BHE
BUCHHAAL Z 2T E, MEFEORELL7 LIV XLCHBEICGEFATE 2. Z0kd, &
MR HIRRE 2R ORIETD, RIVT 4 ZBMNT 2720 CHEBICHIK Z B8 L -t
MARETH B, LOLAEDNS, RFILT 487 X —RIZX o> TUIHERERIE L BT
BIE, T X =BT 2N D 5.

IR ERTIRET IV

HlFA & Bl L 2 B < 72912, 52 o7 B NRHIFIMEEN T o MEDZE L %=
YL IFRE AR Z ATV, TS K D BRI O R ZR =R I~y B 795, D%
U X o T, HIRISRMAFP BRI DA TN, RE(LFEDERFE L L THERSNS.
Wiz R IRAIR ARSI T, PSO 7 A3V X A% 2 Z EAAREE 2 D, K D AIRE
BEBERERR TS e TES. 207k, L NRHERIEBMPANICHEOZE R 22541 LT
AR U 7o W72 R AR 2N IRRIR PSO £ 7 V2l L7e TEREET V) 252 5.
IR R ENE TN R T 572012,

Y g+ piexp(—yi)
%—ﬁ%%—1+wmﬁﬂ (3.22)

EBL. TIT, z, FHRIN FRECFTEOZRTH D, v ZESIFIFEIC BT 28 Lwv
TRTH 5. ZREHCTKD, O v, ZEBBEOFH L WER ¢, KEE#Zoh, Z
DEHIT XD, HilFIZMAEH HRERFFEENCHAATN S Ze e k2. BRROHK
L, LT LS iciddEns.

E(ﬂw)zla<f<%+p“mpbyﬁ>> (3.23)

1+ exp(—y;)

/2, pi=0, ¢=10DHE, BIE. —2—JFLFxy VYV —2OHHNEKTH I VD
W3 7EAL RBEKTHD, fi:[-00,00 — (0,1) TH3.

2D & D REH N R L, fRSES RS - EHIRE—EE 2D, PSO 7
LTV XLZEHAT 2 7-00M%[ENEES. PSO 713V X alX, KTEsR/METREH
IREEL E(f(y)) 2R L, BolifRz R 28T, ZHRoZHZEMICB T 210 E
CREREHT 5.

ARFEFEDO T RF AL, BEEHIC XD HIRSH 2 BRI ZEE I BRICHAAD Z & 23
TEZHTHD. ZHUTED, PSOTNLITV X% ZDEFMATE, HIRISHN & R
{LRIREC BT 2R EZNRINATS e 3AJaE L 72 5. FRHZ, IERIE OFIRISE M
OMEICBWT, 28EEE WS 2 b THRENE R X, HEHIK PSO 2 & 2 RiEf#
B[R 12 5. — /T, NSO EHRBEOFICREN T THAAEN 5720, il
K a5l U ROBERI ML R2GE0DH 5.
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§ 3.3 ZHRNFEREL

MOPSO &, ZHIRE(LREZEL 72D SIN7 v ) XL TH S, Uk, B
—DHEERERT 21ERD PSO 2R LD DTHS. MOPSO ® HiIE, EEOHEHE.
FIRFCEREIL S 3 Z 22k o T, B2 ket —r7ay b eMEN B3 IEZEIROES
R0 THD. £, FREBPOBRURMATH 2IELMRERIFT 72012, 7—h4
TEMEINB LRI NV ZHET S, ZLTHEAEHEOFT TOREDME gbest 7 — A4 7H
DIEL IR HFEE T 3.

PSO ZBHHIBERTEH L=-HEt 7 L3V XATH D, FF I3 — =22 b
MIRZERNZ R L, e Ao 2MHHATH 5. SR FIZEHT B O 2K
DR E D LI ROMBEERET 3. —J, MOPSO TIXER® BB E B 2 0E
MBHB7D, 70— 2L RZAFDFERPASL— 702 FOBEHIZEHEL LA =X 40
BIMXNTWS., MOPSO AR L — MEEEEZRDZZ D TE 55, PSO &I[H
CHER e LT, REERDZ KD EBEBINCEIERBOHEAR L, Rt Nz
% e BRI b o TW0WS., UIRIZ7 L3 ) XA L%ERT.

MOPSO & PSO t Rk, BERICHT L m XOTORRZEM 2B E) 3 2 R o e R
2, BEOFORRMBOMBERR o). € R" CHOATHET 281 — MEDLBEHR
Tgpest € R™ o TN bL ok e R™ ZAR LU THZEHRRL, RAEINTIRS 72 Tapes
DEEZ N — MRHEREG E THFIETH S

RO ITRR MR Npy RIZETEERL N RIFREBERARME NI, ZB0EL, o), o8,
vk DIHREZRATS. 72721, p BIRREERS. r IMRERAESEZRT. 2, 1 <i< Ny &
HIFRMEA CTHEEIERITIRE L, 250 = 25 (1 <0< Np), Goest(r) = (i) (r=14,1 <7 < Np),
v(P) =0 (1<i< Ny EBL. Goest(r) (N;+1 <7 < NE NV IZOWTIIAAEZE £ 72 7,
RIF AR Ny &35 WA ETIE Ng =N, TH 5.

n BRSE(LEE (n > 1) 2556, BRA 2, 13 n HOBHNEBEZROOT, £
NSDMEICE T n KO BB BN OMENIRE D, SFEZEEITHMET 2 22 M T
&%, IhoDFRRFASDROREBMOMBEER oF) . CHATHET 290 — MED
METEER goest(r) D AR n MO HRBEBUEZF5H . n Kot BHHBIEZERINICEET %
Z 2Tk %b. MOPSO TlE, 2TD gue(r) DFET % n KItd HIBEEZEM 2 ERE O
PR ETE LA R—=F 2 =T EMIN D n ZoCALTTEREER T 5. RIZ, pbest,
ghest,  Guest (1) DEFNITONWTHNRS.

gbest DEH L IRTF

BEINZ bL o(p) ZERT 2BRICHEL KD Thpes ZEIRT 2 FIEILLFOMD TH
%, HEBEEZERICBWT, PR ED 129D ghey(r) ZAULETDOANL R—F 2 — T
BHL. ENANR—F2—=TWBT D gres(r) DIEBDTRD Z 0N S—=F 2 — 72U
AR—F2—T% I DIREL, "M RA—Fa2—T h T3, "M R—Fa—7 h OFP5L
Goest (1) 2 1 DIEAFZITEIR L, BRI N Goest (1) Z Tghest €T 2. TD X IIT ghest(h)
RIEINT 2 22T, BRBEE goow(r) DEEDOROVFEBA L5 XY, LHEHFAOHER LT
HTEMTELLEWVWIMEND 3.

I RRRDEM
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E+1 EHOBERIIBWT, HREMANTIE p HHOBERS o8 2%, R (B23) Tidihx

pbest

NBBENRY bv ok 1o T, K (B2) TRENDH R EANEBHT 5.

U;;J'_l =w- USH + rand1() - (a:’;best — xl;) + rand2() - (Tgpest — :Ef)best) (3.24)

A A (3.25)

X (E@) KBELT, wiE%ME, randl(), rand2() X 0 205 1 TTO—MHEEEERT.
A5 1 BHIGHIEEE) L 22T HAOBEZR TR A TH L. 05 2 HIFHRREZ H
HORORRMONENT | EFE 2T b, HiOE ITHFRERE vgpess ODIIENG|Z
FEEIRT PLTHS.
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