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§ 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
X oT, KRB REECRE NS 27 Fa—FaEE L, EtRcom@HA R AL T
W3, AUV, BHETERITREE RN B OFBEXZHICEHE > TV 5.

T3, KEER T — PRl TR, RECTIIEBEIC B W TEELRFEYL 2o
TED, RRE L TORBLEMOEIEDHHEI N TWS. 722 21E, VY= vty
F7—=27%—E X (SNS) OERIZED, BWRREDOR VT —X0@F S A DN 2K D
5N, ITNHDT—XOFm»r o ERAZEREME T 2720121%, FFFEICEETHRNL R
B LMD BELr X3, X512, 10T (BE/7DA4 X —%v b)) R v 7T —ZDEKIC
kD, WHWRE 27 —RER Yy MY —ZHEMRERINEMLTEBD, (ko7
IV XL TIEETERER X ) OFRIPKERIFEE 25 Z e hZ2 W,

7z, BFEEETRESSZ =7V Y BBV Ty, KRS I 2L —2ar®
TFT=ROMPRDENZ S —VPEZTED, I 10T 28RN ERECTFIEDRT
i, FTETHEELR-oTVS. B, ZX X —EBORELPEE¥X I BT 24k
W, 38> AT L0 Y, EEOBHGIIZEIT 2 5@ tiETIX, £ < ofilfsase
BET 2 HENEEL, RIEOEENIEFICHLLL ZoTW3.

ROV Ea—XFEMMcBWTD, ZhoDRERRRT 2 7-DIIERZEEY v —
2L WEIDBRETH D, kD7) X L TEEHERE O BRI R DK R E
ERBGENEZ V. Lo, stEERZMEMNTEHL, ERETREREL RO 5%
72D DT FENRD LN TV S,

COEORERELEEZ, B TEIITRRELEEZ RS 57912, W FEHREL
(PSO) Y DEHIREICHE DL 70TV XA EHEINATE D, HENHIZZ K OFEBOR
FICBWTEIBHX R TWS., LA L, PSO D X5 (b TIcE, BATRIBEMR Ik 5
VAR, STEOIHGEEDE 72 2REMKARE L THES 5729, 2o DREZK
ETDLRODILRLIMIEPHBEL SNTWVWS.



§ 1.2 AHAEDE

AFFEDOBEINZ,, BAT v I Th o bREREPROD I LVANAL 7Y v REIR>
2T LB FEBEOZ HNRBELREICEIE S 2. D% b _E NIRRT & R bR
U B AT RE R AELE R Z B8 U 7o h PR (b 7 v 3 ) XA 2GR L, 2 ek s %
ZrT, ZHWRAYY 2 -V v IV HEANHAAARETTS

§ 1.3 XRHXDHEE
RESCIRD KD ITHEREN 5.

F1E AMKOERLHIICOWTHHAT 2. BRTIE, VESIKBIT2, HBECBIT
VRV TI VAT A —RX—a yOPNZOWTHIALTWS., BIUTIE, EEDIEIC
W5, SILFL—V2r b Ial—R2HAVWETIRILE I VAT 3 —X—a

NZOWVWTHARTN S,
28
E£3E
Eq5E
58

BOE AMLICBIZHHEEITONEEZLDDOD, AR TEHRTELEI L LSHKOE
HIZOWTIRR B,






ZEHNmE LD FEERE(L

§ 2.1 MFEHRELTILIVIL

Swarm Intelligence (BERIRE) 1%, /e, 7V Davn=—R YD/ L—7OITENIHED
CREILFIETH 5. ZOHEMDO—DoTh 2 h FitmEbpFFE I, BA RIFFRICIEH
ThTnwa. LaLl, NMAERECOICRIFRILDG 2 V. RIFETIE, &b RBVWREREY
KDB7=DDEHAREE =2 —F 3y NI =T XA F I v 7 ZADFH LWL 7 v REIHY
AT ALBIREL. AETRERERL LT, RN AEHREL AEED X =X 5% M
INCE D X S IHHABDE 20 %R, SRIFERS AT APRBNRIRED 71—
NWIRTERICE DWW THIMRR L FEBHTE 2 Z L T 5.

K FBERE L (Particle Swarm Optimization : PSO) 1%, BEOHDEIR () 2K
REDIFRE ZD 27— 7 OREMED HiBEDHERD LE R L -HERNRELTFIETH D,
AT 4 1] PHESHATENCE S W THFE L IYECEERMTH 2. #H2WGELE
HEOWM T 2% 5 PSO 1T 3 2 E RIS 5 % [2]. EFETIX, PSO DEkE L
T, VN EREE (Adaptive PSO) %, #BOHN%EEE T 22 HIM FEimEt
(Multi-objective PSO) ¥, IFXFRIMEFEDPRREZINTVS. ZTRHDOHREIZLD,
PSO XX SR MBEICHIGTE 2 X512k b, ZO@EHAHEBEIXIERL T\W5.

AEITIX, RFEHREL (PSO) 743V XADEAEYL ZOISHICE T 2 EER b
'y ZIZOoWCam L 5. BIRINICIE, PSO OFARMZFERE, %= PSO, s ficZH
HREICE T 2L — MEOBERICERZ Y TS, Zh 6 DEFEIZPSO AWk
M DT B W CTHERIE X OB RBS» SEELAKEZR-3d0THD, K
Yy 7 B L FIEOENE . EHEE R IART 27008 k5.

PSOIHZ L CTHREIST 2EYMOTH R BE L7271 TV XL TH L. BrhiEwms:
K LTETMEL, NPE3EELMEICBT 2 EMMEE RL TS, PSO EEOHD
BT ORBEOERYE ZDEMOREMED SBEDHEREERL, XLIKZOEMDE
BTONBBIUOEEZEHRTLI I TiHEINS. LIRICPSO off#Hz s (M
1) . ZZ T, PSO DBREAR KR UFHE L MEOEHAID, FRTFIFFOREDE
HWicmh o, EHOREMEICHED?S 1, ZHETOETHAANADRS D3 DDRZ T
NEERUTHENRY PAVEREL, ZNEITICRICBEIT 2 EEZRET 5 [3].

k1 _ ok o ktl
r," =1, + vy (2.1)
k+1

vy = wv}’; + 171 (Tppest — :cI;) + coro(Tghest — x’;) (2.2)



pbest
Xkt = xk oy phtt pest O (O k
k+1 k k k k k C%J g S %2
Vg = wvg + Clrl(xdb - xd) +C2T2(xgb - xd) Xk f gbest /&_D
= 1 ~)
&l k+1
B xgpp-best(BEEDBENRREMR) ‘\ ],Vz
vEEE  xgpebestEHIORORRER) k+1. () G
whBBE 1,712 00B1D/NTA—F 1 ¢ k+1 et
¢ )y RIS A4 X 2
K1 PSO OHEHi X2 PSO DERDIET

2Tk IR FONME, o8 IHE, w IXEMERE, o & o 3FERE, rot o id7
VELBEMETH S, PSO OHEERY bLIX, pbest IZAID D XY FL, gbest IZ[AID D X
7 bv, ZLTTHEDETHIANCE DR PLOERIZ K> TIREENS.

22T, PSO OB AX N PHEE L MBEOEHNID, poes WCKHADD cr(xd — 2k),
Gbest (ZMAD D corg(xd — 2%), ZHNFETOMTHRANAD D wof D3 DD L% EHK
U GHREARY ML ot RPUEL, ZRRITIRICBEIT 2008 o5 2PUET 5. PSO @
BRI 7 VX2 EBR e EA, FARICRRIERTD 2 pret £ ghest DERITHEVELT
5L WVHREMER LTS, PSO DBREFIEL il % LI IR,

PSODEREIR o0 . o e
STEPL (BN DHEHE) & Particled i By, L v, DELKTHMILT B oy g0 8,
.ﬂ.
STEP2:[5%4ffi) & Particlel 25 L THR/MEL =L\ B BIBE 0B f(x;) £ 5E4fi % SOF e ':. °, °
L]
STEP3:[pbest D EEf] . o oSy ; ik
ParticleD Z N E TOR B Ef(pbest) Etb8T 5. BL(RED(x)) < of e .'-: -
f(pbest)xbf(pbest;) = (REDI(x;)) L, SSITpbest; = x,;£F 5. F) e £ U :. .
STEP4:[gbest DEEY L—T DR BB ghest) LELET 5. HL N R e TP
(BEOI()) < f(gbest)Fdgbest = xiEF 5. R B
STEPS (EE LA BOEHI()KX CEEEEHL, QR CHEEEHTS B b SR T v
-100  o® 4 20
STEPG:[42 T I IR A H &35 T= 4 £ TSTEP2 I RYEHRYET . . . . . 30gen
-100 -50 0 50 100
» A w, EL
3 PSO OEZEFIE 4 KFOENE (22 + y?)

ZDEFOETIRHRETARETH 2D T, —2DRF (Particle) IZEHL, —XJit
DB z EEE 0 IZOWTEZ, XTI Phest & Ghest & 2D SITHER L 7= fEHIEE T LD
REZINTWS [4]. ZOMBET I, WENRIMERAZS X T LTRIHSINTE
b, TOERENZRT.

FiF i ICEET 2 EHENRT ML o BUATORD IS REETES. X7 v i ¢ &
COO—HEBMERLEDEL S DOTH Y, KIME 0, BKE C + Cy, T &2 sy
MITHES.

Vg1 = wog + (P — xp) (2.3)
T, PRUTDESICERSINS :

k k
P — gplpbest + SOngest (24)
P11+ P2



£, o =1+ g, o1 = Cirand, @, = Corand &L, 6y, =P —a, £BL &,
MURD &S cEES. =952 L RRTLEAME N BUTFOLS51CH£ES.

E AN 23

L7=DoT, BEHEME N IR LS ICERINS .

A=w+1—p+(w+1—p)?2—4dw?/2 (2.6)

FoT, A=1%ZBRITI AT LOREDPLE - N&E (POR - FED 12T 2 Z e
n5.

ZORED, MiF (1) ROEEK w, Cy, Oy, ZELEIEZZICEDEET 5. BESHRIY
AT LADEEFMEED, AND 1 BRI AT L OREDLE « ARE (PR - FE) 1T
ts2Zebhr3s.

KPP REE B BEME 0<p<2w+2,0<w<1 THE26N3. &oT, ki
SRR T 2 22, BROFEL 7 X —ZDBBREERET 25 X THEEL 5.

T T, BRUCTIVER ORI ER 7282 X DI T A —E w =0.729, C; = Cy =
1.4955 L EEZIN5.

DRI X DN OINHFEMEFIHTE 27280, Vi ax EOREEXPBRENZ Z &
1278 %.

DM TFIEDOIRRYE LT, 2RO FTOEXCTOMEER % pbest OEHNTELD
ANZMET B ITHNT VS [5].

§ 2.2 HIKIHBHBHEEDPSO

PSO ICBH$ 2H1581%, ZOFEERORHICET 2 D0 56 EICW=5%T, §
TREZ L BREINTWED, —KiC, ZRORITO/N S WEEHIFIFIEISN LT, Bt
DT A — R 2@ YNAETAUE, AR X < R EGEED R ATRET H % DIt
LT, Bt RZ 2B LT, ©3 Ld KIBWEEILSE X KD shzn
ZEDERENTVWS [6]. 22T, ZEOTHHIERIRELBEETH > TD, HHEER
WE R ERE SRR TAMETH 272 51X, £ OEE O KIS & L r%h
R CHERT = 21T R L EEZ B 2 2 D3A[EER PSO IZDOWTREHS 5.
3, TDOPSO BH ORI X=X —IWENZELZL2dDE LT, PSO * LD
EORNFEETNVE LTHRRL, 3 L TFRHEIREBANICHEL 2 PSO €7V E2ENT
5. ZDdI, BAAAEDE AW TEMEREGRESR PSO £7 2R L, ZIUIER
AERZREHT Z 212X > T, ETFRHRZ 2RSSO 2B EHREEL-ET N,
BLUZIHIE LR RRE TNV E2EBT 5. ZOETMIIBWTHAERIRELS
MEMALEGRE RO PSO £EF AL TREIN, ZOREEEXHNHBEBIETZ 212k - T,
FRREFNCHBIN-ZEHP2EHA T2 28 TE 3. ZOHNBEEIE, wWbw3 Ry 7
T4V a0 —F NIy NI —=IRhF=a—F 03y NT—=ZDETIIIHWLR
5> 7%FA NEBERELTH 5.



PSO OFE#H K2 HERET N AR L, ZOHEGLERAD L,

dl‘gt(t) _ C/O e—a(t—T) [Fp(ZL'p(T), T) + O(ZL’p(T)7 7—)] dr (27)

d2xp(t) dx,(t) -
dt? a dt = c[Fp(wy(t),t) + Cxp(t),1)] (2.8)

$RZNTHOBME, £ C BUFD L5125 5.

Fy(xp, k) = c1 (x,(Ip(k)) — %) (2.9)

C(xp, k) = c2 (xq(k)(lo(k)) — %) (2.10)
22T LK) % (Qk), (k) BRD XS ICEHRENS

(k) = argmlin {Ex,(1)|1l=0,1,....k} (2.11)
(Q(k),l,(k)) = arg r(x;?n {E(x,)|¢=1,2,...,P, 1=0,1,... k} (2.12)

F72, (k) ERZ kB £ TIREWT, K p 2B E OfEZzRb /NS LERZZERL
T%D Z DIRFE x,(1,(k)) 1FZ PSO ICBF % p-best IHM T 2. X5, (Q(k),I,(k)) &

Xk £ TIZBWT, P HEOFEAROH T F OfEZzRd /NS LEERES L Z Dk
W%%LT%D Z DIREE xq(K)(1,(k)) X PSO BT % g-best ITHY T 5.

ZIT, (k) EME p oG U TIRE 2 BRI ZITH 279, Q(k) & 1,(k) DI
WERDBIRDIAL D LD

Q(k) = arg mqin {E(x,(l,(k))) | ¢=1,2,..., P} (2.13)

lo(k) = log (k) (2.14)
F72, 2B TR TR I N 2 EGRE R T 7L OIREBER R

w(®) = a,), vy(t) = 228 4 0 (2.1)

EBWTEAT 2, BERRFESRICND L7 EBR O NERIRRERBLE 713,

du,(t) .
“a —auy(t) + vy(t) (2.15)
dup(t) B
o) 1By oy (1).1) + Oy (0). 1) 216

fEFL L 72 % £ DE T ATIRERKIZ DT, HIRSRMATHISLEET LV TH 5 L NRHIFY
AR PSO £ 7 A2 FORUTR T, B RBREFS ok i

min F(z) (2.16)



subj: z; <¢q; i1=1,...,n (2.17)
ZEEF L 72912, 0L FRERIFENICE O E B E 21 U TR LR g
e HEHIR PSO 7 V2 U TEEZEET V) 28AT 5. JFEEREE
TOEAERT 572912,

ey @it piexp(—yi)
v = filyi) = 1+ exp(—y;) (2.18)
EBL. oA ZHIREMA ZMEICRA L TER- s ZHET 2 L,
min E(f(y)) (2.19)

ERBZIENTESL. XoTK(28) KHibxE3 L,
Pyp(t) | dyp(t)

2+ a2 — c[Ry (). 1) + Cluy(0), 1) (2:20)

FRZNZh OB IO X 5127k 5.
Fyup 1) = 1 (5p(Ty (1)) — 1) (221)
Coltnr ) = 2 (W) (Tolt) = 3y) (222)

RZTA T 7 AANDEEREZ R, HEROFEFTE I v 7 0EZETZen
HLWOT, A4 7 —FEE2HVTERRZ B L UIERE R 7 L OB L PSO %
B S 5. T ZIIHIBT 2R ELIRITRT.

w,(k+ 1) = (1 — aAT)u,(k) + ATv, (k) (2.23)

vp(k + 1) = v, (k) + AT [F,(u,(k); k) + C(uy(k); k)] (2.24)
Fy(k; k) = en (up(1,(K)) — up(F)) (2.25)

Cp (ki k) = 2 (ug(k)(lo(k)) — up(k)) (2.26)

1,(k) = argmin (E(x,(1)) | 1 =0,....k) (2.27)

(Q(K), L,(k)) = argmin (E(x,(1)) | g =1,2,....P; 1 =0,1,....k) (2.28)

4 e up()(R)
x, (1) (k) = il ()(8)) = P =1 (2:29)

PSO T, B F, = C OFIZEFNBHRE ¢, o 1T L T—EXENO—FRELENZ &
DIES T2 5 X TRAMNCAZELLZIE TV S, (2.23) RDETUICBWT AT 12X 3
DRI X D AL ENR L ENZTFHT2HMLVET LV ERMET LN TE S,

TROB, ERD PSO T, gbest [HMEZHRABRIATHAL, X 5IT p-best, g-best
ANDOBIRDEA A HWES T2 5.2 5 2 22 & D /T ERE#E D & OBER %
P 2 DI LT, REERTFIETIX, p-best. g-best NBIT A2HEE®R L/ LT, 5
WHEERI R & 72 AT 123 2 AR SEBN2IRICE 2 A AR EBTICE T, X HKEW
RRRPIARF T 2000 TH 5.




§ 2.3 ZHEMNRE(D/NL—E

R, ZHRAXLARLZHNR—LRY, "ZHI 2 WS FEIVAIVWA b S XS
WKHoTER, ZRE—DDIRTLH2WVIEIHEEE N DD R - 7= BRI LT
HESHZEWVWHIEKRTHD, ZOEEIHVWLNIERICE, HEN=—IXDZHKEB LU
BFROMBRWAH R OBERBR D2 e EZONS. Tihbb, B—0HNEKEH W&
B ERIETAHAN—=TZ RV IS RZHNRECTEOEEENEE->TETVWEIDTH 5.

RORFH A B SR IS W ER TR O R X 2 KD 5 720 DL FETH %753,
FE A DS, REMANT—OOHMEB R/ (FREHEKR) KT 2REREZIRET
22 ohTnWg. ZHNRELHEICN LTS, —oM Lo HNEKOME & -
T—oODOHMBEBIC T 2EA T XA —XIEP, —2OHNBEKOAZKRL, o H
PIBEE Z HIRI SR ICE 12 % ¢ §liTER Y, (ECROBEMTFIEZICHL L5 35451k
WV ORI N T WS [7T~10]. ZHMERHELOARE IZEE O BRI TD b L —
RATZHZVPIINT VY RAZEEZNEWVWIRIZHD, [ERDODGERTIEA TR THZEED
2\,

—77, ZHNRE(LOHEFRICOVWTR2 , HWEERTO ML — R 72 NNT7 23 %
RAICBE LT, “XL— MEM PEELZBEZ LTEITFshTws 8. —fikic, Z
DRV — Mgtz RS 2 O — Muifg) 1 3EEED D, WL TZo0fE (G
R BBECHTLAPREE 2 5. 6k, Zo#EIFREE (ZHWERIE) 3 28E
WKBWTIE, T X—RENGEINCEB LN S, BEART X —XIER e filiEEED IR
Li#EMH$ % SWT (Surrogate Worth Trade-off) %72 & OXGEEHTFIEDRE I N TV S [7].
F7z, BRREED “D g W™ iBEGE 7 7P 4 (fuzzy) HamzEHWTEREL, #EMWZ
FEEZHEALI ET2REDRINTVS [11-12]. LrLENS, N — M#EfEo X
S RfMERIE D SN LHEFL LTKRD, INSEFRTS e TEIX, X OIIED
POBUNCZHWERBREEZITS Ze i ns. 22T, ZHNRELEEL L —
MEIZOWTIRHT 3

Z BN RE(LEE
A (ZENBEEE) | F 2 R OEEG LT3
FE{r|g()<0,i=1,...,m} (2.30)
L5232 E zeRDpHOBE
fu(@), k=1,....p (2.31)

., ve FOHEMATRLZRI/PESLEX.

ZOZHNRECEETIE, —ICTRTOHMBEE fi(z),k=1,...,p ZRKFICERNC
THIEWETERL, LA, ZRHDORICNL— RA 7 OBRDD 2 Z & 3 EEOARE
THb. Lieh-T, HHEKE COHmHAZK > TEHNBEEE TE 2720/ LT3 &
I LARTNIR SRV,



NL— b+ xiEf#
3, p RITEBNZ ML a, b EOFREREFRZ,
a<b <<= a;<b;(i=1,...,p) (2.32)

E
a<b <= a;<b (i=1,...,p) (2.33)

TERTS. EL, ¢, BLUY I, ZRENaBIVODE I HETHS. ZIT,

flx) £ (fi(x),..., folx)) (2.34)
55y, ZHNRECEEICBIT 2EOEBBEIRIIRD LS ITEERINS.
e EEH1
T, 1€ F &3 5.

a. f(z1) < f(r2) DEE, 1 13 EBETZLES.
b. f(z1) < f(22) DEE, 2 E 20 WHRVWEKTERT 2255,

HLa Doy WEBRLTWERHE, 2,DIE D2, KDBEBWHETH L. LizdoT, 1
DDOVDTL BRI H BRI NIV Z BN EOEGHN R ETDHL L ERS.

o BE 2 (L — MmER)
x0EF &3 5.
a. o IHHRWEKRTERT 22 € FORGFELBRVWE &, 20 259 — MRBER 2 WS,
b. 2 ICEBT 2 2 FRFELRVWE X, 0% () L — MREFEEZ WS,
c. EBEDz € FIZOWT f(x) > f(xo) DI DE ZE, 0% (GER) REFEE NS,

HHIBEED =2 (p =2) OHED L — MMREFEOF & EBBEROHIZ MRS, K,
KIRDIANL — MR, KOBHERDES 8L — Ml e 2N 2R LTV 5.

fa fBtkA

L °
.
B l ¢

f(x)

fBtkB [

X3 8L — Mi# X4 EBEIR



EFICED, RERADHIAIZNEIASL — VREETH D, REMBISFET 2R1E, #
NN DAL — MRIEFIITFE LR V. Lo T, N — M3 % B iRwE b E
WY AL EAHENLE (DER) THEILEERD.

F72, L — MR eEOESE, —RiC ToSL— METER (Pareto Front) | & FEIEA,
RELRTEICBWT, IXRTOIELHE O — Mdfg) 252 DR LIchiET 5. L —
MR, SoBELZERACOEBOBRBEED ML — FA 72 RSEHELRBETH D, &
RIE—2 DRz 7.

10
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§ 3.1 ZEHNZELREDEES

RENLZZHWRECHELE L TZHS y 7Yy 7 e 2 HKE L -1 2 < [’
Y .

ZENF Y Ty IRE

ZENF Y Iy ZHEIE. BROES

E ={ey, ey, ..., en}, (3.1)
HROPHEDES
V= {1)1,1)2,...7711\[}, (32)
B LUOEROMMEDOES
C(l) - {0(11)70(21)7 e 705\})}7 s ‘70([)) = {C(lp)7c(2p)7 e 705\1;)}

MEZohlHmE, XD B.3) BIY (34) ZilTHEDEIERE E'CE 2KD B
e LTEifbEns.

J1 (x) = ZZ]\; 69%

maximize : (3.3)
fol@) = Zf\il Cz(ui)xi
N
subject to Z’Uﬂiz‘ <K (3.4)

=1

TIZT. K3 Fy ¥y ZOEEY A XTHY, 28 o, ZRDOXIITERINS .
1 if €; € £
x; = (3.5)
0 if €; ¢ £
2702, ZHNF v Iy VEEE G L2 D% IRT.

11



EFRDERSBE

F THF o “E"GD1GD1‘I’

v
. i * i
Cd)iFD = {fi{m Ces
ﬁﬂif‘é’C aﬁu =K {fi{E Ces
- {{ECHFE =X {fifE Ces
o J

X7 ZHWF v 7y V&

M4 ZHWCTZHN Ty 7Yy ZEEOFHBZITS. ARy Py 7T, 20
HIZEEDIAL Z e DT X 2 BROMBAKEEZR TV A XX, K TREXND. £/, HTHRL
72a 5 i 1ZFy Ty ZICHEDADRZIEREZRLTEDY, SERIIEEL LTEHE
BB DIEIFEET 5.

ZHNF Yy 7Yy JHEZ NS DELREE D ZHASOETHy ¥ v 7 IiEEDAL L
%X, ZOMBEOMDY A X K B2 VL5127 ET, ZhZzhofMfEDMDBERK L 2
5 KO REFROMAGDLEZRD 2 ZHNRELFEEE WS Z e TE 5.

PTERECHIGNTVWAHEENF Yy Yy ZREE B 2 51X, 1 O0BEZRITHL 208 F
DENFEST S Z 2 TH 5.

ZEMNKEE—-IL T U REE

&Eﬂﬁﬁlﬁlvbb—lb/’(?/ﬁ Hix, #Ho%E U={1,2,...,N}y 2L, & (i,5) Moz
Z % ) P vrszy, Nﬂ@%ﬁ?«f%%;ot1ﬁ?o&ofﬁﬁut

5 7,] ,..., Z]

%Bﬁﬂd?:of( MO S, L /zEDa R Oz R/MIT AMEE L, XY
Tok5EALEn 3.

(

f1($) = ZzeU Z]EU l] 1‘2]
f2($) = EzeU Z]EU ij xl]

minimize

(3.6)

\f( ): ZzeU Z]EU i 1'”'
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(

ZjeU Tij = 1, VieU
YuerTii =1, VjeU
ey =1, VWU V#O0,VEU
|z €{0,1}, Vi,jeU

subject to

Z Z T, cg-]) =400 (¢=1,2,...,p) & L7.

*2A be O Bb
I +aRX ke O B

X8 ZHIKEE — 1 X HE

X 512Z HIKEE — 1 2 < > R Z I ICHA L 725 02 RT. FKIKCBWTHTR
THEH A 6 EWFEH 2 2R L TED, FED 2 #HHRICITERDO X N BFEET 5D
D9 5.

ZHKE -V 2~ UK, HLEHEZHEL, IXRXToOHHZ 1 [HToFboT
RADEBHTICR > TL 2 X5 2KMED S5, ZOKEFEDOEHD AR b DEFNZFNHI
INe T K5 R R RS 2 2 HINERGELETH 2 WS Z e 3T 5.

B TIE, &M A ZHEFELTHUET A K-> TL 3 &3 BKEROFIEZRL. HE
RE<HILNATWEKE— V2~ REEE Bz 5 M, TR 2 &Mk 2 2 Epa
A MDBERINTVWEZZLTH3.

§ 3.2 REFEIRNVFI—IDER

INET, L%, EFE, BHZEZOEMBEICBVWTEZHNRE(LT VT ) X L0538
NlMRER RT Z e ME XN TV [13]. —AHT, HIED 4 DL EOZEE MEsE LR
& [14,15], BRRIELEZ T > KRS RECEE [16], EHER 2RO 2 Fo RibEfk
MR [17-21) ¥ Vo RO Z HIEREE 7 L T XL EFT e T 5MENFET I b
WEXINTWD., 2079, BFEOEHEDOTETIX, Z0 &5 RREERFEE &R
MEZEE L-ZHRELL 7 LT ) XLADBEENPEVELEZEDTEY, ZHENRE
LR 2 F6A U 7z NSGA-TIT[22] R KSR EILREZ5M L7z WOF[23] @ X 512, FFE
DOREFEBIC BV TEWEHEER R T 2 7 L2V RABMERIATWS. ZhoDZHM
(L7 LT X LDEREFMTEICHVONE DRV F—7METHS. g, I
FEOWM LWL HIREL 7 L3 X A DRFEBIFTIX, DTLZ[24] W oZe—HDHFHLEN
VI — 7 MERIC X 22 ENREEL T LY X ADFAE D R LITOATWS. L
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L, BREMHFICEIZHELRZHNRBECEERIFET 2153, ZNH6DRVFI—72
M EAROREHAETIEZD £ D ITbhTWVWhwv. Z 2 TAETIE, 1990 F7 5 2010 F4%
FTIBRINIEGFORYFv— VM e BHFEOZ BIEREL 7 L3 X LI DWW
3B,

1990 &FE

W2 B 7 v 3 ) X A DHBEORHEIZ, SL— MERBEIRIC D L EAFE
i e ZREMHERFTH 2. S — MEBEIGR T, UTD XS %M HE/IMEBEIZH LT,
(3.9) DEBEA D IO L Eff a3 b 2EHT 2 L ERINS.

Minimize fi(z), fo(x),..., fu(x) subject to =z € X, (3.8)

ZZT, flz) EMZXITHERZ ML, fi(z) i3RMEEh 3 i HHOBHIBEEL, = 3PVEZE
BT by, X IFPVEERZEREINTOFEITAIREE 2 R T,

Vi, fi(b) > fi(a) and 3i, f;(b) > fi(a) 3.9 (3.1)

Thbb, fRald, WTROHMIZBWTHIREbIZE->TELT, RIKTH—DODHMIZ
DOWTHb EWENTVWSE., ZOr X, faldf@b XDHLLIERTHNS. —/HT, =
DODRDRNC FELOBRHBEAL LR WIGE, ZRoiddEs e Jidns.
HHARZHNREL 7 LT Y X AT, SL— MEEBEZRICEDSL—F 7B Y PA
RESZIRZE 5. LaLl, =V — MrREHB2AFEHZI A TWRWD, L—1t7nr
Y IANDIEBZE L., 22Tk, 1990 ERICHHBICHEH IRV F~— 7 BED
Fitkns, 2o DIET ) — MEFHEIEE EMO 743 ) R AOMWE L S8 ICBE L TW 3
ZeERRT. 220062 NT S

* Schaffer
Schaffer @7 2 FEEIZLL RO >0 B Z H/ME 5 A2RETH 3.

Minimize fy(z) = 2> and fo(z) = (v — 2)?, (3.10)

subject to  — 20 <z < 20. (3.11)

DT A MEEEX, B—OREEK 2 FFHWT oD HWBEKOFEH 2175 B~y
F~v— M TH 5. NPGA S NSGA DIERFMX Y, 1990 FRUCRE S -2 HIEE
{73V X o ORZREMEREZ Gl 3 5 72 DICHHEIHEH S 7.

Schaffer ®7 R MEETIE L — b 70 Y b EFHR T 272D DmWICREREIZ O EZ <,
RNRL—t7ay b FCEREE DR TZZEPEEL RS, O XS RERIIHMNR
JET Y — MEFEISAZ HREIL 7 L2 ) XL 0FE e —305 5.
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- F3
F3 1 3XD & 5 e b2 n 2 il = 2 B/ MURET H % [25).

Minimize fy(x1, 29) = 2f = 201 + @3, fo(w1,22) = 927 — (21 — 1)?, (3.12)
subject to  —20 <z <20, —20< x5 <20, (3.13)
i+ 23 <25 31 —10<0, @z -2, +2<0.

2000 FE

2000 FEEICIRRE XN 7= SPEA ° NSCGA-Il 2 ¥ OV — MMEFERIE 2 £ U 7= 2 HiR
L7 a3 X a0, HFHEAEZEHNREE7 L) X802, SL—Fr7r Y bAD
BWIREZRO Z e PHILN TS, 26D 7La ) X AOMWREFHIIICH W 572X
VI —MEIE L= 7Y MADIUEDH L WEENZ EFEnTWnwa. 2 I T,
INSDT A MNIEOREHE LTZIDT 7 A My 23D 5.

ZDT 7R bt v M ZDT1-ZDT6 @ 6 fEd 2 HR/MUEEL S5 T A b2y hTH
3. &7 A MR ER 2oL — s e b, EFiRELEM L — s e b
DIFFEE W 1B 2Rl RO, 7o, INELBOB N ZHHICEE T 5 Z L AJEET
B35 VIR ERFD. NSGA-II DIRFEFM X T, REZEEDIANA FVHD ZDT5 &RV
TehADODT A MEEDR T V) X L DHEREFHEICH WS . Z 2T, ZDT1, ZDT21
DVWTHEZITY. TAZNOBEIILLTD X5 cERban 3.

[ZDT1]
Minimize
f1($) =T
T

folx) = g(x <1 — )

where
9 N
=14+ — , 1
o) =1+ P (319)
subject to
0<uz;<1, fori=1,2,...,N. (3.16)

[ZDT2]
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Minimize

filr) =z
T
rz)=gqglx)|l1—
o) = o) (1= 25
where
g N
glx) =1+ ;x (3.17)
subject to
0<z; <1, fori=1,2,...,N. (3.18)
2010 F1X

I, BRVED 4 M EOZBEMNERELRET, <L — MEBEIRR— 2 D% H iR
73 ) XL DEBHENME T T2 Z e EIN TS, 20720, HINEELEIZ
TEEMRER T R MEE 7 L — 2V — 7B 7 v 2 X a0 REFHMEICHVWS NS, Z
NOEFEHMBIZA T —Z 707 XA MU MENS. 22T, Ry —7 70T X b
BETH2 DITLZ T Aty MIZOWTHET 3.

DTLZ X Lty b
DTLZ 7 X bty ME, HIEEZ BEHICHEERRER 7 Mo 7 X ME@E (DTLZ1-DTLZT7)
KXo T ENS (7. ZhHD 7 X MK, L — b7 8u > OB & SRR Z Bl 4

IZE%ETS % Bottom-Up 7 70 —F LI FIETERENS. 2 2Tk, DTLZ1 %4l
*LCHEZITS. M HMO DTLZ1 3T &S icEfbahn 3.

min {fl(x) = (1+g(x)) T cos(xp,) H COSQ(xh)}

h=1 h=M
M-2 d
fo(x) = (L +g(x)) ] cos(an) J] cos(an)
h=1 h=M—1
fau(x) = (14 g(x)) cos(xq) H cos®(zp)

ZZT, gx) EMTOESITEREIND !

g(x) =100 ) "(z; — 0.5)° Hcos (207 (z; — 0.5))
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LHESESCa
0<z, <1, forh=1,2,....M—1

0<z; <1, forj=1,2,...,d

Bottom-Up 7 7O—F T, REZFNIMEZE L SHEREZEE XN s — oD
N—TIZENb. 22Tk, NBEEE v, HEEERE v, 6 RT. Z0ThOPE
EROBNINTEERD M — 1, FEBEERDS N, e 725, SL— 7y NEMEZEEHE
U TGS, EREBIIIFEZ R AW TR an 5. T4, DTLZ 7 X by M3,
HypE, NSGA-III, MOEA/DD D%, ZHHEHMNRHEICE T 2T R T, £H
R 7 L3 X 5 OMEREFHEC S I S hTw 3.

§ 3.3 HELD/NL— FMEOEHZX
R — MEOBREDOH NS, W O2DOFEZID LS, ZoMELHENT 5.

BAHINTA—=3EK

HERSR D INEM 2 /M2 § 2R RD L H 1Tk s .

mxinZwkfk(x) (3.21)
k=1

TIZT, xXEFTHYH, AT A=K w, ZIRDFEHEHT-T .

p
we >0, Y wp=1 (3.22)
k=1

COMEZREL L, BL filx) & gx) BHBEBTHIUZ, N — MRERD—DOHHE S
ns.

€ Hl#IE

e HlfETIE, —o 0 HIBI fi(x) DBAERMEL, Mo BRI fi(x) (k # 1) B5E
8 e THIKI L7220 5 B/MERIE & LCERIES 3.

min fi(x) (3.33)
FIRISFIIRD & S 1k SN 3.

xeFNG d={x|filx)<e, k=1,...;0—1,1+1,...,p}

ZDEIRTLT, ¢ Z2ELSELZLITED, S — MRERD—DERDSH Z LT
&5, RIS, SL— MRoBEfREME-F TR, BE (OUF, SL— MRERS L IER)
T 5.
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SHEOME(L LEET LT X LOFI

FROEANRT X —XEB IR e FFTEDOHFIETIE, RTIRX—XEEZIRPOLEDIRL
MREZR 2212k, R — MREEEZRDZ e TE 2D, ZHUIEREREHE
RSN ETH L. 22T, EEHN7LITV XLAZEHAT S22 T, SL— MREES
X DRIRINTRKRD 2 /EEREZ 5. B 7L X LTIE. E£H (BiREOEE) 2H
WTHERPED SN L7280, L — MBS ZERN»OBINKD 2 2 & 23HfFX
ns.

EERI 7L X

L7 T X 40E, BEOREORGEIKFEE S, LR ERER 28 C Oa bl %
1§27 LT, mEbfEOEICILS WL TWS., Z 2T, RENZER 7L
TVALTHBYIalb—T 4y K+ 7=—1 7 (Simulated Annealing: SA) , B 7
N2V XL (Genetic Algorithm: GA) , #EH 712V X4 (Immune Algorithms: TA) |
B X kTR (Particle Swarm Optimization: PSO) IZDOW TS 5.

‘,
1

ab—Fa4vy K+« 7=—1) 2% (Simulated Annealing: SA)

PIalb—T4v R 7=—=0Ur7 (SA) ¥, WHEPZCBIEZ7=—V 7 (FigkE
L) OBBREEBMLZRECTFIETHY, THIAF R/ 2IR0E (Rl 2R
THZERHBNE LTS, SATIE, EMB O AN F —ZIZHEWTH L WD)
ANFERDZRE 5. BARINICIE, BREDHE v, HILWEE 2/, ZhALDT R LF—%%
AE=E(2)— E(x) & L7 %, ZIF ANHER P(accept) 1ZRD K HITRIN 5.

1 if AE <0,

exp (=2E) it AE > 0.

P(accept) = { (3.2)

T, TIHREEZRL, HERRAIVETNXES. BEOEIILITD X 51iT7birs.

Tk+1 = O./Tk, (334)

ZZT, aldBHERTHD, 0<a<1D#HPICHSZ. ZomAFRIZED, REOKTHE
ERRES.

BIGHI 7L XLy (Genetic Algorithm: GA)

BEE7LT) XL (GA) 1, BARABEREBLROFHEEM L #7112 ) X LT
HY, AR FROEED) 2ELIEDZ X TREMEHTFRT 2. GADEERE
R, B X (KL, BIURRZERTH .

EIR
AR Z DFISE f(2) ICHEDWTEIRIN S, JBIRGEICIE. b—L v MERDP b —F X
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Y MERZEDBHEHEINS.

3%

LR, 2 DOBUANK 2, & ay 2 HH LWEIE o BERT 52 DIiTDIS. KUREE
W, EET ROEHD) O—HE BT sHATEITENS, PIRE, —HEX TR
RD & S 1E TS,

x' = crossover(xy, x3). (3.35)

KXo TRHN L T 21X, BOEREHAGTOEL L VIBRERH L 725,
RRERZ, HEDBETZI VX LEBTLHRMETH L. ZOREITID, HRRZEM
D2 ERE DD, ML ERRT 2 LdREL 5. BInfu 2RAERIE S
BEIRD L S 1ITREN B,

r; = mutate(z;). (3.36)

SR 7L ) XA (Immune Algorithms: TA)
FIEN 7TV XL (TA) 1%, EVORIES AT L EEHL T, Fol{biEE L FiETH
5. IATIE, % TPk ¥ LTREL, ZoMCELZHET 2 2 & TREErHRRT 5.
R CEICE
fld THUR) I, Zo@EINER iAo ME ) & LTHHiiE 5. FURDBEIGE A(z)
X, R OFIGERIE f(2) 1ICHEDVWTRD XS ITERINS.

Az) = f(z). (3.37)

R DFEREELNE
gy 27 A3 TRUIERIRE) 26, CAIREIDRVEZERL, ROERTHAMT 5.
BEICEDE WA N 2 MRS D, RIS o TELL T L.

KX CRAER
TR 7 LT Y XL TIE, GA LRABICRX L EARERPER SN S, ZXEROMAED
B, BAZRIMOEN2EE, RROSHMLEZHRT 2.

W FB&E L (Particle Swarm Optimization: PSO)
Rt (PSO) &, BENOME 4 DRF 2N REM 2 IRR T 5 FIETH S, &
KLFINE v EHE v, Z2FE, ZOME CHEIIRONTEFINS.

KL FDALE L EE DER
K+ DALE « HEIIRD XS ITHEFHENS.

okt = gh 4 okt (3.38)

?Jk+1

p = wv;f + 171 (Tppest — ZL‘];) + T2 (T gbest — x’;) (3.39)

ZZT, wiXBHEA GREEDHEDHE) | c o \3FERE (EERORZ MR 2
RDORZ MENDFE) | 1 L ld T Y RBLRE (0<r,ry <1), pldHiT i DFEARZ
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MiuE, gl E2EDORZ MUBETHS. ZOFEHRICED, M AZRTRERICS] EFE S
oo, RIROREEICHID > THEL L TV L.

INHD7 NI XLZ, R EECEEZ IR T 2700 B2 Rt L T, =
HROXEFXERSF VY FITHICATRETH S, ZOHFTD, PSORZEDS VIS
BEWICREE L SFEH XA TWS. X512, hok#E{tFiE Bz, EEl7ray X
LML) Y HAGDOERT L, N TV NFEEEHMEST 22T, X5k 5146
Ml L2HIRFCE 5.

ZAuc kb, RFRCED T VE VST XV FOBED LT W), PSO IXE
HERELD 7B W TIER IS ERE Y o TW0 3.
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REF;

§ 4.1 BEIGRIE

§ 4.2 MOPSO

BT 4 — KNy 2 21751003, F— X OOMARINCE 270, IR T —&
DI ¥ B O AEMLAEINC 5 5. £ 2T, ZRENDFECOVCTHIT .

Fo ROBEMEARLT 2 HHEL LTIE, Y= MCE2 70y ZFHREL NS bOHH
5. ¥, MlEZRE, MEHEL L, £ 0 AROBVIEE LTINS, EREH
iy U, FEMOBEE, ZhehoBiis ictasin, 2ot Ts. C0E3T
X, REOEEEOIDZ L ZRETH 2720, V— k20, 2EOF—X DA% R
PFLFHLEVSHDTHS. |

AR % ATAL T 2 5k e LTI,

§ 4.3 ZEHWAA MOPSO (BREADEREG?)

AFHTIRET 22 AT 2 DOMEIZOWTEHHT 5. F1®IC FlexSim % AWT, W52
MEZIERT A RATLEES. ZOYATLEHVWT, BEZBNTHLHI I LITE-
T, EROTFT—X%ZHI§L, CSV & LTEET 5. £D7 — X% Python ZHWTHEYNZ
WIS 2 Z 212X > THLDICHR -7z, MIBEORHEE D LIz, WUNCEEEZFICT 4 — KAy
7RIV, FEOMREERZ WS HDTH 5.
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