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STUDY ON PREDICTION OF DRYING QUALITY AND
OPTIMIZATION OF PROCESS PARAMETERS OF TOBACCO IN
TOWER DRYER

ABSTRACT

Tower drying machine is a new type of fully automated and closed air
drying equipment, which has the advantages of fast drying speed and high
production efficiency, and has been widely used in domestic tobacco enterprises.
However, in the drying process of the tower drying machine, the setting of
drying parameters is greatly affected by the main process temperature and water
content of the tobacco. In the face of the complex and changeable characteristics
of tobacco, it is difficult to adjust the process parameters by manual experience,
and it is impossible to ensure the export quality of dried tobacco. Therefore, the
establishment of a high-accuracy prediction model based on process parameters
to adjust the parameters of different incoming tobacco is the key to promote
tobacco enterprises to improve production efficiency and reduce production
costs, so as to enhance their competitiveness. Therefore, the specific research
work of this paper includes the following three points:

(1) The key process parameters and data preprocessing which affect the
drying quality of cut tobacco were selected. In view of the difficulty in selecting

key process parameters that affect the drying quality of cut tobacco, considering
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that the drying process parameters of cut tobacco are highly coupled and the
drying characteristics of cut tobacco are affected by multiple factors, six key
process parameters that affect the drying quality of cut tobacco were selected
together with Pearson correlation analysis and grey correlation analysis. It
provides data support for the establishment of prediction model of dry quality of
tobacco and optimization of process parameters.

(2) A prediction model of tobacco drying quality of tower dryer based on
improved neural network was established. Aiming at the difficulty of accurate
prediction of dry quality index of cut tobacco, this paper firstly used Radial
Basis Function Neural Network (RBFNN) to fit the relationship between
multi-variables and cut tobacco outlet moisture content and temperature, and
obtained a prediction model of dry quality of cut tobacco that met the
requirements. Secondly, to solve the problem of low prediction accuracy of the
model, genetic Algorithm and Pelican Optimization Algorithm (POA) were used
to optimize the central value and width of the hidden layer and the connection
weight from the hidden layer to the output layer of the RBF neural network, so
as to improve the prediction accuracy of the model. Finally, the comparison of
the prediction results of the three models shows that the prediction accuracy of
the tobacco outlet moisture content model based on POA-RBF neural network is
0.9591, which is closer to 1 and has the smallest error compared with the other
two models. Finally, the model is selected to provide relatively high-precision

data for the subsequent multi-objective optimization of tobacco drying quality.
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(3)The process parameters of different incoming tobacco were optimized
to meet the requirements of different clients. In order to solve the problem that
the combination of optimal tobacco drying parameters is difficult to solve due to
the change of raw material characteristics and different drying standards, a
two-stage optimization method was proposed in this paper. First, the modified
NSGA-II algorithm was used to optimize the drying quality of tobacco, and a
set of Pareto optimal solution was obtained. The second is to use the
multi-attribute decision method to obtain the unique optimal solution, so as to
achieve the purpose of obtaining the optimal combination of tobacco drying
process parameters. The optimization results showed that when the target water
content and temperature of the cut tobacco outlet were set at 12.5% and 56.0C
respectively, the six key process parameters werel8.6%, 31.8°C, 37500 kg-h-!,
167.3°C, 390 kg-h! and 164.8°C respectively. The proposed two-stage
optimization method improves the limitation that the setting and optimization of
drying parameters in tower dryer is limited by personal experience, and
provides a new way to accurately control the moisture content and temperature

of dried tobacco and maintain the stability of exported tobacco quality.

KEY WORDS: tobacco export quality, process parameter optimization, pelican

optimization algorithm, RBF neural network, improved NSGA-II algorithm
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R, (x)= ! (3-3)

2 2
[ < +o;

(3-2)

W% — IR

Hrp, x AEEFEEIL R o A DGR

MRHE 20, A RBF #4848 Ba & )2 1042 1m) 36 R 30k 2 F o 32 i e 3T ek 4
S H = (3-4) Fios.

4 1
Yj = ;a)y exp (— T‘z”xk - ||2j (3-4)

Hrp, o BRBREER i DWRKTG; o RonbEE 2 25 H R 1 EREBUE.
(2) KEESHIIE
£ RBF M2 sifiieh, [ EruiE e, 585 o DLCKR S 2 5 )2 1AL

fH 0, R=ANZH THEMERERERA BEL . =Fd, BEET ORI

K, BHEKXRIMEMK I BANER. SRS R ONE, CaKBHREZMNE
M TTis, EEALLT UM

1) BENLZE R Gk

FER N 1) BEA LG BB & 2 A b, 8 I IR 5 e B ot — A 2 T . H
R AG R A AR M P BRI AELN PO R BOE AE T REARAS E 0 LA 5 Hi A
2) A R L

FELAE RBF #2  28 A RL Rad RE s SRATER I T FR2ORIF AL IR B 5 IR I
HEEFEHAT SR 2R S 2l . XA ERARLe ik m, & aeEidis
BRI P P RE . IUEBCAETH S RE T, f BRI A S Ml A E, &
&R M R Bk B m R 8L BT R AR,

ﬁhﬂ

S==>e’ (3-5)

e, =Y, -y(x,) (3-6)
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4 1 2
= X — . 3'7
S| -55b el 7

Horp: y(x, ) Rt a5 HUE: Y, VESKE, e, Rom y(x, ) fY, ZIEHIZAH; .

[F IR0 FE R B B o S 80ME, AXnr
oS ¥
e ;e" (3-8)
ae

oy

=-1

SRS EIEC Y

N
D_Bx_ 3, (3-9)
dy Oe Oy

n=1

KPR 77 LA S B AT Fp SRR 3, (HiZdBRBONE %, WTRES S22
SR AN [R] BRAS A B o

3) HHLL

HH LR T TS HHHE B 2 WA LA . BARE, BHAZMW
2l H A2 € B R I B AT SE L, B A ST 1 i BB . PR T

— FENLER c DRI AURIIE A O o, RBEIE, ¢ =12,..,7 .

S MR EE B LRI, CRE R AN x, AT AR SRR o B SR 5 0, , F
His % ¢, =min ||xk —c, || o

=, WEEHREIA L, AXah

G=—2.% (3-10)

b, m R AR RO
AWt BRSSPI, HERAHE MM RE O
SV, B T R BV R AR 1) 2k s O U SO AU, AT

o, = Sma (3-11)

i \/E
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® = exp [c%”xk - ||2] (3-12)

max

Hrf, e, AP TG I B

Sof b B =R e RSB T, R B AL SUL R E RBF #1445 e
JER O TR LR RUA
3.1.2 IREEAAL RBF M 4%

AR SR E AR HATE I 2 1962 4, 36 [ % B K52 1) 2% 44 %34 John Holland
A KA B IEFE T, FFK GAUY. GA Mt RBF #1242 M 481X —id 2 £ 2l = K 4>
M. Ee/ RBF ME Mg aitmfie, HUoRsE ki, &5 72 RBF 12
o4 24 1) T B2 FH ST, JoHb, RBF #1480 00 268 (1) 45 #8122 BRI T30 & R B A N Hl &
H, XEESHIE R EEE T AN FIEARTES . T GA it RBF #H& 4% 3 22
R HE S B0 fE e, T o LGESENUE o, . RBF #12 M2 T N 2 F H GA

MR BN RBF #2225 (1 2 B AT IRAE , 203 VI 50 5o 2 Hh R 40 1) Tl 55
. BARGAZ A E 3-2 Fos.

HH P 3-2 WG, AR VAR A AR I 2% AL S DR LA 4y

(D FEEAILAN

PRI 46 1 A i ARG i 1R 7 S, T BEAT R AR AR A

(2) &R

AN R I FE A A2 T A o A0S EE HE  Tm) iR 2%, AR R

szzn:abs(yi—oi) (3-13)
i=1

AP n R SEG y, RORME S T R BIA H o, RN
ATORE R kR

(3) IEFEARAE

WEFEIRAF IS SN H A AR MR BEAT PRI 3%, BE A th 2 R . £
RAERES, BAAMEgOET IR P, ANl LR A AT

fi= (3-14)

e lES

26



L N N 2T e A e

K HEN AN F s MEAEE In s kWD REL

WAL FIES AATn L

A

A 4

RBE #1285 WX 4% 1% 2 {E
N3G N FEAE

A 4

\ 4

PRI

A 4

TS AR

!

(4) 2 X #AE
A SAEAE B I 3 BE A% B AN AR B A (5 B3R T3S #e, T P2 AL 5 NI 5 14D
A, A XEAERI AR

R B R

fI

v
Pl e & 20|
FO T F5 ¥ 7 RBE A 22
X 4%

v

THEIxE

A

v

B BUH

K 3-2 GA-RBF #4548 Sy IR A2

{a,q. =a, (1-b)+a;b
a; =ay(1-b)+ayb

RBF

A

PRI 260 | 28
$haE# 4

2%

R L
CME R DESE yay

(3-15)

(3-16)

Kb, b0 NZIEBENEG o, RoR5 kD ROEIEERER, o ZR5% 15
(ERENINPGE PSS

(5) A RAE

AR SRR A R B LGE SRR o R X et fR RS AR 34T A8 7 48 1 o A2 57 R

(/AW
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—/ﬁ;qj ’ amax

AR AL

P B 7L (Pelican Optimization Algorithm, POA), 1EA—Fh i X R
HH Pavel Trojovsky55 N - 2022 “FEF2 H, 155 UGS ST ()55 44

f(g):r[

®oma, LR a

min

r Z7R[0,112 (B FIFEHLEL .
3.1.3 $SHEE A1 RBF #4Z /4%

SRFE P B S R HEAT TR BRI,

3-3 A7

S EIES Bl A

A

2
max ]

Na, K)NIR; G, B KWK E: g BIES

(3-17)

(3-18)

HREHIE,

THNIEAR, X HAAEH

FERG SR RBF 22 W 2% 1) S0 4n 13

T4

A
T € RBEA 22 B 25 4R

\ 4

A 4
THE AN H AR 2
8, JFTH

A 4

AR F s e ZAE 5 BT

PR IS R AL

7&[2

A

WA ZBr &R
B B dUHAT R R
EEl]

IR

Bt

- AfE DT

v

DB P B 2 £
FI5E FEH 2 RBF 41 2
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g

] 3-3 POA-RBF 148 W 25 Sk A2 K
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POA ffift RBF #2245 (RIAURE Il IR o
(1 VHEF
FIBERISG L A R0 F
X, =1 +rand-(u,~1,) (3-19)
A X, FORS I ASISE S j LR, rand 305 [0,1) ZIFIMBENLEG u A1, 5

) 72 SR 1P L) B BR
FOHS RN B R R A R

X1 X1,1 Xl,j XI,M
X=X, = Xi,l Xi,j XI,M (3-20)
XN_NxM _XN,I XN,j XN,M_NXM

(2) WJ4E1k RBF fHE: W 28 AT 2 4,
(3) F|H POA %} RBF £ W& 3tAT Ak, FhEr) H RN
(R [F(x)]

F=|F | =|F(X,) (3-21)

_FN_le _F( N)_le
TEARALIERE S AR S5 85 08 AT NI REME, 38k R FH AR e AL B S A ARl B
B A B B TR AR B A

(4) TREPTE

(3-22)

i,j

o ={xl.,]. +rand-(pj —1-x;; ), F,<F

X +mnd~(pj —1x; ), else

Horbe X RRE A EEFEALE, p, Ron ) EREMALE, FONEYIAL
BIGENEE, THEHLE 1 852,
FRRZEEE R G, BrIEALE rE N EE R (3-23) Fiw.

PLEP < F
xi:{% S (3-23)
x,, else

o <P FORE RIBLE, BN IRIE R .
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(5) FRME

xsz =X, +R(l—%j-(2-rand—l)-xi,j (3-24)
Horbre xR iR HEEHEAE, R W02,
frtRE ARG, R B R Y IE N /ML E
" F" <F,
.n={% e = (3-25)
x,,else

b xPERRBE I ROE, FPABNIERE.

(6) MR HACFEFENRALRE & ZE 0 %6 S5 BUE S H0 8 POA-RBF 574,
32 MTEBRRETNRE

gE A AL L WL B RFAE, AR 5 — F ik B 6 N oo T 280 gl 22 1%
JRE TR, 5 7 S K PR FEE B THJ0 22 101 8 7K % il B Tl 5 S 1 e A
3.2.1 £F RBF & ML%HYIHE L2 T 152 R 2 UM R

BLT RBF #1122 W 2% 1) Mf 22 #5120 00 & TS 7Y 3 220 5 PR OB R, L 2
HE B Gn B 3-4 B, 2% IV B b s 1 AR A ) 5 1) I A IR AR

sept st ]
| B A A A|| |
| ﬁ B . B B|| |
| w | E N |

Ml €, B _C "M r JR 22 T3 kR
| K I |
| % J {E J % E|| . l
|‘ﬁ > 4k » i M&ﬁmﬁﬁ|
| %]<’ﬁ K . KH |
N “ |
| | |
L - - ]

] 3-4 RBF #1470 265 A6 22 15 o7 B2 T 00 A 7 i 40 )
1 & 3-4 R LLE G BB TRINRURE (I 3K e, . B, ERIRTUEER B K
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P T /N BB RS HEAL T3, XML T15 2R AT TR B . RN #EAT 1
H 22 T W S AR M A, A IR T Pearson AHIC REGEFIK OG- HTiE, ik
T EML TR R IR S RN R T ZSH, Rl N EUKD . N DR
B, FTZAMERE. T LZRRE. TZARARTEREU A TZRREE. Lt
17 RBF M2 F AR, R 56 A AR S PR i e 1) 6 SOk 8 T Z 2 B/ i
2o ML AN AZ B, [ INDRE 22 Y T 5 7K R R T &85 RAE v AR o AR £
80% I HHAE NG, 20% 1Bl AE Iyl ae, 3 W0 25 | 2 foe 2 HE IR 22716 Jo 8 7
MEER . FHAEE RN E 3-5 Pos .

DS Rt th
RMSE=0.050828

AR iR AL

e AR

HIATRE

ML HY 5 K A%
I
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=124 ¢

123
12.2
121 -025 I I I I I I I I I I
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(a) MHZZH & KR

WA T 25 S xt b
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68 |- l

66 3r i
_ {1 |
O e f (| ‘ \ A 2 ! i
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e 62 I | 11: i ! ! | ! !
= j | =
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56 |-

54 3

(b) Mz FRFE
K] 3-5 T RBF #1228 0 28 [ 0 22 - J52 o 5 000 45 2R
1 &l 3-5 () RBF #4128 /0 28 0 22 452 o B T 25 SR I AT 0, BT RBF MR 28 0%
AR 22t 1125 7K 28 SRS Y (R A O i3 22 T AR R E[-0.25,0. 25 I X [RT N, M 22t 11
TR R R A 2 22 T2 BEAE P AE-3 3] IX [H] Y

31



LI TR RS S 38 5

3.2.2 EF GA-RBF 1042 W48 A IE 22 T 1 R E FUNIE R

FER 5L T RBF #0002 (R 00 22 1 o0 B TN AR AL Fry Bty B, P IRR T AT
WAL SFEARAL RBF #1128 0 £ 50025 1) ot B AR Y, 3 LK FLfRTFR v GA-RBF JHl 22
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TR TN AR [F], AR s AL BB 7. FLIR, P ER 2 % RBF #1428 J 2% At A%
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JEOE L SEREOLIUGERERE dlME e Y o DURGEREBUE o, AR H i
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RSN S5 Roxt He
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T A T 25 AT b

a5 RMSE=0.53843 5 ARG 2 P
88 |
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64 i {l |
e M 1
L& f o
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56 | 2zl
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20 40 60 80 100 120 140 160 180 200 20 40 60 8 100 120 140 160 180 200
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(b) AL HH 36 B
K] 3-9 £ T POA-RBF LI R0 22 1 Jog B 0 25 SR

MR 3-9 HET- POA-RBF #1148 [0 28 1) 0 2245 o7 & F 0 45 SR ) U HE P A 00 22 H
P15 7K 3 S IR B T 25 2R 5 Sl R i, AR RBF BA K GA-RBF #1122 b 2% T
M ERZEH FTk N o 35T POA-RBF #1428 W4 45 fH 22 H 115 7K SR TS AR AR %o 48 2
FEAERLEL-0.1,0. 1109 DX (8] P, 0 22 HA 1350 R FROMIASE 3L g A 58 2548 AR TR AR [-1,1]
XTI, AR AN, PBCR BT .

3.3 W22 T IR R E TR BN

NTIAE FIREE ST )3T RBF. GA-RBF UL POA-RBF — B R 22 )55 & TN A
RUPRROR, R R S 38 B 2 WL R SO 22 3047 RCR VR 04, Bk
VT3 A WU R M 22 T R R AN () PR MR 22~ J50 o A 2R 00 &5 Rt
AP AT, b g R anE 3-10 Fior.

IRYE I 3-10 (2> PR B =Pl 22 15 /K S8 TN o) B gl 5, a7 DA B 3
BB A FEEAAETN LR B ZE R . BRI S, 82— RBF #h4 R 45 BT Tl ) v 22
BN, X R TRE EAX AR, M2, GA-RBF BLALTE TR % 22 77 TH AH
T RBF MAMEZAH T —E MRS, SonhRERMEE MRS . SR, Eix=
P, POA-RBF #AY [\ R B A H €0, LTI 22 9% Bh e/ EL TN A 22 1 11 4
KNG e o AR 3-10 (b) BT REIR A = iR 22 ) 1R T A 28 [y %of Ll g 1, ]
S5 — RBF #H2  ZRFN ¥ 1% 22 e sh ok, MHELZ T, GA-RBF R BU7E Tl 1% 22
Ji AT RBF AW | —E WS, Son AR IR . AR,
FEIX =M A rh, POA-RBF 8 R B g th £, JFC 0 % 22 13 2 e /s L Fo0000 o) A 22
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R RS AR By

13.6 i
— FSEL
—— BRI
i —— GA-RBF il fif
1344 4 |—— POA-RBF il il
Fus
1=
H
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T T T L L B T T T
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FEARZ (1)
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{ - — JUA
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{—— POA-RBFiiiii{fi

520 | 1IO | 2I0 | SIO | 4IO | 5IO | 6IO | TIO | 8I0 | 9IO | 100
FEAE (D)
(b) MZZH R E
Bl 3-10 A~ [FH 22 4% o e A 2 ol 45 2R

T R E AN L TR B B (PR, SENCTIAXRE (MAE). 3

IR (RMSE) BLEHGE BB (R (ERIFHRIR. Hid MAE F1 RMSE Jyi 2 3F

(b FAR /N IE WA TS SRR T Ve 2R M RO BT 1, A8 TS
VLA B

n

MAE:lZ

n-ig
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RM@E::-%é;GZ—yJZ (3-27)
PN 2

w:pz§giﬁl (3-28)
Zi:l(yi—yi)

efe y, WREATRME: y, AREARSCIRE: y, AREA BRI AR
s L5, R RS PP TR AR A R B B R 3-2 s N, DAGE SE i i
JeEs A ELBEAN (RIS AR (O F50000 1
R 3-2 AR LL TR AR PP F8 b X Ll

o A b TR 22 Bk % &2 1
R ELaD
RBF GA-RBF POA-RBF RBF GA-RBF POA-RBF
MAE 0.0350 0.0322 0.0236 0.5787 0.4837 0.3765
RMSE 0.0508 0.0427 0.0341 0.8437 0.6526 0.5384
R? 0.9089 0.9358 0.9591 0.8809 0.9288 0.9515

MRYEFR 32 P, FRATAT LA EE Y, A2 O S K AR i o R AR AR
POA-RBF #Uf¥) RMSE {H 4 0.0341, 1X %A W2/ T 53 AN (0 SAE o Ak,
POA-RBF ¥ R2E N 0.9591, M T HHMHAER, HAEHEELT 1, RIg8
AL FE B o [RIRE I, M 22 U FEVE % s = Fa RS, POA-RBF 5244 (¥ RMSE
749 0.5384, WART 534 B R 24, T R2AE N 0.9515, [FIAE s H B v A
H B, Rk, 55T POA-RBF #1289 25 10 (8 22 ~F Y6 Jo 2 190 0 A58 28 EL A 25 v F) T i 2
AR TR, ARGERFEFT POA-RBF [0 22 15 5 & TR
3.4 KRENGE

AT et RBF 4 M 4% . GA-RBF £ 2% DL J POA-RBF 125 W] 25 1) 592 i
BT T VR A28 JE TR =R 0E, 20 R A TR I 0 08 22 6 0 T A Y . s i
SNt Aok AR () T 45 FFEAT LU, R B RBF JHZZ H 155 7K R P 7 350 22 A i o
fE[-0.25,0.2512 18], TWiAHILZ~, &R GA-RBF A1 POA-RBF MH 22 H 1155 7K i
MREAL AR 22 E o A o SE R, BN AGLE[-0. L0 ISR X R Y o L T =Fl 22+
Jo I A T 45 5, BE T POA-RBF 22 [0 28 (¥ 00 22 th 111 55 7K S8 480 B 1) F00 4 1 22 Ay
0.9591, MET HIMHABAE R T 1. FAMRIEIZBERN 5 ST L TR R 2
H AR A Sy ks FE R B
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B 48 HEToUA NSGA-NF A2 TR R E % Biriit

MR 2 U 22 LM R 22 10 2B A P A 0, R 22 M0 5 B AR 22 L 15 K 8
IR T Ak BARHETE N BT B AR bR o X P MBIR Z [AE T JE R R, RIE—E Y iR
FEFEET, KRN, IR ES RS IE R T R, BT A . X T4
PR BOR YL, ISR — B A, (R E R N, M R T
BMERS, AR TERRE LIRS, T2ZARRERET LR, J 58
A HI )R] DAk /D, o F Al 1 B IR AT Bh 2t . N T ZEARE R 22 T4 57 B 75 & h v
B PR (RIS 30 T s R A 0 ) bk, AMUEGRAIER 22 ) 1 &K R RS e 78 B ARE T, &
FEEARIA 22 TR R o AT B ST 0 NSGA-TURVEBE T IR 22 H 1185 7K SR AR 11
Z Hin 7 %
4.1 ZERMILEE
4.1.1 ZEFRRLEN

Z HARAL ) 2 1 2N H AR T CAIRI R f#, &7 H AR [BAS 2 FARAR S 1
1At HAHBR G 22 B AR AR AR RR RT3 — H AR, (HxFr N 2%H
FIERZA HARE LR R, 208 T I RRAELE MR AL, AT AN RRIR AT B IE A B AR A -

DB, # H M2 BAREAL 7776 NSGA ik, NSGA-IL Hik. £ Hinkhi FHEH %
(Multiple Objective Particle Swarm Optimization, MOPSO) %%,
412 ZERFRMILRIE

KfEZ HIRRAL I AT 70 N =B B, BAESEN . LIRS Rf 2 DL 2 H AR R 3
AR . RonunR:

minF, (X)(j=1,2,3...,m)

Xz[x,,xz,...,xi,...xn]T (4-1)
a, <x, Sbi,(i:1,2,3,...,n)
SL1G (X)<0,(j=12.3.....m)
0

H,(X)=0,(j=12,3,....,m)

Hobt, X FFMASE: o, <x <b. G,(X) R H, (X)H5HR =R FRGLRE
F,(X) MLEEAT % FRR AL A0 AR B 5L

NS HEIRIDENRNS YR, 1540 BRSO L LI 2 T 1R
BRI TEBH, AARIRLN TS BAATRRE. ¥ T 250 i,
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FTLZRRE. TEERRERED KL T2 28R .

“CHRRM” BRI SNSRI AR AT, AR B AR S R L E 24
Dy e ) R PR

“HbRERED” AR A TR BRI 2 H bR ) R 4L

— k% B fE R

(1) VAR EARREAREE, IR N S TR AT 2 e, TSR
FHH RSO AR, AT B A2

(2) DAL 2 e AR A R SR T B, A A & i 6 HH e R A
4.1.3 IHERRNERE

1893 4, F ARG K Pareto F LR H T 3 44 1 Pareto SIIL, ILEMEES
ANUIEAF R T TZ RN, R 2 BRI R R, BT T H bR Hix L
PR M RO E A R S AR R R W 4-1 FioR:

Fi ¢ Fi ¢

ql ®
pl®
p2 *
L ]
q2

(a) 152 (b) F2
K] 4-1 Pareto fi 1 FC 5 3E S /E R &
LRI R B0 ME B, T 41 Ca) SLEERIE, (p) <F (q,). B

F,(p)<F(q), BIFKp, XMq: A 41 (b) Rl LLE T BARESE (p,) > F (4,)
{HIFE E, (p,) < (q,)» B p, 5 g, Z I AE ALY R (HULAT S, Pareto SR M TE (12
VI=1,2,3,...m» ANFEx (ke(L,2,...m)), EHF (x)<F(x), HEDFE-ATH
PREEELFE (x, ) <F (x,) A5ERAL, W x, A% 2 HIRR B —> Pareto SAUME, BT &AL
M LI AR HE PR A Pareto SRS, W1 42 B, FRIE S BIREFIAS T B AR,
DAL A bR ER BB ME A, IR 21550 Pareto S ARARE, FITA 21 AR M B 45 MR
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2 HARILAL R R Pareto B LARLE -
Fl A

4-2 Pareto fift4E
4.2. it NSGA-II 3%
4.2.1 NSGA-II Bk
NSGA-II 5% /2 Deb %8 NEH A NSGA FIAAFAER REIE R B 5 N R s
SRR T SO S, ENERIE I 4-3 PR
WP AN, AR

¥

\ 4

\ 4
SEHT AP
\ 4
AL AL HET
C_om ) v
v TR |
AR B
A 4
¢ Pareto i %t
R =R
v
|G 352
v
T A
it s A
A 4
C_ @k )
K 4-3 NSGA-IIH IR B
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IINRVSUE -3z A ¢
£ NSGA 5Lk, 1 HARR BN p R, MEREM 0 Row, XHEAFEEN

MREATAR SR LU B HE . RUELALIIREON px 0+ 0« WK 4-4 () flow, IBHEHE

Ko MAE NSGA-II 53k, RS /2 73 St rid, HBAREON p+0 - I 4-4
(b) Frax, RREEC T HBIREL

Fl + Fl + rank1
—— rank2
—— rank3
rank4
Qa0
 ~>\~\,‘: : e
LR
° N o
\ Ny he e
‘° 'y ‘e
° ‘e °
‘o
(a) F (b) F>

K 4-4 PR EE R AE SZECHE X B
2. HEE

WP EFORF R PR E A E . Kl 4-5 Pos, HitEPRINT .
(1) VIR T A MERI ST d, 5

(2) BATAESCRHET

(3) TWEMGEL, » W

d, = i [P = F| (4-2)
j=1

A d, R MR g, G, F- RE G0 RoR e j AT B it g, Mg, =&
HUHUE -

NSGA-II 5Lk AR5 AR d N L R B, A AW g AR R, DR B 55
KEfESE. Bk, R HERA IR, NSGA-II RGeS A 0 T K 2 & i
filt, T HIE R ORARSE I Z RN, AIMTfE45 Pareto AR ARII 2041 o
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Fl A

3. REULSRmE
s B SR (A% O A T 0 BT A AN B8 B, 32 T NISGA-TT 55925 M 975 3 5 A e o o )
PIEAE, TSI A5 AN S W B . HRIE B 4-6 AT A0, RSN AFEEECR, O

TS, PARETAMEE. O M PHGITERAIPEER , XFPEE R BT P 4E ST
PRz Z, Z, 5P, Mz M Z, R R 2 F/NT N, D B R
AN Qe B =AFIEEE AR T NI, WIE Z, A B R UG D TR, L
Se B 5 BRI AN B8 AR EE Q.. s, BRI Q,,, FEFEE N N -

II%II
AESCHCHER il S

PN,
IR

Rt ..................... —

K 4-6 o g s = 1B
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TR TR A 2 183

4.2.2 i NSGA-TI Hik

ik NSGA-IL B & 78 JR VA MR AT A 16 . 2
AT R

(D FEEAILAMN

NSGA-II FVELERTAE TP 1 3R F IR 2 BEALAE e, BENLARR B A e BB HLAE
FS AR RN LE AN 3 0] BRI AN 5], S B BE AL A6 A 5 S B AN 5 T AR A6 2 1)
A AABIE I, Bk S| R I AR T 3 AR R AR PR

R EETTRAZ Y PRI, FEAE SCIE N Bk Gy A& s 4ERIRR IR LT 2

ARAEFE L e se SCUL S R AR 57 Y

i, W4reG,, i

P (k)= (nk.nrk,,....rk,),k=1,2,...,n (4-3)
X/ =a,+P,(k)(b,~a,) (4-4)
o, nRopHAYE, P(k)RrErE, rIHOZHEL, —BHK

2 Nea st EI M2,
{hm(ﬂj1ﬂ<%ni@#p%%ﬁp2%+ﬂﬂﬁ¢%ﬁo
p

RBRIEARE D 100 1, PIRPIAG AR 5 2CAE BRI RE 70 A 5 0 7 il U Pl 4-7 By
e HIBEIMTR, ERIERAD AR 2 LU BENLAE B MORE 0 A SE NS 50, R AR R4

S FE o DL S 2 e, ol A J5 2258 SO AR s R I BRI, AR T 4
=i m b jig-igb 5 AR SO FE R R 1| F- i
N, 2 N \
YA ll
R R B AL o
1 T T —— T T + 1 4 Ed — %
1 #* % 5 % * * EOE T e L ok ¥ E
09 * * * i 1 aaf * 1
* * #* * 4 *
¥ o Hex * * = - * ® *F oy
o8l % 3 0.8 * ” 1
* %*
* * o DT* * * * * + +*
071 i r
¥ I * * ¥ * ¥ * * * * =
06 ¥ * 06+ g *
% *
* * B P
* * * * #* *
05 * o 05 * *
i
* * * 4 * * * % *
el o * 1 oar B g K % * *
* * #*
L * * L * * i * -
0.3 G ¥ * * * 031 * * o * N *
* #* #
3 * * 0z} ¥ * * * i
02 * % * 4 e ¥ # * 4
* ¥ ¥ W %
| * i b *
0.1 N ] % G * % * . & x i
+ IR *
0 * et i L i
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 08 1
(a) (b)

4-7 FhfERIaatL T AN
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(2) Ak

LG NSGA-IT SR FH i R b Sk £ 77 o M7 G, R ASRAT TS
HAIRES 53504, —MNERAEKAMEE FTRAE R Z AR, 7T RURIIE SR
BN, WEGEN R EE R ik 7 UG A EBA, MER AR ZE ) S I
FRKE, R TRENLER, HAERAEEARBIRIUE . N ARIESE LAY SCH Bn] A
SEAFHIE T S . WO T 2R MR I S B o, LS B

FEEAN A2 HROE I A /N B KHERE , 76 NSGA-TT 503 b2 S i S5 kAT B e HE 511
PTG BE B AT T A . HEA R CER RN, EEEMER R, SR ik
PRI 2 2R R 70 B A A B BN

% x, AL B IAME,  x A BARIANME, M x, IR BN -

p[=j%(n‘+(n+—4f);5j (4-5)

Het, i=1,2,.,N, n*y pn A EEE <y <1. ATERINTE TR BE S B E
SRR . BIfE.

(3) FIHEAE X

£ IAA AT ST A ARG AR, FOA AT AR F 7R e s X 8] A IR BE AL AR
ZfE . SR, X7 RO B RE FARAMA— B I T H AR, 2oxh S il Sloa 7= A
AFIFEIE, TS ECEVEMERE TR AT SURFEN, (FSR TR, 3R T —F
HRAE T 3 FRIAE, A=A AR R AT B AL L 1 77 TR A

R MRNE N SOARBEAT A2, WA MR TR AE R B 220, Ry =k
R JERIIRRIN— AR S5K, —PBEBEE, B4 Ja AR HE R 212 AN SR 5 B —
o ARMTESLPRI HR T, XFIGIRD KA, — B2 GRS EREEE, X
T TR TEAR I o 5 SRL 1B SR v M 52 BUAN A 7 sk S DRI B S A0 (R 5
AT AR, BRI 2277 X

% p ~ p, NRARAME, Hop T p, GESH—FE, MBI EAND: o .

&, AT EMEAL .
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Cp=p,— P, »
X, op BRI FIEEF Z 0, zp BRI S TR 2 PR 3 [F]
A AE R TT I

vp, =k-cp+h 'rl-(pl—zp)+h2-r2-(p2—zp)

4-7)
v, =k-cp+h-r;-(p,—zp)+hy -1, -(p,—2p)
FARI) A il
¢ = ptvp (4-8)
Cz = p2 +Vp2

H, ko by BRNEEL nyonsons r N[0 1] IBEALEL

(4) PR S

Z AR E T, LB REFRER SR EBOE AR E R R, K
Ut LB — e ARB, BIE S R REE . N T REGEA B A AR,
Michalewicz $2H T AE 5148 781, X ol § K EyL AT B4R ST VE L, BE & SR A 1
hn, AR Ju EE kRN, AT NS O BE T

Bx = (2, %, ) AR RAME, 57— AP y , E BN A4
ke[ln], SRJEREx M5 kAN HEPR AT AR 57

X, +A(l,uk —xk),xSO.S
= 4-9
Yk {xk—A(t,uk—xk),x>O.5 49)

b, BN e[0.1], (A RTHLAEL, BRAA (2) IR [0.2] Mt 3
FLBE% (ORI, B (1 2) B5 T O FORESRIM. B0 A (1, 2) MR PE A B2 R B
BORHIERIEH, 125 AT LAEAT /NG R . R A (s, 2) Rom A

A(tz)=z-(1-r(1-1/T)") (4-10)

b, BENE €[0,1], T RRBRIWAE, bR DHHERNSH, — B
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HN2 %5,
2t R, 20 NSGA-IT B A2 B an i 4-8 fliis .

C gJm )

T, ERE
e R [ by

'

. gl
X AR AR

U ARE L Gen=2

!

AR TR E

O P ki
:Gen= G:en+1 BT AR B o HEH f/% o A
A Bt | dusdrmar |
= P SO R v
IEEEET
Qor A [ s |
i
T D

4-8 Mk NSGA-IH LK
4.2.3 i NSGA-I B L MBS
(1) MR %
N T R NSGA-IT BB TIR N B/ T P-4l ASCIEELT ZDT #5104 4 AN H
AR EARRNER MK A, X 205 R A ) T8 AR a0 T B
1) m=30, Pareto HIVYRHIEAMIE. L

minf, (xl):x1
minfz(x)zg(l— (fl/g))
ZDT1 (4-11)

g(x)=1+9ixl_ /(m—1)

i=2

st.0<x,<Li=12,..,30
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2) m=30, Pareto Hi¥FFFAENMIE . BE4LL

minf, (xl) =X,
minf, (x)zg(l—(f1 /g)z)
ZDT2 ,,, (4-12)
g(x) =1+9in /(m-1)

i=2

s1.0<x <li=1,2,..30

3) m=30, Pareto HIVTRAIE NIEIESE:

minf, (x1 ) =X,

minfz(x):g(l— (fl/g)—(fl/g)sin(lOﬂfl))
ZDT3 m (4-13)
g(x)=1+92x[/(m—l)

st0<x, suzz 1,2,...,30

4) m=10, Pareto FIVTFFIEAMNIE .. 4E395]:

minf, (x,) =1-exp (—4x, )sin® (6 7x, )
minf, (x)=g (1~ (/i /2 )’)

g(x) =1+9(ixi/(m_l)j°-25 (4-14)

i=2

ZDT6

s10<x <1,i=1,2,...,10

(2) VM fabR

AT B2 B AR A RYERE, BE M/ 100, BORIEAIRECH 500,
BREN 0.6, XXFEHA 0.8, [FIFRAHACHERE (Generational Distance, GD) F43 i
febr (Spread, SP) SKPPAMSHVE LS A3 A ¥ S 1k

1) GD #8¥5

GD 1RFR RPN IRAF IR AR S SRR A . 1 SR A s /N — T RRGRBE 2
AS W/

id k - Y
d, Zmin\/Z(f"’ ) _];<p ’)J (4-15)

Jj=1 m=1 frr’,nax

Sl HUEAG Pareto BAIIETA D' =( popasal J1 N = (s | W2

IRTF ) Pareto HOUMESE: kTR BARRBINECRE, £ £ 20385 m A B bR
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B B KA AR B /ML

>

N

WeSiiEdE R, B GD $845, S BUE 8RN )3 W A AL A e AT
2) SP f&#5

SP b H TV BEIRIS AR AR /A ¥ 501, A

GD(N)

(4-16)

(4-17)

Hor, ka2 BB 8ce, d f8IR s i M S AR AR 2 IR IR RS, d &

7 I i 2 8] R T PAE
oIk sE bR, RSP $8AR, 1% HE /N )2 W SR A 4R 70 A1 ) 28 S PR
(2) I RAxS LA 73 iy

ETHENEAER TR, =M2 BRI 30 4k, 521 ZDT —4Ei
ERXT LA 4-9 B 4-12 fos, IFUFS T GD #8555 SP 4RIRIUIIME, LR WK 4-1

I 4-2 Fis o
1 1 :::.’:':.\.
"~:“~.-~
0.8 ‘. 08 r \ .\
N 06t \.:'.\ N 06| Q‘
\ ;\\\ 0\.‘ \
04| \. ° \ 04| \
L& N
3. \\

ozl \':.\..:..... 02} \\.

0 %ﬂ 0 : : : : \

0 0.2 0.4 06 08 1 0 0.2 0.4 06 058 1
fl 1

K 4-9 ZDT1 It s % K 4-10 ZDT2 Wit ek %
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27 =B [YSSYN
TR R R A 22 13
12 ~ _ 25
40 Pareto it T s
Z H 9 Paretori it
! e aENstal . o HENSCAI
® NSGA-II ®  NSGA-TI
08F ol
L]

]

0 ® 1t
02t i —
04t ‘\ o5l
06t
08 ‘ ‘ : : : : : : ' 0 : : : : : : :

0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1
fl 1

B 4-11 ZDT3 Wik B 3 K 4-12 ZDT6 Pk b %k
RG] 4-9 2 4-12 W LUE W, F ZDT1.ZDT2.ZDT3 PL K ZDT6 H1, tiiilt NSGA-II
SRS B B AR IR NSGA-TURLE B8 20 LS, X 3 W B0t NSGA-TIH i i sl
T NSGA-IIH%; 18 ZDT3 F1 ZDT6 H, Uil NSGA-IIE LTS BRI B £ T 5
NSGA-II, XK NSGA-IIE VLR 4 RS R e /1 E MR T )5 NSGA-IIH: .
# 4-1 MRHEEN GD f8b5

HURANESE A NSGA-II it NSGA-II
ZDTI1 0.038437 0.002408
ZDT2 0.056815 0.001152
ZDT3 0.064275 0.006248
ZDT6 0.209660 0.001251

F 4-2 MEER SP HE bR

HURENESE A NSGA-II it NSGA-II
ZDTI1 0.071426 0.056901
ZDT2 0.057859 0.050524
ZDT3 0.080185 0.053471
ZDT6 0.072476 0.062339

3 4-1 F14-2 07 %0, PUAS ZDT R 4R pR 2 1) GD $8 b5 A11 SP #8451, 203 NSGA-II
ByERIE Y NN, X 3 B NSGA-TTE v 158 B R iU s tE 5 ¥ S Mt T R
NSGA-NIH L, Wkt NSGA-NHEVELEZ H bn A8 17 /i ip B A 5 41 S0 RE

4.3 MM

43.1 FMEZIUILAIHESS

D E ME— IR, AR FSEH T — R R B B 2 B AR 7 2T VE R S
G RBEAIB . BB 34T 2 HARAL, 12 F 203 NSGA-ITE K K fi# Pareto B fifde,
MNTTA 2 — AL ik s BB By T 2 J@ ik 356 500, A& Bl FCM-GRP J7 1%
— 35 I\ Pareto SALMARER H 9 iE H ME— R AR AR . P B2 PR BURALHESR n R BT
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—FrEe: 2 HbiAk BB BRI

H b5 PRI 2 B C- 2 FR2RFCM

A 4 \ 4

AR D N £ Histhi b5k D % K KRB HGRP

v v
Pareto i /i fift £R L ME— i

Kl 4-13 Pl B HESE
432 ZRERMRRK
%2 8 M SR B FE T B C-31E 22K (Fuzzy C-means, FCM) FK (4 S BE AR
(Grey Relational Projection, GRP) P KIA 5 F4 Bt o
(1) B C-¥E R
FCM 1R —Fh B Z R R KT, B R R AR VT . Hat A
v/

msz u,v, W ZZ/JU ||w —v||

s.t.zd:yl.jzl
b, JRRBURRE URRRIBERERN: V RoRERPO; WL
; uyyﬂxi)%ﬂlviﬁgiﬁg: N, BRERE.
(2) IREKEE R

GRP & — Fp 4 &K th R AN R BRGE RE N 2 & VE S T7 1%, B R AR Tk
ST A HERPERT AT FEVE o AE T 7 SRR SR AR, GRP @I BAR T R0 T

(4-18)

2

Prj; ) ZGrcI, T (4-19)
Zl 1(}’)
X, Neg RN RITEER, Gre, FonKOKEREL R TR AE .
Prj;
RP, = 0<RP <1 (4-20)
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Hrf, RPRIMMNBY .

Zibprid, 2Rtk EARRRE I 4-14 FoR .

O D
i R
| e |
¥ vy |
| e, o
NN 30
| v B
| [FEEEGENSGA-T | & |
| A |
y
t 41t Paroto B (R AL J
/___________:___—l___: ____________
| \
e o\ TR | %, |
g s ™ 254 5| K
A G i et | |
| ! iy ! x|
| HEREALY | | B IR 6 R % l
| E:él + 54 /«A—I
| % ] Vv oo 5
P | ﬁ%ﬁﬁﬁé@fﬁ @:
| ok TR J3 R il
| | <Trmmsini U : T £
: | | R
| |
: | (o ) | C wwrz )
\ / I
l - - - - - - - i_
5 A TR L

v
( 01— AR )
4-14 PR BARAL K i FE
4.4 % B iR B f
441 EEURETE
WA B NPT PLATT S8, HBUETEHEEF R EAEZERRN . EA L
g, IR NS A ITE T E H AR N K53 L N TR, F L 2S
FiEE. ¥ LEAEE.. LERRRERE DL L2 2V E 7SN R 22 115 0 =
FIREE T 228 TR EIITLNR, SRZEE TGN Lhrdr=HmR, %
TR RRD BN EHIEE, W NE 4-3 s
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43 ML T T ESH L R HE

ZH HpL A e
JH22 N TR 5 % 18.5 19.5
TR 22 N TR °C 27 33
FTEARERE kg-h'! 37000 38000
FTLZRIRE °C 160 168
TR ERE kg-h'! 350 550
TEFRIRE °C 160 170

442 BIFRBHIEIE

B 2 22 AU 227 P P A 7 A T o o R 0 22 - MR P P () e SR i, SR BRI
22 1 PR 2 B[R] ISS ORAUE R 22 18 /K R GERRAE HARMEANAE, X 5% WA 5 H AR LA v 2
GIAE, 2 HARIUAG R) R AR B, BERAR 1 022 IR O [R5 me AR 2 L 115
IKE, BRGNS H AR A, R X AN 2 B R R AT R A
AL 2 B ARG B b R E o i 22 1 K SR I TR SRR 0 22 K
HFEEAE /N, LA 22 IR B 0 FINME 5 S B R 22 R R IR A /N o AR H
PRERHUNS, AR 22 IR R B FRNEL 5 S BB ARy B bR R, 2 R DR 22 H R 2 £
e /MER — 58 BIPRE, ASBETCRR BRI o AR I R R B T B3 SR UM 22 LR
22 FIRCPRIZAT R IR AR B ARG, & B ZRE A Bhrs B R0 (4-21) By

VAN

5

min (‘f1 (x) —tar,

h(x)=2(@x+h)

i=1

fz(x)—tarz‘)

)

fz(x):Z(a)zx+b2)

i=1

x:[xl,xz,x3,x4,x5,x6] (4-21)
s.t. 18.5<x, <195

27<x,<33
36500 < x; <37500

160 < x, <168

350 <x, <550

160 < x, <170
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Horb, rar R O S AR,  tar, WL DR IIERME, stk
BRI LIRS ny, ny 0 RN 22 1B /K RV 22 H 1R R A R [ B 219 s 4
x N R MANLE, x,x,.. xﬁ'ﬂ%ﬁi@?%o AN [ 785 7 S0 A o 22 SR b v
AFE, HARRBE R AR, IR H AR R tar, 7 ar, FEUE T, 7T LA 3
AN[E] ) Pareto R i LA -

443 KGERDH

Z HArtRA M 22 HH 155 7K SR TN -5 300 B8 1 25 (R 22 H 03 B8 R ZE (A
HARefi 2. NSGA-IHEB I FENLAIAGAARE, SRS kw3 X, &5 7 ik
B2 AR, ZXEN 0.7, BRMREA 0.2, 1t NSGA-IURE N A s 4ed)
daARIEE, ARy ARSI SR R, XA R 0.7, BRMREA 0.2,

A SCIEF L) MOPSO 1A NSGA-TTAI G NSGA-TIFIS LA, Nl FiX =
FEA SR AT R LE AT, AR B E S 200, 7EFRE LU T, S =FhE2Em—
B A HRIE RN Pareto FALMELE, i ORALAGZE I HER PR A AT 524, 3 0 BEAT 1 10
KA R, I REX 10 R R LR G AT, EBCFIEAE MR AR R,
A& R 4-15 fios .

4
® MOPSO
1® ® NSGA-II
oo e HENSGA-II
~ 3 ® o
£ 8y
° °
= % o
A Y
oy o °*
iz ‘e &
O %% Py
1 * e, ,
ﬁ\ .: .. ® e ® ®e o
= “% ©e
.. ®
o.o‘ .
[
oo
0 T T T T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5

MH 22 th A KR EE ()

K 4-15 = Fh35E 1 Pareto SRR MBEENT L
RAEE 4-15 T LA, 250 NSGA-IE VAL AL J5 B 22 8 1 & /K R ZE R B 7E
0%-0.5% X [8], % bt L UE 0 22 H T8 7K R X 8] A 12%-13%, ZEE N 0%~5%, R T 90%.
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RIS, PEALE BRI 22 IR AE AR AE v B AT 1 IR BRGS0t NSGA-IIEE AL 5 1
HH 22 H 0 B ZZ (B ORFFAE 0°C-4°CIXTH), X b SRR 22 R EE X 8]y 55°C-70°C, 21
NOC~15C, NEET 73.3%. SRRV, RAHCR T 82, Fe0 e 7RI
SRS B R AT S P A

BT R =AFER IS R BON L, 8 T RE R SE. RIS BT S,
FEXTEERAL S RAGHAL b, B 5IN T ZRESEBVRIr bR, X =R SRR AT 2 i 04
=ML B Pk BEXS LN R 4-4 Fio

K 4-4 =M 2 H AU IR TEREXT L

ZHY Mt NSGA-II NSGA-II MOPSO
JH22 H TS K (%) 12.60 12.70 12.73
JH22 IR E (°C) 56.50 56.70 56.75
YIRS TE () 424 468 556
PACAAEL 27 26 23
GD 0.0605 0.0852 0.0919
SP 0.8044 0.9016 0.9868

(1) XF EE = BE I RN [8]: MOPSO 503k B 75 IR v S ) e 4, #EIS 2 556 75,
SRR BEE DI GRS T W o, Forh it NSGA-IT B0 ISR T ek, 1K
424 b, X FRIBGE NSGA-IT FIETEWSICHE B 77 T R ILH S5 %

(2) WL =FEERIAGA AR ol NSGA-IT BREUA AP EETE R AL A
AR AR, RARAARRT 27 N

(3) XF L = EVER GD WSkt br: gk NSGA-IT ik NSGA-I ik DL &K
MOPSO Hi% 1) GD {H 43514 0.0605. 0.0852 F10.0919, GD WS i b AR /)N 35 BH
A L S, BT LG NSGA-TT 59k A S fr s stk

(4) X =R SP ¥ o) MEdadr: it NSGA-II 51 SP {H 4 0.8044, 7E=
U AP EE 5 A NPT TN b 0 o k= = o & AN 2 S0 = i 2 K s e e NS i
NSGA-II SR MACMEEE 73 R KB A

(5) o =Fh SRR E Tk

43 3K 2t NSGA-TT. NSGA-II BA K MOPSO =R iE A iz T 10 ¥k, 1 HIE
TR E M. =P3RS Pareto s IR AREE LN 4-16 AR .
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T T
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L2 ERFREME (B
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b
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] o83,°
pui °
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E
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'
Sbnﬁ
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JHLZ B O S KREZEME %)
(b) NSGA-IIH
4
§
63';.!? .
o o
e o, °
. 1) L )
I
H e,
gl- - T oe o
| it
[
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ML DK ZEE ()

(¢) MOPSO #

K 4-16 =FhHIER) Pareto 52 &
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Hi /&l 4-16 W1, 20t NSGA-IIEETE 2 s T B T s iAe ek, 10 %%
Pareto AT Y EH WA, ZHH/N. MIXTE, NSGA-I Hikth &R eEt, Bk
ERIAREZE. R, SXPAELAML, MOPSO 5ikK) Pareto Hiy S I H £ Al A [H]
M, REARTESS 5 IRFIEE 7 UGSATR, LT R IRERBILG . KR KREE L
AR T R RIUR, SEBOLSTRE RS Bk, duk NSGA-IISVETER:
SEME TR E A, 75 =PRI R .

g BTk, RN 2 TR & 2 AR fE b, ol NSGA-IURVEEL
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