R S 5 S M (R S L A Bl

GG ks Eerk?
(LPERHAE (xE) ZFgEFR, LE 102249;
2R AFE THAEHESFR, LT WHE 110167)

B OE MEE AR EEEEOGE, AR ALE T SO SR T B AR A B R RN ) B SR IR R SR, B
A Pt PR Z X R R LR S R IR AT SR PR e B R T S BN DR i 22, AL B
B AT REXS AR ARG G381 R SURIE R o PRI, ARSI 17— 16 7 8 58 5 Ml R 5l 40 5 7 it 23 1 e A 28
PASRTH it R T S D0as . 10, A DR A B AR AR AR R, SRR (Pearson ) JriH A RT A AZ RS
EREZ A, JF2RH Transformer FETE; HUK, RTEETHR AN SR & T7 ik -2 SR M i R X s e 4
¥ ( criteria importance through intercriteria correlation-multi-attributive border approximation area comparison ,
CRITIC-MABAC) TN R EAGRI; FR, AR LUFINE B AL RIRY S i 5 R B R A AR BB i 4L S e L, JF
R JH LHIS"-NSGA-IS K i o el , 3Bt —A> FREZRIGE T $2 11 A8 S A0 1A A A p b

KR HEE, ETNAATE, S5, NSGA-II, Transformer

HESES €939

TEHBE R & AT 5T, HIE R O 2o sy e K B g 5 SR, H 2RI K AR
W AVEWR R B R T H 25 M IR A A A, A MRS R EVC LN 2 B oKk, BeuR A P e, 20
THREGIRRE; WS A YA S e AR, AT i B35, Emis | kil & HTE
Mlo THPAE BRI o, 2019 4F 2 2024 4F EREH B EORIG IR =535 47.1 4%, W1 & TSR
A0 IR O B4, MU TR R AR . NI, AT Bkt 2 A 6 R S ok
Al A, Bk F A MR AR A 1)

TEEREH RIS T, FRE s o) f iR Br RN, OB S I B A2 A 3 & 1A
FEPY, R, 3% i 1 T R T A 4 T R R S 2 R B 5 T . RO R AR R
UMY B, $Rm A B ST AOARAS HARY, AR R i R, ISR A T . W ACRA
R RS54, TR B T I S R SR 4% T YT AR A % S U S R AR T T
F RN S I R R S B AR R O A 2 M R B SR M 1 ST
SR, AR AR TR LV T 55—, MR IR R A DL R ok AR 0% 1 b 415 1 e it
I8, MR TAEZBISHET R . FRERMGEINF A RIT, X EREIMA T2 BArk 2 oA,

* BT EEARP e FH (72271244 ),
WEES R, hEATHRSE (dbs), Wi4/E, E-mail: zhangyanan2255@163.com,
@ latin hypercube sampling-importance sampling, 7 T 47 5 fifE-EEMAhAE, #FK LHIS,
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B, MR BRI T AR 0 2SR, XD SR BAZRIR AR, N R DA RN
XoF SR s v 1) 52 2 Bk R

A R, ASCHEE T AlG Transformer 2844 . CRITIC-MABAC 5 LHIS-NSGA-II f£5A 1k
PR RGN B B, AR IR B, T R A IR 2 ERE R, SRA
Transformer TR fhdd s 55—, RIMZEARITEMBTEL, BT 48R R, KA CRITIC-MABAC
BV R R GRS, R AL A IAEBT B, A E LARIE S A AR L 25 G R A BARY
R ALA AR SR LHIS-NSGA-II 353Kk i, # e Bl i 4l 4

ASCHA VLTS BT, B B O R A T R, 5 AGH DR A2 A AR SR
AEBLRE Ay £ TR0 ) A A e 2 —, S P R, TR SRR 2 AR it S ARTEME ) L AR R 2K
AR ARARLRE , B e B TR MR M . R, BT BT DT TP A R SRR E R, RIS ALA
23 B SR B K P )L, 778 4L A 5 B B | AR T 87 5 i — B Bl 0 2 i B Ak
PR, o, R TS TR BELIARE R Z RS A1, T DRI R Uh e RS ()35 A0 00 A 5
B AT LU SOREA A K AR, TN 22, bk so M B, S AR
FIHE AR EZEMER S, MR m A, KRR, e e s — e R ms
Ui R 22 H b 40— k) A

ASCEALITTIRR: S, 481 T —Fh R I s A8 ) BRI B 1 B R A S B e AR, iR LR
BHE T HET . SRS RN SRS A=A B, BT el . HYE . R 1Y
AR, B T HORIB A S RIE, S BRSSPt TR k. S, T —
FREIRIR S )L A A TR o T B 6 0 SEbrdiE, 28801 A2 (5 B e, TEHBOf R T
HEOTR T LA R B RS S M T T T S A R, SEEIT R O R A R R
AETIU , hy F4E 8 BT A SRR TR S B, BRI T R BB R I A . BTN
W E TP BRI E 2 . RS ZAENRES, I T 3T Transformer ZEM9 M Z BRI G T, 226
FHECE A . SCAREE DR UG , S B ks B2 AR A s 00, Ay B 4% F i 2 TR S A B i TR R
PRAE TR

2 NERGRE

ARSCR A T 1% D LA ) B SR S A BT R i AL S B R, AR e il DA . B T A R
A ZR G R =TT A SCHTTE o

21 ‘il

ELREAT GT R SRR R R IR S BB A AR E A TR A AL A AR AR . RS A AU B
TR EARALR, 30T LIRS SR R, O RO S AR, W RAFBRI, (L5
PIREMBITE R Z AL TR 26 A%, 83 B i SR B i a4l & 1Y R0, B o R RS AR
R, FHBWRRS], LB SRR R LA 42 22 28 i B 55, Shi 1 Sun'" 3 & 5
T S T S R R E PR, Xu AU AR B ERE L R I AR L e Y
B I M55 e A AR 2 A5 T 5 0 . Deng U DG v R SImAr LR, $HET
R R s SR A e M i I BE RS P R i i B AR A MG B, ISR S SR 1
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Bb, BRI R SRS R BN R R —, AL AR MU s Y 5 bR,
WA WEIE 227 B2 FE RS e i (R, e = X MR RN RS £ 5 SR B RGEE RS o AR, it [ R
AR —AERE R R, —J7 T, A A R T A L EME, RO R B B B A G
3T, RS R AR RIS RO B R — o DU R RS A B A, R AR
RONE, DT e 7 B 2 ) S R SR RE , O BB 1R] IR BUIAS A A R B2 Sl . 25 L id, ASSCHR
H—FP LRS5BT A A 2R & R BT R ah A S Bl E AR Y, LASE Gy i i A2 B PR R SR B iR

BV T K
2.2 sH=ETM

TEEREH R R A R SN, MR s T B T e B U a5 s S R, HR e
i B RL A AR TR o ELAE S SR o LAY 153 R sh 25 AN Sl R (T 5 St i iy
B, DI R4 i g

LG A B TR0 )5 vk BT I L B R, i G H AN A Be B AT Hm 0> e AR
FE . BB E IS P A —a AR, SR, BEE ISR, YA H R4, B
TR R K ARG B B Sh A I ST N Y, ARG ik R IR & B, MELAGE I B R
H AR B3

UTAESNE, TRBE 2 ) MBS ST BRI & R o A i TR AL T B0 . Loureiro 25 RGEIHAE T A
TRPZE L RIS | SRR U BEN LA L e SRR S B T R . Joseph 25V
FHB T2 M2 ( convolutional neural network, CNN ) ¥2HBUERAE A1, 254 W m) 48 #1017 ( bidirectional
long short-term memory, BiLSTM ) 2% >] i[5 LA 00N R St 77 2K o 278 70 B 1t 0000 Jy T B 17 =i ol
S, (ARG R S R R D S AR TR BRER, el FE A4 R AR A R AR i
BMEE, BOh BRGSO AT IR, PRI, 2R R VA P B LR L e
Xu ZE PR T 4 A 2 T 38 1ML A SRS LU HEEE ( attention-based text-image fusion with
similarity reasoning, A-tiFSR) fE4E, M43CA | QN SRR B (S BTG, kT FRAE S
B2 A IE M R Lin 25551 [y Be A g 42 22 M %% ( fully connected neural network, FCNN ) A&
R RSP AT R S A 5 R, IR R TR B S A Xu PR Sk e
A4 (multi-entity multimodal fusion, MEMF ) #EZ2, i I Transformer ZEA RS 4% . AT H
FERHIE, 1RV HRREE h RIS

RS B AE S AR A R Oy T AR R, (R R A2 AR S RS2 AR AL )
L, T AR 24 SR DARTT A VCECRE , R E T R SO SRR AL RS R, A SR
TP RS B 1 2B TIAE S . FERFIE S Y B, LT Transformer (14X 7] g fi5 5 327
( bidirectional encoder representations from transformers, BERT ) ¥ ARFEHSCAKRE, Al FHH58 I A9 XL m)
Transformer ZEASZIRIREE T F SCiE LR, (i AR 22 4% ( residual network, ResNet ) HEHURT & &%
FRAE, SEA 5 25 G A S 2 I 45 U1 5 PR BE T R g Il R0 Y FER AR Bl AN TR B B, 5 IATE R
TIPLHI LR RS RS, Il 22 W5 55 D T3 Z A T R A S AR ARRLRE , AFUERT#E &
FHEEHRMTTREEZH R, ARORMEG R R IR A &

23 HmEEERM

[ELE
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R BUETH BN R b SIS 55 A 2R3 S bt TH SRETE N S R b 220 5 5 JE R
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MThRE R ST ReEE, IRl IR HEERY . AR AR T, SRS RO EEHE L
0, W T EREE MRS R, B TR . B AR 2 AR IR AR
TG, M5BT HAR T SR SR S R I AR 2 — o BB e W I IR 55 et K fig iy 23 1nl
B, BTN R E S DY EiE B IR S A R T B B W S 4R e L K
EEPY, HR, B TR R T TP A S E YN R, BRI B BB S W AT N R R
R AN BRI T 2 TN RERT R, R RERR IR Se e SRR, IS A ik D, &,
Yy Ie HRE R I OSe P 12—, s AL P 6 IR 55 REAS i AR I 2 I R R S
iy 2 J

WH R EE G RIS D Z BRI, Je A E TR R 24 R My bl 2 B2k
A, AU 50T LASE R AR % WA BRI, R RAE RS & RV A, A Hehr S
FEREFFATHIEATIRA , 25 i 22 2 B s -5 %, & A 3 T4 RN F R O B 22 57
S HEATIRAL, S5 SREA FS, FAAER, Hrb, CRITIC AR, FEITA AR AR
A b1 TR B R AR AT, ZIE M 0T LAY N P AMER S I | AN AT AME SR D TR A T o e
Jrik =2, AIAMERR R T iR BN S 4232 51 07 22 IR PR R B PE A T LA oAt 25 32 PR T A PE i EAE b
2% AT R MR SR 2 A 1 28 T BRAE f# HE 725 technique for order of preference by similarity to ideal solution,
TOPSIS ) 1 Ly Z- Ui 2 MABAC!™ %5 AT LILE & 8y RN FEE, Tir % g4
JRROL, LERT R ROOCS SR AR . AT AMER SR R RN E A2 R Z [ B AAME:, T 25 1B R
VR e, XAk RAATHER o A AT M S A G 25 B A 40 U R i A M e 5 A PEAG )
TS, T FRWLE S TCE T AN, B Zr rh i — B AR ThRiE, BIVEIRIZRSIE T 2. AT ATy
BRSSO T R 2w R Y kA, RS AN NI T S S A e S, SR
TASNINAL, S ER A R T B R S A E B TIPS, DA SR BT MR R i,
1 MABAC % B 4167 22 5 R UIX 3K ( border approximation area ) HIBEEGM ) 28 Bk nf, T
BT 50 H 5y TR 456 0 Bk, ASCHET RS Bris . R il BT A AR =N 4ERE, i/ CRITIC
B 2 T 2 5 R IRTE AR AR, ffTF MABAC TR R R A R IE.

3 |[AIEEARAIRIR

3.1 [a&EHIA

WE 1 s, R A T E R KA T BRSSP E ISR . AR AR
ROBLRT A, ERRET A SR MRS, JHEIEG R St R . A UKL S St
O RIUIRE, AREE T R B SR, ST G AT IR ST R A A DT SR L R R R L
FARTARSCHORE, R A iR R e . T P UUE TR BN AR . T HIASEAT S H BT R Ml
KEERR G TEX—id e, b TR e AR A DR, SCERIIA a oA, R T R
APy Bk R, R E Sl AR A LG
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(1) FERELEFEART A AT LUS TR — AR, A nT LU TASF] SRR o

(2) Ry AFEEBRGT RN, BB i 4 PR A KPR R A 2 1 2 oK

(3) M TASEl R, =R BB 0 SR A O A R

(4) fEFl—SEAE, Sh AR ] RO R AR 2SR i

(5) BERUGRAETHIRT Sh 0 . 57 i U AIRE R S BT R A5 B B AR P U RE AT IR AL

4 FRHERSHIEWIFTIREeESHERILN

ARSCRI T — A =BrBe SR S e B8, sl 2 Fis.

4 NBEL: B S Y T I\

BRI % 0 HIE L5 Transformer 5 RO
ps i 14000
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/‘45 Ry InJ Al CEEEEE 0.6 3000
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4 B AT Rkt R B )
BB bl L b 5 b b ety b (R |
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(1) BBz 1. R OTRT e o . LT/ D ey | 8dE . i {5 e, (A Transformer J57%
XoF AR A T T

(2) BrBL2: HWHR MR . (H CRITIC-MABAC J7i: X 5 fh 255 BT o

(3) BB 3: WRRIA AT . FEELLR SR AL A ZE & R KA B AR AR A 4L A i a2
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4.1 K1 SESHEEEREER

AT — T S E R A 1 BT R A TSR, Sl S AR . SORE R MR R
A5, KM Transformer J7 75347000

411 FHRESHEETNREZIRS

AT BN . BRI v =R TR SRS R O . e, A A R
P, B RS A5 . R A B S DU B B, T A RS | ) bR R e A T B
HGSE B R B AR R R R EDWASE R, e B [ R A R R T DA S SRR 2 Y
WASE R s AR ARG AT HI Y 2 W S RS (A% DR N 2R 22— 1)) Sl o 20l i s s M AR I 3,
RN H KR AN, FOhS R G0 DL P AR Y 2 (s AT A A g, ki
PEE SRR, Ok, ERE RN AR YRR . DR B Y O . AR R A R
i HEHR DT P TG Ml T R R S R SRR AN A, AT I I S py T REPEC Y o S 7 356 P ) JEB /s s i)
A, THPE MBS L, ST REEE A . B ELE R R I R A B S R T 2 B TR R
TIPSR, B, SRRt BB OCGA A& P . S Ak NBU R, R
PR GR AT (5 BERRT , E IR B0 2l B 2 Ui s 0 2 P U B BT A3 RE Y R 9 2 0T B i A A
PEMIHR R P A IERY 8 BRTR, A G BRH SURT A By R IS i N A2k 2 B,

®2 HHREMHEMUAZWER

Eei AR ES EiEtan (¥ R
T At A F K PRI 15 AR
TR FREEPEI R R
- ik Tl A 7E LR [ P 1 5 A JC
T i
Mragrdn CRIAh B H A - A% ) /RS B e %
WO AR S F % e Ty 0
Z HALLE WO A2 AT ERESZ AR AR LR %
Y FRE A S B AR B ?’/"
HRRE M B UINES T R T R R R T F
LR PAYR B T R R 1 T R A~
PRISIYN TR i T R HR 1 T8 N L
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KPR B PR 43 (1~543)

412 HHEEMZEASEBZREUEAE

AR A S AN RS2 AR RS TR EE TR — DA RS R, Ho, A SR AL S AR SR
P AR AE ), 208 32 A 12 3 8 A 5 BRI SRR AR (O RS AE ), FE iy v, 7
SERAG ERERZ AW TG T, SAEARKRERE e A 2 SRR . R A2 AR B A3
LT, HRH MWL REAAESZ IR K2, MR 2R S R AR B AU R, )
el A AT BERSH e A O B, AR TN B B A A SCEBA AR RS IR R AR 3 R o
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R3 FEAREASERZLAUETEZWEER

Al FAEES X
el T B IS e i
AR THPEE IR LG, 3 5 DAFRBL
ERAEAE B
N iTigin THPH MBI, 438 8 DAl
THERBE MR THHH HTE R
Mok R e i THPH TERT 2B, 53 8 2
A H T B T A S P TR i S 7Y
[EIEIEES
BNk S il RIS KE, 30 6 DIXIE]

ASCHEF R AZ A5 B TR Z AR

Step 1: ZEIIEALEE, i Pearson J5 ikttt

AEHIIR SO
Step 2: A AHLIE

58, # ] Pearson J5 i1 R it Z A EIEZ AFUE . Pearson
AFBLEE fit i 220 i 79 L 500 =2 (0] T o R R PEAR G RR B, HBUEVE FBIZE -1 AN 1 2], BRI,

WAL AR

R =

Zle(Sk —§)><(S,,k -5,

T, T B % AR R S AU R MR P R

) o

Hrpr, S, 3R EREZ AL kAR R FREUE; S, FRR
1S, 535913 S 52 AR i 52 AT AT 520 DR 3R 1 F- 241

41.3 HESHEETN
ARCAE T £ 3k A R ALY Transformer 2R JE1 T RS A E W, EARAE A 3 Fiw.
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K3 ZRESTIER S
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Step 2: ZBIEFHMERG . FIHAFENHUER, XPRRIBESREIACE R R TEEL, MESEEEN
PICHE, ARUERAZESER, a5 i RHEROR

Step 3: ZAHA Transformer #EAMGHEE, F X Transformer BRI AGLEH), R = MR AORIERE
2. 22 Transformer 4fid)2 A 2 AL, D/ METT &5 5 Bacas iR 2 il 2k Bir.o

Step 4: BIRIIZR S50k, (HHVIZRER WX 2183 Transformer B TIIZ% . 1 Adam fLfbgs
BOPBAI AL, BOEAE R 1B G . TERDNUIGREIAN, TR BRIt 28

Step 5: FRAYTEAS o (IS PEAG IR G PERE , TR HR1% 22 (RMSE ) P46 %] 12 22 ( mean
absolute error, MAE ) il R* &4k, i A BG5S ka e k.

Step 6: TN S545 R 001, (8 I ZRiF 1 22483 Transformer F5ERYXT 2R 877 5% 1 i A e e A 7 7000
O PTIEMEE S, DALY 0 SRS B Az fh g

42 Kk 2: wEREmESEERITEN

421 HHEEMESRIEREIR

N 4 7w, ARSCHET IS B | j it B A AR =R B T DT RT A SR G R BT . 1,
e 55 o oA i B A R R AR 5545 o i B AR 1 BT S B A R b i RS s RIS S R T
A B PRI S A TR IR 55 /KT, R A PRI AP R AR LR R T R
BRSBTS T I s TR R T SR R TR SR A PPN RS WTRACR BN 2
WIS, SRR S R A R R T

R4 HEEAREARIIER
X

Fonl W pe [
i JEHIAR NN TR, S H 5 P (1~5 9%, | B, 5 Yelies)
T
a RS A G R Y IR KT I (1—545)
AR BB = 32 I (1=540)
R
s AT L] %
I i I T BRI I (1=540)

422 wEEMESRWITM

ARSCHEH T —Fh 3T CRITIC-MABAC 0 5 1 i i & R BPEM 7k, i CRITIC AR Mei e
FIFEAREIALE, (] MABAC AR a2 0E, SEmixt mg S Hi s . BAARSCAARnF .

Step 1: FAHERE hZE A FRIER .

W hy = hy
r r EER

R=| ¥ 2 Mi=12,N; =12, M) (2)
er rN2 rNM

Hrp, M PRGN IR EREINEG 7 FORAERE P IS (AT5 ) 50
Step 2: PRUEALALIE . X AR RS AT IE 0] AL sl ) A oAU AR B, T BRPEAN 5 b A R 1
RIS o
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r; _rmin
== (3)
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7’;1’ — __max J (4)
rmaX - rmlﬂ
Step 3: 1A IR M
(5)
Sj. =
ol S, FoRE JAERRIORRE
Step 4: ITHEARIRIPSENE
P
H, =Y (1-h) (6)
i=1
Horfr, b FORVEORERR | F j Z )RR DG R A
Step 5: i‘l‘%{%/@\%t}
C;=8xH, 7
Horp, ook, WS j ASTFAHERTERE IO R bR 2 PO ATBOR
Step 6: TR AFEIRNE .
C.
Wj,:P—],j=l,2,-'-,M (8)
Zj:] J
Step 7: ARG
v, =(x; + Do, 9
i Vi Vim
p=| " TR T (10
Vi Va2 Vm
Step 8: THRE M EIRIL AT MR g, , BIEDFRFIEE G .
v Vi
& =(H"U] an
=1
Step 9: THRICR v, 5 g, XA, FHRIRAERE
q;=v;—&; (12)
91 492 Y
Q: q;21 q;22 qZ:M (13)

v 4v2 " 9wm
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Step 10: #ifi & FebrbnifEi FE LXK IR
21 q, >0, WZIF RO T I IXEG #ig, =0, W R TR b5 47 ¢,<0, W RAET
WX R Ah 25 A R B PN 45 SR F L L X IR T el £, MU BRI R i I 25 R B

G+9 C],/>O
4, €4G, q;=0 (14)
G75 ql/<0
Step 11: PP R ZRG R,
M
W,=>4q, (15

AR SCRER A 5% 25 i A 5 7 S AL R R i 2 R B BT

N
MAX Z, = > x,D,BP, (16
i=1
N
MAX Z, = > xW, (17
i=l1
Subject to
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.= I ik ST (18
0, Atk
N
dx <0 (19
i=1
6, <k (20D
veR,
1, x, =1
5\) = iEZG; (21 )
0, HAt

HArea% (16) FoREAALFNE, R E RS 0 S DA A

Hirekgl (17) FoRE IR G R,

R (18) FoR B IR o

FIMECE AW (19) FoRE—S R B3R R B R BCE AN o] DU A e (E, (i &
F& 7 52 B RN R R R AR T

AR (20~21) FORTE— EAE D B3R 2 HBBEARIR b 0 R Rl — i 2R R

432 wHEEBMRAESHTERE KRG

7 BT R A A e AR R B BRI R

Step 1: FEFRUREHE, S AR ShECE, A 0T R4 A i e 1

Step 2: WIHAILFIEE, BAEREENRL, JET LHIS J5 kA4 i— W Lh A ARt LR RS

Step 3: XIWIUAFIEEIEA TP AR S BCHEY DL SR . A8 SRR S A5 4RAE
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Step 4: AMFFINT, AnSRA R — ORI REIN S RTELACE =2, QRS A B — RN E S Step 3.

Step 5: A HACFIEE S TAORHE,

Step 6: X HTFHEIEA TR LB EHET I RET R, 0 —feAb B H AR Rk, I TR R

Step 7: XTHIFMBEEITIERE . 2| AR SRR,

Step 8: FIWHEERFIZ MR RS, AT AR, 2R, WbmReRiimeE; &
MEARESE I —k, B AT Step 5~Step 7.

FERAGI B M ESS . TEAEMFEPIHER A FEF RN B RS A G0E R, A
CRITIC-MABAC J7 i 4TS rh B S 45 #E A THE P 8R40 o
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5.1 3CI§i%AAH

Y B AINA 347.7 T AR 2B TSR 1R, AU DT 4.9, RS
MMPEEM A, AT, 5 Y ERESERMERHE 60 %, BEE Y BREMA RS, BoksZ A8
P Y Y ERIAMRATE. I, Y B E a2 S 0 rxEE. ASCLUZ TR0, Bzt
A3z Elks (FASEaT TR iR ) HIIAAZE R T CA AR ), s CHBGZ 8
SO R RS S A AR A R RS, A B SE R A 52 A A S AR URE AR A TR A T |
i 2R e R IV LU S S R E S A

ARSCEE RS B R 6 B AN RNEERSFF- 510 Y 5% 2024 4F 3 A 2 2024 4F 4 A 1Y ELHE
Lo R . BHREAT 28 S E AR . 306 FiETah, k1203 Z%UE . OCHE R RREATESSTHINER 5 R

R5 KETEMHRMESIT

ARk 2R HyfE b R/AME S IN[E] LRIDA

ks 156.71 200.36 15 3300 109

Mg dfrdn 0.86 0.23 0 1 1

IR TR S EARRZ AL 0.73 0.31 0 0.96 0.85
YR 900.08 1294.58 0 15 818.00 741.50
IRCUINER 15 668.97 9248.13 3.000.00 45 369.00 13 269.00

LR T 72 21 5 115 68

Sl A 4.89 0.13 4.50 5.00 4.90
LES:3 4.81 0.29 3.70 5.00 4.90

(LN 4.89 0.16 4.00 5.00 4.80




54 [HRRGFH H35H
A AR ¥IE brifiZE f/IME BRME EREIVE ¢
TR 94.21 5.31 50.00 100.00 94.84
LY/RITREN 54 491 0.20 3.30 5.00 4.80
5.2 SLIESKI
521 ME1: THEEMEETN
mZF 6 P, T (1) TR ST SZ A EREZ AR ALE
K6 THEARZASIEZAZEZNHEINE
L el G NBEI AR EBIM R it e E| TSNS K3 AR AL
GO1 1.000 0.646 0.959 0.930 0.620 0.548 0.544 0.799
G02 1.000 0.991 0.971 0.980 0.992 0.922 0.844 0.959
G03 1.000 0.991 0.971 0.980 0.992 0.922 0.844 0.959
G04 1.000 0.379 0.962 0.950 0.713 0.578 0.927 0.804
G62 1.000 0.865 0.987 0.990 0.996 0.734 0.095 0.816
G63 1.000 0.865 0.987 0.990 0.996 0.734 0.095 0.816

BT R A B e TSR [ A
ﬁﬂﬂﬁ;ﬂ%(mﬁ%%ﬁﬂﬁ% TG AL

=)

%

N 2 7R . P 70% BRI gREE, iEtT

gl

SHEEBWT . 3% 0.0001, HtEI/NR 8, YGEEECH 200, 243 REEERAEK K 2000, [&
WORLERE Ty 256, HEIBCh 8, T FRSH, liH] Transformer J7EFIAS#, R*Hy 0.871, F1
AXTiRZE N 78.20, M HLRT AN ETINSE AN 7 iR

F 7 HEEREETNER
T i TR
GO1 7508
G02 2345
G03 2674
G04 298
G62 60
G63 75
522 KiEk2: HEBAMREARIEN
e 8 s, R R phsE A T P



XL SR Sk ieilibki

BT i 2 S S R

55

®8 THEMEARIAEE
Fihh JE A [ELLLEY o LYRREN LER Sy TR
Gol 5.00 5.00 5.00 5.00 0.95
G02 4.90 4.95 4.95 4.95 0.94
Go3 4.90 4.95 4.95 4.95 0.94
Go4 4.80 4.80 4.80 4.80 0.94
G62 5.00 5.00 5.00 5.00 0.95
G63 5.00 5.00 5.00 5.00 0.95

WPE (2) ~30(8), TR GTRY

(==
HEI%T

TSR, HAEHAR 0.15,

AL 0.19,

YIRS 0.23, FIZMRSS 0.20, HFR 0.24, MBI (9) ~X (15), TEMRTMEES R, TEMEER
%9 F/R,
R FHEEREARIITMER
T PN E
GO1 99.97
G02 81.15
G03 81.15
G04 79.84
G62 99.96
G63 100.00
52.3 M 3: FHEEARERHTE
R FREE R TR, IR B IR BRI R S ar A BB B bR, BE B 10 PR,
oA B RS i 25 A B3 SR UE T B SC A B B T AT S 25 & R BT s T 3% 0 Bk (5 81k

ﬁk@ﬁziwmmmemnﬁﬁk%% %R i A A AR
FIEARECH 2000,

AR 0.3,

W HIB T

2R, PR/ 500, B
TNAEEH 0.8, LAEIEALSRAM AR R KIS, JET Geatpy

e S
WAL T HALK A
F10 HHEARASHERE

T i i T A 4= W msr AR
Gol 39.80 7508 1% 99.97
G02 100.00 2345 1% 81.15
GO03 100.00 2674 1% 81.15
Goa 150.00 298 0.5% 79.84
G62 27.90 60 1% 99.96
G63 54.80 75 1% 100.00




56 FEARG M H35H

i CRITIC-MABAC J5 %00 RATAEENATHE Y, M€ i mdl A %N Gl, G14, G19, G28,
G34, G38.

5.3 XfEboth
AT X S IE B T S Y B R o A AR ) PR

53.1 SREFEEMHETMNREN LS

AR B A X P S IR TR AR SR H 475 B8 B R 52 AR5 RS2 AHLUEE (1
I EE AL . PR i, AT 5 BB BT R A S AR5 SRR AATHRURE AN 22
ARG RS2 ACRHBLEE Al B R bl B B OO . EINZE R Ak 11 P

B i B

CidE
Az O S
B A

3 3
K

z 11 FAETEE

AR ZME R EE
MAE 78.20 192.52
RMSE 215.25 236.89
R 0.87 0.84

FET AR R ZHS R NAR, A . 3 11 Fon, PRk E2a LT 2
5. B, BB A BINER A TR BN, SO 78.200 HR, B REAMLURE B TN R A4
SRS ESHERIRZERUN, O 21525, e, B AR R TR AL S RORE L, n] US4yl
BB TR IR, H R 0.87. LA HSE 45 ik T ERE , 5 FEAR LU A TS R/ MAE
RMSE Ml R* =AM b5 34 500 T 2 WA Bl L A TR, eI LIRS e A e Vs g, FLACARLAL)
FRCRTELS o NI, ASSCHERE TEAR DL AR N7 6 33 i B 2

5.3.2 WwEREmASHEEIITIL ST

AR RIS IR M SR UE AR SCHE R BT R A S B S AR A DB o TR, AR SO T s e
PR T F2H 22 FALRT AL AR . DT FIBFAR R S A e 1 s AL LRI 1] i i AL
BERR ;. OILLIRT fhZr & RN 1 RIS AL SRR A A 0 A Y dh 2L S A E A ;. DA
SCHR 97 AR TN 1 R L S B E AR . fESCER T, T 2024 4F 3 A 1 HE 3 A 31 HIYEHEHE
RTINS Ry A A S0, (] 2024 4F 4 H A ERE B IO R ITR AR dh 2 R 8. Ho,
HIE RE S g B LA SR LA 43, B 1 )R 22 5P UACAR 5 1 a2 5 R BRER 5 % IE IR 5 i
Vgt B AR e, M R R ey B 1 D IR BRI A R Bk R A AL, 4
SR SR EAR A SRR AR . BRI 4 B D I B RO SR, BRI BRI B S R A
HEFESTRI T, X Vr m B e sTikie 2% . Hoh, ASCGIALRE s T2 a1
ARG 5 RITE S . ARBET B R S S TE 45 R ISR 12 fios.

x12 BHmAAN

Y (AL HlE LA R LEAVESY
R | Gl, G2, G4, G6, G8, G25 4559.00 420.78 0.32

AL 2 G1, G6, G8, Gl4, G22, G34 7564.73 351.73 0.60




A 13 55 Ty K K A B T b 2 45 R

=

57

a4k
A A A Filir HAZR AR AV
T 3 Gl, G15, G28, G39, G51, G61 3242.78 558.78 0.40
FRR 4 Gl, Gl4, G26, G28, G34, G56 619323 516.76 0.73
RS G1, G14, G19, G28, G34, G38 6424.73 516.84 0.76

W GEATF=0.5 X ARAELRNE+0.5 X ARHEAL TR fh 25 &R,  ARHEAL(E L T 9000 80 ()3 — 1A 38, HoApoR)ESE N [3242.78, 7564.73], T
TR ERITEEIA[351.73, 558.78]

FET AN RN (17 6T R a2 5 0 E 25
ROR FALT B 22 30l B — H AR OB flhn, AR 4 W9ZR50F00 0 0.73, B3 THABXT 1L
A, K, HIEFI R TN BERS S ER M S BT oK, SIAB RTINS, e A A R AR
BT A BN, BERY S FEMIE AR AL R BT R TR 4. Z8 BRI, 2B A R T Y
HOTRT S S AT AR TR e R AGE , BE T ARG AR R R S

533 WHEMASHETEXTLSHT

AT B H S UE B AR SCER R (T 0% B AL A TR Db PRI, AR SCREF A SCHRES
I =ML E R AL (DI T BIE TR AR AL S BRAE J7 75 s Q3 T RBOIRI AR i 2L S e 7
%5 QAR E IR R BN AR A LS TE T 1% ARDTEA RS AL S FEST RN 13 R,

F13 HHEERESHEHEIL

, MHIESHEIT . B, SIARRSGE A R RRBITE R A

B FaAG FiE TR G RN ZA
LU Gl, G9, Gl4, G15, G26, G56 5997.25 516.90 0.50
HR 2 Gl, G8, Gl4, G22, G26, G34 7253.73 437.09 0.50
AL 3 Gl1, G14, G19, G28, G34, G38 6424.73 516.84 0.76

E: ZEATE=0.5 X ARELLRIE+0.5 X bRuE AL T8 R BL, AR B L TS0 0 B 10 )9 — A e, Hrh RETE R v[5997.25, 7253.73], T
S AR PTE FIN[437.09, 516.90]

SET AR A R AL S e SR, AIARIH AR ENE: B, AT BIER A IR R R
AR EHA—ENS, HREREERTTA R B0, 207 LR E G RN 516.90, (HHAIEKF-
BCh 599725, HUK, FETHUARIRITIEREE AT T S A, HERS PR, B, 207k
AIAE R 7253.73, (HHRTMEZEE RN 437.09, LT, ASCHE T AREBIAER)IE S5 3 bt 25 5 R 3L
ZISEEL T AL, HERGIFaE] 0.76, WIRIETHAT .. L2 Bk, BUARRIA AL i — R
BB 1 R PR, XL [ N ST 4 A 5 I s e 4 0 5 AR SCHR HE A 2% RS A e 100
AR A2 B B0 E T IR S AR IR I U B AR, ] TP B i, Bk A
SOTE A Rk S LA .

6 BEBR

BT EIRSIENE, OISR e TR, AR PSR S 7R o
F—, TRERCEAE CHE-DR R R DL E SR TR A . AELBFR T, 2N IR



58 FEARG M H35H

RIPEAC R A A 5255 3R, SCBUR IR iR kAl FRf5 8 RI, Fa 2Emad veg o fet vy it 2 5 AR K A
eGSR SR O SRR T R RS BRI BRI, WS R0 9% . I 2 B A
JBE, HEsh ERE AN ERE LT

5, JERR N EAR I a2 S P RE O S AR RE T, FEOr KA s I E R I 51 AR
R R ERE T FOB A, P @R B0 L, Ry BB IR . 1esierth, mii
G R R R AR A RERSIE U B 5 VR A R )RR, AR MRS R A T RE OB 22 (54 R R 1B BT UA
G PRI, R SN X 2 i AT A 5 I EFC R RN g 15 Dy S2 52 S5 Kt . SURESh A e S e
Hag, WhOR BRI RERS R B TR S A O T Hr 2 n B B L &t 55 1 P 2 o

7 BE5

T 7 S 38 5 B R B A B R S AL A A R AR R SR R i B A R, A AR AL A
EARTEBEWEGARIES, WEHRETR, BAGRTTR, $EERE, T e B b i sk 5 324
ArHE R ), A G L M D S B RS, ARTE SRR . RS B DAL DA AR T R T g
SRR S U R LA R E R, S5—, SR Pearson 77T ERT M AZ AT TRESL KL 5,
FETHALBE FNRG G5 B 25 RS 8E . RAT Transformer 5, Tl FHE A A LS RT M m4s &, 55—,
kM CRITIC-MABAC Jriki PR G R I, B0, ST RS S s A5 R LR R i 25 G R
TR ES I, MIERE R 25 A R R S 4 A i e B, SR LHIS-NSGA-IT 53k R -1
HARRI A Ao S, ARSO R TR BT, S0UE T AL S, R Hek AT S
TR AL AR L 22 5%, UFIAA SCRORL EIR i ah Al S i e B — e i o ok, B mr
DATION T AR 3 Imde, 38 NI i ol DA SERS v bt (2 T B oK o Ok, R 2 i)
DIHS Bl R S IR R, MO S A R e s SR B . MR LS RS . SR B RTIE, RE
& 7 5028 B BRI sl ) LA e AL e AR T DA B AR RS v C AR T a0, IR E R R, 2
T at, [FR SR SR 22 0 H SR, K R B e I S A

AT IR UAFFE T 1) o BN, w] DA i Fo 4 B Aa it i B i [, R 0 2 2] S5 07 1k
PR PR (ARG R, A AT R T 5 A T D) R R A B o S Bl v R shin) A, T
SESJ ST, KRS AR A T, B ARG R

Z 3 XM

[1] Peng XX, RenJ Q, Guo Y T. Enhance consumer experience and product attitude in E-commerce live streaming: based on
the environmental perspective[J]. Industrial Management & Data Systems, 2024, 124 (1): 319-343.

[2] 55 B B A AT WX &« T 2 3 B E DR 47 3 SE il 2% 61 45 9% 5 DL [EB/OL).  http://www.scio.gov.cn/live/2024/
33697/tw/[2025.06.12].

B1 S, BRR R, Bk ERER BN ERE PR IS A iR 2 TR T ). B, 2025, 41 (4):
175-192.

[4] Chen H, Chen HT, Tian X X. The dual-process model of product information and habit in influencing consumers’ purchase
intention: the role of live streaming features[J]. Electronic Commerce Research and Applications, 2022, 53: 101150.

[5ST Wongkitrungrueng A, Dehouche N, Assarut N. Live streaming commerce from the sellers’ perspective: implications for
online relationship marketing[J]. Journal of Marketing Management, 2020, 36 (5/6): 488-518.



EAR I 52 T B KB P B R i 2 AR 59

(6] BEIAK, MUEE. S-O-R BIRHUR T 1K 4 . OGS HU R BLEE HI 7 W AT N B b A ROSERIT T, ST 5, 2024 (8):

55-65.
(7] XEA, keSS, Tk 4 IEARI AU SRR 98 0 SC R B R w e [0]. I iR 15 5Cik, 2024, (4): 153-157,
226.

[8] LiGM, Jiang Y, Chang L T. The influence mechanism of interaction quality in live streaming shopping on consumers’
impulsive purchase intention[J]. Frontiers in Psychology, 2022, 13: 918196.

[91 ChenYJ, WuZM, WangY L. Omnichannel product selection and shelf space planning optimization[J]. Omega, 2024,
127: 103074.

[10] Tharwat A, Schenck W. Population initialization techniques for evolutionary algorithms for single-objective constrained
optimization problems: deterministic vs. stochastic techniques[J]. Swarm and Evolutionary Computation, 2021, 67: 100952.

(117 BRI, X, AR, 55, KH AT SEE Al (X et £ BIURE B8 AR )]. AP B AL A2 2440, 2022, 42(14): 5067-5078.

[12] HE—FL, BEFdE, B ET 20l NSGA-IHIEN = HliEREH SR RN BFS5EH, 2022, 31 (11):
30-36.

[13] XuW, CaoY, ChenR Y. A multimodal analytics framework for product sales prediction with the reputation of anchors in
live streaming e-commerce[J]. Decision Support Systems, 2024, 177: 114104.

[14] PenglJ, Zhang J H, Nie T F. Social influence and channel competition in the live-streaming market[J]. Annals of Operations
Research, 2025, 344 (2): 617-645.

[15] ShiB L, Sun Z M. Product screening in live stream: an equilibrium strategy analysis considering streamer product selection
and platform inspection[J]. Arabian Journal for Science and Engineering, 2025, 50 (15): 12199-12217.

[16] XuYF, QiJY, KongJH, etal. Strategic decision making in live streaming e-commerce through tripartite evolutionary
game analysis[J]. PLoS One, 2024, 19 (7): €0305427.

[17] DengF M, Chen R, Wu B G. The effect of product selection in live streaming on firm performance: the roles of interaction,
scenario, and brand-consumer congruence[J]. Journal of Business-to-Business Marketing, 2025, 32 (4): 479-494.

[18] LiKL, YaoS, LiYJ, etal. Deliberate shortage in live-streaming commerce[J]. Omega, 2025, 131: 103201.

[19] Gustriansyah R, Ermatita E, Rini D P. An approach for sales forecasting[J]. Expert Systems with Applications, 2022, 207:
118043.

[20] Maaouane M, Zouggar S, Krajaci¢ G, et al. Modelling industry energy demand using multiple linear regression analysis
based on consumed quantity of goods[J]. Energy, 2021, 225: 120270.

[21] Ferbar Tratar L, Mojskerc B, Toman A. Demand forecasting with four-parameter exponential smoothing[J]. International
Journal of Production Economics, 2016, 181: 162-173.

[22] Ye I M, XuZ S, Gou X J. An adaptive Grey-Markov model based on parameters self-optimization with application to
passenger flow volume prediction[J]. Expert Systems with Applications, 2022, 202: 117302.

[23] XuW, Zhang X H, ChenRY, et al. How do you say it matters? A multimodal analytics framework for product return
prediction in live streaming e-commerce[J]. Decision Support Systems, 2023, 172: 113984.

[24] XuG, RenM, Wang Z H, etal. MEMF: multi-entity multimodal fusion framework for sales prediction in live streaming
commerce[J]. Decision Support Systems, 2024, 184: 114277.

[25] Loureiro AL D, Miguéis V L, da Silva L F M. Exploring the use of deep neural networks for sales forecasting in fashion
retail[J]. Decision Support Systems, 2018, 114: 81-93.

[26] Joseph RV, Mohanty A, Tyagi S, etal. A hybrid deep learning framework with CNN and bi-directional LSTM for store
item demand forecasting[J]. Computers and Electrical Engineering, 2022, 103: 108358.

[27] Lin Q P, Jia N, Chen L, et al. A two-stage prediction model based on behavior mining in livestream e-commerce[J].
Decision Support Systems, 2023, 174: 114013.

[28] 3 Ee & . 2020 4 AP [E B R R AE S B 5 R 25 [EB/OL].  https://report.iresearch.cn/report/202006/3606.shtml
[2020-06-30].

[29] DevlinJ, Chang M W, Lee K, et al. BERT: pre-training of deep bidirectional transformers for language understanding[C]//



60

FEARGAR 35 H

Proceedings of the 2019 Conference of the North American Chapter of the Association for Computational Linguistics:
Human Language Technologies, Volume 1 (Long and Short Papers) . Stroudsburg: Association for Computational
Linguistics, 2019: 4171-4186.

Cai G P, Wei X C, LiY. Privacy-preserving CNN feature extraction and retrieval over medical images[J]. International
Journal of Intelligent Systems, 2022, 37 (11): 9267-9289.

XIMHE, FILHE, 1L —FFElA AutoEncoder 5 CNN VR & B T EUSSHMERII]. THENS B, 2017,
34 (12): 3839-3842, 3847.

JERIRH, MEGEN, #ALL. FET Sword2vect B SCAELRS fh IEAN I M T[T]. P RHEOR 544k, 2020, 40 (3):
504-511.

Rita P, Oliveira T, Farisa A. The impact of e-service quality and customer satisfaction on customer behavior in online
shopping[J]. Heliyon, 2019, 5 (10): €02690.

REZE, E@EMW. B R “EFE” ? . ERFHRRERERS O R E TR ] RS COREE
LR, 2021, 41 (12): 65-77.

Sullivan Y W, Kim D J. Assessing the effects of consumers’ product evaluations and trust on repurchase intention in
e-commerce environments[J]. International Journal of Information Management, 2018, 39: 199-219.

DyfF e 6 55 LT MDA AN 55 O X I B A M SR R S SIE AT FE ). RIMLZRBRRTFE, 2020, (17): 85-88.
LiuYT, Sun ZW, Liang HM, et al. Ranking range model in multiple attribute decision making: a comparison of selected
methods[J]. Computers & Industrial Engineering, 2021, 155: 107180.

Dong Y C,Liu Y T, Liang H M, et al. Strategic weight manipulation in multiple attribute decision making[J]. Omega, 2018,
75: 154-164.

KURAPR, F3H, IR 2T 2L SRR o S SV I]. Seit- 5Pk, 2023, 39 (20): 168-173.
Sharkasi N, Rezakhah S. A modified CRITIC with a reference point based on fuzzy logic and hamming distance[J].
Knowledge-Based Systems, 2022, 255: 109768.

Hajiaghaei-Keshteli M, Cenk Z, Erdebilli B, et al. Pythagorean fuzzy TOPSIS method for green supplier selection in the
food industry[J]. Expert Systems with Applications, 2023, 224: 120036.

Zhang N, ZhouY F, LiuJ, etal. VIKOR method for Pythagorean hesitant fuzzy multi-attribute decision-making based on
regret theory[J]. Engineering Applications of Artificial Intelligence, 2023, 126: 106857.

Zhao M W, Wei G W, Chen X D, et al. Intuitionistic fuzzy MABAC method based on cumulative prospect theory for
multiple attribute group decision making[J]. International Journal of Intelligent Systems, 2021, 36 (11): 6337-6359.
Akram M, Ilyas F, Deveci M. Interval rough integrated SWARA-ELECTRE model: an application to machine tool
remanufacturing[J]. Expert Systems with Applications, 2024, 238: 122067.

Zhao J H, Rong H Y. Multi-attribute decision-making based on data mining under a dynamic hybrid trust network[J].
Computers & Industrial Engineering, 2023, 185: 109672.

Dai W F, Zhong Q Y, Qi C Z. Multi-stage multi-attribute decision-making method based on the prospect theory and
triangular fuzzy MULTIMOORA[J]. Soft Computing, 2020, 24 (13): 9429-9440.

Pramanik S, Mallick R. TODIM strategy for multi-attribute group decision making in trapezoidal neutrosophic number
environment[J]. Complex & Intelligent Systems, 2019, 5 (4): 379-389.

Reimers I, Xie C. Do coupons expand or cannibalize revenue? Evidence from an e-market[J]. Management Science, 2019,
65 (1): 286-300.

WRiOR, 2. it S A P R O 2 W SR S T FE (0], RS EIR S SRER, 2024, (6): 172-177.

RSEAR, RXRI. BB X WA SRS A R L[], P LS LS, 2023, 37 (3): 61-71.

WICT7, BT MEE REHER N P B AL b s W SC R B KR AT 7 [0]. T EEIPR, 2022, 34 (12): 146-156,
194.

Yu S S, Jiang Z X, Chen D D, et al. Leveraging tripartite interaction information from live stream E-commerce for

improving product recommendation[C]//Proceedings of the 27th ACM SIGKDD Conference on Knowledge Discovery &



EAR I 52 T B KB P B R i 2 AR 61

Data Mining. New York: Association for Computing Machinery, 2021: 3886-3894.

[53] Wohn DY, Freeman G. Audience management practices of live streamers on Twitch [C]//Proceedings of the 2020 ACM
International Conference on Interactive Media Experiences. New York: Association for Computing Machinery, 2020:
106-116.

[54] Yue X. Research on the influence of inconsistency between anchor image and product image on consumers' purchase
intention[J]. Advances in Economics, Management and Political Sciences, 2023, 2 (1): 16-21.

[55] Yang Q, Wang Z S, Feng K, et al. Investigating the crucial role of logistics service quality in customer satisfaction for fresh
e-commerce: a mutually validating method based on SERVQUAL and service encounter theory[J]. Journal of Retailing and
Consumer Services, 2024, 81: 103940.

[56] Rashid A, Rasheed R. Logistics service quality and product satisfaction in e-commerce[J]. Sage Open, 2024, 14 (1): 1-12.

[57] Wang L, Tang Y M, Chau K Y, et al. Empirical research of cold-chain logistics service quality in fresh product
E-commerce[J]. Journal of Theoretical and Applied Electronic Commerce Research, 2024, 19 (3): 2543-2556.

[58] Yang L, Zheng C, Hao C X. Optimal platform sales mode in live streaming commerce supply chains[J]. Electronic
Commerce Research, 2024, 24 (2): 1017-1070.

[59] HegerJ, Klein R. Assortment optimization: a systematic literature review[J]. OR Spectrum, 2024, 46 (4): 1099-1161.

A Novel Streamer Historical Trading Data-driven Marketing Product Combination
Determination Model

YU Chunxia', ZHANG Yanan', WANG Xiaohuan’
(1. School of Economics and Management, China University of Petroleum, Beijing, 102249, China;
2. School of Business Administration, Northeastern University, Shenyang, 110167, China)

Abstract With the rapid rise of livestreaming e-commerce, determining optimal product portfolios has
become a critical issue for improving both sales performance and streamer influence. However, existing
product selection methods often fail to comprehensively account for both product profitability and
comprehensive performance. Such inappropriate selection may not only reduce sales volume but also
negatively affect the streamer’s public image. Therefore, this paper proposes a data-driven livestreaming
product combination determination model based on a streamer’s historical transaction data, aiming to improve
decision-making quality and enhance livestreaming effectiveness. Firstly, a sales prediction index system is
constructed, in which the Pearson correlation coefficient is used to assess the similarity between product and
streamer audiences, and a Transformer model generates product sales predictions. Secondly, the CRITIC-
MABAC method is applied to evaluate the comprehensive performance of candidate products. Thirdly, a
multi-objective optimization model is formulated to simultaneously maximize profit and product performance,
and solved via LHIS-NSGA-II algorithm. A case study demonstrates the proposed model’s effectiveness and
advantages.

Key words Livestreaming, Product combination determination, Sales prediction, NSGA-II, Transformer
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