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Abstract

Event extraction is an important information extraction task, which aims to extract
structured event information from unstructured text. Most of the existing event ex-
traction methods assume that only one event occurs in a sentence, without consider-
ing overlapping events. However, overlapping events are inevitable in real scenarios.
Therefore, this paper proposes an overlapping event ex-traction method of language
granularity fusion based on joint learning. This method uses pre-trained language
model BERT to perform initial representation of sentences, and then con-structs frag-
ment representations containing different token numbers in the way of increasing and
decreasing token numbers layer by layer, respectively, to transfer discrete information
contained in short texts to long texts. Then the abstract semantic information con-
tained in the long text is transferred to the short text, and the sentence representation
based on the language granularity fusion is established. Further, a gating mechanism is
used to obtain a sentence representation that integrates multi-granularity features and
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target event perception. Finally, in the prediction stage, by calculating the inter-word
distance perception score in the sentence, the fragment and role rela-tionship between
the words are predicted in parallel, and then the relation label is decoded to obtain
the event trigger word, argument, event type and argument role based on joint learn-
ing. Experi-ments on a public event extraction dataset FewFC show that the proposed
method is effective for extracting overlapping events.

Keywords: Overlapping event extraction , Language granularity fusion , Joint
learning

1 5§

E/HMEL (Event Extraction, EE) & B8 5 AL FRATE A — L 2 X B A PbAUERIE
%5, BENRE SRR BEE L NERER, IR mAIETT - A FE LA
WILAE . EEEIT (Huang et al., 2020)~ &/l (Yang et al., 2018) ~ F]#% (Halterman et al.,
2021)SF A E T Z R, FrAR G, I8 X A LR Al A S SO AT AR B
B, FTDARECE AP S BFIEL S S AW SRS - RIIDER, AR AR E
WZEER, BN S IRYE LR B U R AR -

MBS BB E DO E S B . (Sheng et al., 2021)RK B S HFMBUALL D
= () —MAEZADEGPERNMER, (2) —MAERRITE, E—DEEPHE
ARBAE; 3) —MAMEET, EZNFHEFEARGAE . 7 (1) FRMLiEE
SEMEMBRE, 750 (2) 1 3) WARITEEEAMBAG . W 1FRESEFF, i
Moy — ][RI B fiph & 7 BB A0 P 0y BOBCE AL S S, BT 4 TR B & SR R <2l
Tl R I B BRI T A, R BRI B R R L AR A, B
TR TCE S I E PR -

FRA, B

trigger
subject Thoney [ :bj ect
k40 HE 378 1/ 4 298. 0342, TEMETIE 35 U5 %k E‘JJ‘E%H‘SM@W& L00%BAX -
money A subject
Ttarget L proportionT

trigger
BRI AR AL
Kl 1. EEFMBCEES)

RO HEHMEUT % (Nguyen et al., 2016; Liu et al., 2018)%F Z 4 BUIL A F 9 R £
55, RS — IR g X ) F a3 T —IXbE, FIRH i EU M & AT, B R gES [ FRIC E] Y
o, HIMEHERRRAE. AL, IREFRSESEGMNME T, FERAE
TPipelineiZ3 (Yang et al., 2019; Sheng et al., 2021)F1E T Joint /L= I HEAFIHE T ¥ (Cao et
al., 2022) - E T PipelinefBzCHIF IV, B AR RIF BRI Bl & m e on, 28
TRk EFNE L Z BRI R R, B SFEEERER - MIE PE T Jointyo =X 19 Z 4 EUT
1% (Cao et al., 2022), REMAATFHARESHRERFEER, NEENAFHTIRERERIE
IR o

M, ASCRH T —METREGZEINESHEMEGNESE WIS (LGFEE) - &
%5, RAIBERT (Devlin et al., 2018)/E ARG e KRG 0)FFn; HIK, Lltoken®l HiZ 2B G H
FEIBEHITTE, 7RSS AN tokenl H I BEFoR, A DSURALE B ALE BrfEE K
SR, FREKORAE R NE LGB LS A R, BETESHERME TR,
WIE, ETTIENHIFER DYEHTEEME, KRS AR ERHER B bR BN i A
©2023 FEFTHEIETEAE
HRIE (Creative Commons Attribution 4.0 International License) ¥FA] iR
E&u - K H R B2 HE 4 I H(62106130, 62076158, 62072294, 62272286); 1L 7 & & ® #F 7 it

P

%11(20210302124084); L1 Fi 4 &5 2 AR B T H (20211.284); CCF-F 1 ATKRA! 3 45 (CCF-Zhipu202310)
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TR e, WEATHRRRERBMGS, HFTHRIERERFBERAMATRRR, &
R R AR, RIS FEAARRAA 1 MFFRBAETTAE .

AT TR EZAFE LN =5

(1) BT —FETREEINESHER S WESEFMBUEE (LGFEE) , ATE
S HEFAHE -

(2) MEETESREMESFIURER, 75 Lltokenl H AR 283G FIZ JZ 2 16 0 77 =U0H4
AR B BUROR . RS RSCR A& B EUE B AR SR A S R RLE LE B -

(3) FEAFFI G R EEIE £ FewFC (Zhou et al., 2021)i 175255, SLIGLERIGIUET
RN -

2 MXIE

HEMBCE I ARG - 1eICIRR] S BERE D RIS TR B RN TAES . KIE
PFEFHIEISRE, RFEEMBUTED N EET PipelinefE 2K T EMEE T Joint 70 A 77 1% (Li
et al., 2022a) -

2.1 ETPipelineit = 4T

£ T Pipelineii. X FH M EUTE R R B MBUE S RN Z B R - B SRR A il
RV, PR AR A A A S SR AR VR A ok 2 1 R B A S T B T 45 SR 18 T A AT
B, HXTETCAEHTT2E . (Chen et al., 2015)# H TDMCNNER! | A=A A B #4545
% B AR M 4% 53 IR R AR RN TCIE T 40 28, RAATEOE SRR RN 6] 7 08 RIS &
SF AR FATIRRIFN 3, 2, H AR R E AT TR 53 o (Yang et
al., 2019)#& 1 TPLMEERY | Z BRI EH X4 € (A B3 AT BGR T, B LA E &0 T 179
HUo (Sheng et al., 2021)#&H T —FEE TR IK AR 1 EE FH I IEZLCasEE, IZHEZMKIXI
TR RGN ~ fioh & 1A BRI TT B, PR AT — P B BT G5 SR E N o, MIEE SR H
Wr, BZTERE—Fr BT R —R B, &5 B R 1 R -

2.2 ETFJointii = K EH-MEUT %

ET Joint BB BB, %I ERIN 5E R A& mFIR TR EHERBFISITTA R
SRMMES - EESPITERES, BEEES5, WOERERNER, #—PRHER
MEIRFHERE - (Nguyen et al., 2016)# H T IRNNIERY | (Z AR (5l FH R NG ER 1228 7 28 7 5
23] A) FRIE R, BN T B T il & AR T A 6 - o T 3Rl & TR AE T 1] Bt
KER, sINEIZmEFCI AR, FHEmCEZERRINES - (Liu et al., 2018)# HHIMEER
B, IR A TS RS M s AR B R, FEEE AR B B GONHEATIE
BRE, FRARAEA, MEEFMAIRFILIT. (Liet al., 2022b)$H T —FhZE TR
FIXETE SR BE BT E, BENNTE R FZ S B oA R E 4R EN 1R IT . (Cao
et al., 2022)3&H T OneEERLAY , IZAE ALK A4 BUEL #6017 5 98] 8] 1) 0 RIRBIESS, RIS SERR
fiol A2 IS TEAMEL

3 ETHE¥IMESHEMENESEFMNER (LGFEE)

BT RS SRRSO BRI (S BT S AR T BT R4S i S R
EEAMESEEMIEE . %%, HATIGE S MUBERTE N REE, AR DTN
SFRBAFR: HIR, Lltokendk HiR R AR BRI T, 4 HIHEEE RRltoken$t H
A BT, ETETESHEMANOTET: R, £T HENHRMERDLEETEE
AL, IS AREA TR OA R R, BT, B4 ST il 4
B ARMEER, BRI AR, AL . BT R R R T . b
R 277 -

AT R ET: BE— NEENMAREAGTY = (21,20, 2n), ZSITBERTHE
5. FFR AL S AR TR = (1), Y, ..., k) € RNX.

3.1 ETETAERMEHXARER

T BIHHAERA) TRIENER, AUETESRERMASHNEL TER . BEEH, o
Bl LitokenZ H X Z#1 (Incremental-Phase, I-Phase) F1iZEZ#V# (Decremental-Phase, D-

oA TR E R AR OUR, ’%34?—%45%, e IR 5
A S

il E, 20234E8H3H%ESH.
(c) 2023 FEFLFEE¥ES Al
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Phase) HIJ5E0, MRIKIGEANRRLER FBER - XWPOMBEEIEELE, FI-PhaseH HiZE
A BERRICVEH = (BY, b, ... bk, BD-PhaseH SEIZ M A BERRIEIEHY = (B, hY, ... b,
Het, TRAFBENEE, RR80 7 Btokenl, B—EMEHIE 357K -

Trigger/Argument Span Prediction Trigger-Argument Role Prediction
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3. Incremental-PhasefDecremental-Phase F 4 1L3/ZE F1EAH 455

7EI-Phasef1D-Phasef 15— ZH, & SEH| H Transformer (Vaswani et al., 2017)f) % L1EE
TIVLEEE A BRoR, A FESIER T £ LER N FER gl multihead R

Hl multihead MultlHead(Q K, V) Concat(headl, ceey headh)WO (1)
QWAEWS)"
vy

Ho, headh Fih kBT EBOBIMA TERR, Q- K-V A T &
R, WES WEL WY« WORRA S NS HUERE, hFRER L, dy, = d/h-

head; = Attention(QWiQ, KWE VW) = softmax( WwY (2)

B EpEEE E.?"j:;g“ A, 2023338)335%55

7’% %3@—%45% N IR
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I-Phase: HTHA]FHIECACEEBENED, BREREE LT XNEYL, FEBET
AR ZHATEE, FHERESE - WRNKIREUER - BHit, TR EmREREEA
HISUAGR Z A RN R B, FREEARRZ IR EXhX s i BEf T R E IR BN R 25«
B U A& R EUE B A KUK - Bk, LUZM A BRI RN B T 1-token I H B, - F
HEMZE, AT EEBIRNELSN E RS, RN N R2BBFHE ML, Dltoken$ B 1S
FI T ZN L — 1ZE A GRS - token F BE 7R « 1-PhaseF SBIUZHFHI A BEFR R AH, H
THETRWT:

[ 1(HY) Jd=1
H' = { Conv(f(H'™Y)) ,1<I<L (3)

Err, f(O)RFRAR ()EE - thsh, #EHReLUMNorm/ZIRGRA K BRI -
D-Phase: HT7EFR— E NI, KIRRFHERT LIRS B SURFHEE A B TFXER -
Ft, D-Phasef) BWrE R K UARZ ZHBRARKEM B, FEIUAEESHRNIELF
BRI SUR « BARYL, LAI-Phase 5 LZFHIHEND-Phase S5 LERMIA, HY BH
W E SR RS R BRR - 5 I Bk Ftoken® H B AI T, 38 4 A E M
B, SMAEKNR2BBREMENLE, W — 1ZE R E S Hl-token i TR R - W0
3 (b) Fi7R, B, D-Phase PL3ZEM A BEERA (WY 3 03, BRETLAZMNA BFER
FEER), BI(0,hY, RS ,0) - KEIH, D-PhaseHHSBIZM A BFRH A IHAT (4)5K15:

v [ f(HY) =1L
H = { Conv'(f(H®)) ,1<i<L (4)

B Jm, Fl-Phase5D-PhaseHL1JZ B ] 7 Fom PH o, 1E 9 Rl-& A FDRLE FFAE 09 A) 7 3%

/T\HIVIull 1—gr anularit y
F'Mlh —grar 1la ty ‘17 ;,1 F'll E 5
C[ Y } c ( )

Hp, W Alb & Rl 2 > S B8R -

3.2 ETTIENHIFIER NS G BB

T AR B2 P HAR SRR R e R, Bt AT ETIER VLRI L]
Ale HERASURER, WEMEFERENATRR, B9, ERNILHHETEEEE
Al A AE B LA S A 5 SO RN AC L, [ TEEALHI Rl & P SRR I A S B -

BlE ZRERER A TR KA ER R Gatel, fELBERTYRIE R A) T £ R HORO LAl
b, BlEARRILEE AR AL ) 7 3R g Mt —eranularity AR5 E S R R EERHIE A T BT R R H

H = Gatel(HO, HMulti—granularity) =g O HO + (1 o 91) ® HMulti—granularity (6)

HAR W, by, BT SIOBHCERE, O |5 8RR R TR R

£% (Cao et al, 2022), N T BV, BRI  (URBEEBOT SRR T TR A -
g —RRER B R BN (L E A FRE = (e1,e,...,c0r) € RM*4, Eh, M
SRS, 5 — N ERBFIM- 1 3T . R ST WL S . S5
A E TR, TR T 1 2 R B\ Bolobal

Q.K.V =HW? EWX EWY 0
Eglobal — Attention(Q7 K’ V) = Softma,X( QKT )V (8)
vy

Hep, we. Wk WV RR 23S HGERE .

%:+:E¢Eﬁﬁ%§#k%%i%,%&EF%%§3%$ﬁ
A S

3 [, 202348 3H%5H.
(c) 2023 HFE A CfE H AL ,
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EARE BN AFRoR: RS R Gate2, fE2REMFRA R UFIER . BiaH
PREEFRA R N e,, AR A PREFREII A TR H

H' = Gate2(E9% ¢)) = gy © B9 4 (1 — g) @ ¢4 (9)
g2 = Sigmod(Wy, [E9%: ¢,] 4 byy) (10)

Hob | e, € BFTEREARIIIA, W, Flb,, R AT T 5 HUERS -

EF AR A E R EERANE TR AT RCate3, HAT (9)F4
3t (6)5 BB B T RmH FIHE — M a . BRI B E el TRAE RV =
(ol 0h, ... vly) € R4 B, ot RETFRim A TR -

Vi=Gate3(H',H) = g3 0 H + (1 —g3) ©H (11)
g3 = Sigmod(Wy, [H'; H] + bg,) (12)

HAp, Wy, My, & A 2 ] SRR «

3.3 FE /MR

KB (Cao et al,, 2022) 0 TE, KB MU 55810 B 7T 1 1017 18] 5 2 Rl 15
%, WIS SEANAEROEAAN (2, ;) OABERSMAEXRR, K, HER%
RSF T M, MBI RMETHE (S —T) SLTHEB (S — A) MERMETIT, AE%
FRFF AL Sy M TEAE A S PO 2 AT 5 O B PP B MR TE A B, T (ER — 5, B
AR TEA - T B RIBEA TN 2 IO Bk s € STIFIE% Fr € R, JHNE
FRBEES S BALA, AE AN (5, ;) WEAFR O of) |, 58I B B, ff
e, TETR T

ij = SCOre(W31v§7 WSQ/U;) (13)
c:j — SCOI"e(er Uf? WTQ/U;) (14)

HA1, Score N EEBSEFIVES BREL, W, ~ Wi, ~ Wy, ~ W R IS EUGERE -
a, Ba NGB B MAEs e, NEBmER MEBEFRELGETRIES
) Circle loss (Sun et al., 2020), F2|EMHMKLT:

L=Y X log(l+ ¥ D) +log(l+ ¥ )

teE se€S (1,5)€0s (4,5) ¢ (15)
+ 3 flog(l+ > o) +log(l+ > )]}
reR (1,7)€Qr (3,5)¢Q"

Hep, 5. QR Bk R MAERArFIAN SRS, KESERTORIANS -

3.4 XAWEMRG

IR 3.3 A B/ A EARETIN, — 5, W DN BARE R R R AR A A A B (S —
T) SRTTAB (S —A) HIRRRS, BEERIMAAE0e TR, HB—J7m, " UAIH
WEMAERR (R — ) #HF— PR FEFIRTT . EE AFREISERIF, il S f & 16 A
By, c“Hhegfei@r MemER ML iR T i B “HH 20 SRl B0 RRER I 48 R s & 1R U B ik &
Hy BB PRSI, WRIRTTAED AN BT (R—S) "M“BHET (R-0) -

%:+:E¢Eﬁﬁ%§#k%%i%,%&ﬁF%%§3%$ﬁ
A S

3 [, 202348 3H%5H.
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FHEW. BH
(Span Tail) (Argument)
oo oE i WO R M % oA e gE U W R BROW %
1 S-A 1
A a
% %
2 il i
2 ik ;50 I [R-S[R-S [R-S |R-S R-O|R-O|R-O[R-O
g E) J¥J [R-S |R-S [R-S|R-S R-O[R-O|R-O[R-O
= ~
IS K
& &
% %
Trigger/Argument Span Prediction Trigger-Argument Role Prediction

B 4. KAPRETINSE R

4 S

4.1 BEEESFEMHIERR

BIEE . AR EFAF e F 4R £FewFC (Zhou et al., 2021), 1% %R %
FARE TI0EHREFMSH R TAE, BEEMAZIAESAILITES &M A F 5 5
513.5%M21.7% - BIER YIRS - SOERMW R LHIHNS: 1. 1, Gt Hinsg 107
TR o

WEE =2 TE #F =
JIGEE 1560 5625 7185 10277
FAFEEE 205 694 899 1281
MK 210 688 898 1332
At 1975 7007 8982 12890

® 1. BIRSESUT4ES

M FEIR: AU (Du and Cardie, 2020; Sheng et al., 2021; Cao et al., 2022) [ #% I
mﬁﬁﬁ@,ﬂ$#m@$mmA¥E%:%ﬁﬁﬁ%(ﬂ)\%ﬁﬁ%<M>\$#%ﬂ
7K (TC) ~ wiftasE (AC) , RAWEHE (P) - ARZE R) MFUE (F1) #17F
fi o

4.2 EBFHE

A TR A TSRt R 5 R et IR A TR AT TSR E HUE, B AT LI LR 4.

(1) HWEFAPOTE: XS ERFEMBUES SO FPIITNERES . hE A —
MR%E - BERT-softmax (Devlin et al., 2018), %715 KHBERT 2> AR R, HEHRER
RN AR AR T AT 50 9K - BERT-CRF, XJ7¥ATEBERT Lk T S HEHEHLY (CRF) ##ik
PRI R, (Du and Cardie, 2020)RK EH T 3O FHF I E - BERT-CRF-joint, %7 1%
KBIOVRE T =Y B A RIAA BRI EE A FRIEB/T/O-type-role - LA BT HES T AR IR, T¢
TR ZE A e ) B [P R

(2) EEHFMWETTIE: PLMEE (Yang et al., 2019), %7 EEFHAREE 1A €5 BIE0S
TC, Al E &R TT - CasEE (Sheng et al., 2021), ZITIERIRPATEAHRERN - fil %
STECRE TEHREL, AR AT — 2 TS B T BB 0 A - OneEE (Cao et al., 2022),
TSR SRR 7R D 1A 5 1A (] 1 5% R VRA, AE— BB R 4 3R B TS TT IR [A] 5
A, FATHAT AR TREMEE S BT

=t= F’EPI#%;.:.% %ﬁxy’% %3@“—%{15% MEARIE, I, 20234E8H3H #5H
(c) 2023 F2 gl ERR
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4.3 ZRORE

AR SR T ] FH Chinese-BERTHE B 5 7] F #4741, B2 2 ) & 4 & h768, I3y K
FAdamW - BERTH) %> K H2e-5, HARRA 2SR Nle-3. L LTERIIHLHEIHHITLM
WEMEENS, BELEEN2, REMEFREN MM EE N6 (Ed, IE. AR
SRIIAE) o HBANEE NS, HEFewFCEIESE FlZEAIZ0K -

5 SERGR KT

5.1 HBERE KGR

T RIEA SR HLCFEER B FE R, #7 7 TE=1EE: (1) EFewFCETE
£ EHITEAMBNEBEAEIEREELE; (2 EFwFCHIEEMNESEMN LHTEE, B)
FEFewFCEUYR S 1 8 00 Lt AT5058 - RMIHER 42 ERHERTIE, 5RO BT
.

5.1.1 MBI AME AR
o9 T RE A SR H FILGFEER BRUAE S il BOH B BE A PEBE, AEFewFCEIR S Lt 4T 158

9, HEFmAERR (TD ~ B7ciRsl (AD -~ FHERESE (TC) - BItAtnE (AC)
FROXS HLSRER 5 RN 2F7R -

BERT- BERT-  BERT-
softmax CRF  CRF-joint

PLMEE MQAEE CasEE OneEE LGFEE

P 89.8 90.8 89.5 83.7 89.1 89.4 88.7 88.5
TI R 79.0 80.8 79.8 85.8 85.5 87.7 88.7 89.4
F1 84.0 85.5 84.4 84.7 87.4 88.6 88.7 89.0
P 74.6 75.1 76.1 74.3 70.3 72.8 75.4 75.7
Al R 62.8 64.3 63.5 67.3 68.3 73.1 77.0 77.4
F1 68.2 69.3 69.2 70.6 69.3 72.9 76.2 76.5
P 80.2 81.7 80.7 75.6 79.7 77.9 79.1 79.3
TC R 61.8 63.6 63.0 74.5 76.1 78.5 80.3 81.7
F1 69.8 71.5 70.8 75.1 77.8 78.2 79.7 80.5
P 72.5 72.9 74.2 72.5 68.2 71.3 74.0 73.6
AC R 60.2 61.8 61.2 65.5 66.5 71.5 72.9 73.4
F1 65.8 66.9 67.1 68.8 67.3 71.4 73.4 73.5

£ 2. ANEFFEEFewFCEIREH LR LE R (%)

N 2/ )25 AT LIE -

(1) ASHRHITIEERER (R) FFUE LI TEAMW -

(2) S WEMMBUTEME., A XHLGFEESEEF E FBUE T 8FITERE, BiEHX
RERL T TR R 8 2 A G 30 - FH3TBERT-CRF-joint, 7N X ILGFEEMERIZEFE K7 5
£ (TC) EFLPFUERS 79.7%, ERTABESER (AC) £ LRFUERSE 176.4%-

(3) 5EEEH#AMEMRIRENESEHIMITTECasEEFMOneEEM L, A X HILGFEER
BIZEE EEMFPUE DG T RFOMHERE. B E, MR TCasEE, AXMLGFEERAIEE
R R (TC) HSS LA EXFFUESHIRE T3.2%F2.3%, EIRTAETE (AC)
& P AIRE T1.9%H/2.1%; KT OneEE, A XHLGFEEMAIAERHFERISZE (TC) £55
B ERFFUEE S PR E T 1.4%/0.8% « FEFRZE, HETFEA¥S K EEEFHBGT
BHRESE, WO THEREENERE, TLUETFRASIHESEGMER, R, ETESHE
AR IAFR, BMTEIENEEMELGE, BA T BEMGE -

5.1.2 FEESHHHE LS4

TP REA S SR E LGFEEAA E S5 F ERTERE, HEFewFCEHEE T EZEIT
s Bt AT TSR, W RIS RANER 3R .

oA TR E R AR OUR, ’%34?—%45%3 G /R
A S

3 [, 202348 3H%5H.
(c) 2023 HFE A CfE H AL ,
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BERT- BERT- BERT-
softmax CRF  CRF-joint DPMEE MQAEE CasEE OncEE LGFEE
TI  76.5 77.9 77.8 80.7 83.6 89.0 875 88.1
Al 561 61.0 58.8 63.2 62.1 71.5  75.2 75.1
TC  49.0 52.4 52.0 66.6 70.4 749  77.2 78.0
AC 535 58.4 56.8 61.4 60.1 703 719 72.6
% 3. RNRTIEEFewFCH B & FH AR DHSHINER (%)

SMESHEMAR, ZTEEEHRESE (TO) MLTAESE (AC) EFFHIMEREML
TRV MR T EEEGERCAE, AR CRA I E R R R B B 7 E# T E I, 7T
BB RAR S LS, BA T ESEMAHEERE, MBERT-CRF-joint{X 8 &M 18 4B — MR
%, THEBAREHNESRE . HRTECENESEFMIEE, AXETESHEME, %
ARNENEEENAFRR, FE, SREABRA2 T2 S A WA ES W TE a8
HE, MPLMEE(XAEN BB ICHETMEL, CasEERFAE T PipelinefSEEMBEUS %, f5—W
BRI TR —B B, BRI Re S BRI A -

5.1.3 FEEEEEE LB MBS
WAk 4R, AR M TLGFEER AR A5l 2 L AOPERED AT IS & AR HISER -

BERT- BERT- BERT-
softmax  CRF  CRF-joint PLMEE MQAEE CasEE OneEE LGFEE
TI 86.9 88.4 86.9 86.4 89.0 88.4 89.1 89.1
Al 76.2 74.9 76.1 75.7 74.2 74.0 76.6 77.5
TC  79.9 80.8 79.9 79.7 82.0 80.2 80.6 81.7
AC 4.1 72.8 74.0 74.0 72.3 72.3 73.9 74.2
* 4. ANETIEEFewFCH B HAEEEE LSRR (%)
5.2 THEISZE
F TS A SRR H FILGFEERRI & MEEL I ERE, AT T T TH A SREE
-MHA: ZELGFEERJZER [, {NZFPBRI-PhasefD-Phase % L& HHLH -
-D-Phase: ELGFEERZEA [, NEFRZEZH BT EtD-Phase
-Gatel: FELGFEERZEMM I, FIEERIERETENH Gatel -
T VS A fE Few FCEU PR R FSE IS 45 R 4N 5 -
TI Al TC AC
P R F1 P R F1 P R F1 P R F1
MHA  87.0 89.3 882 744 769 756 76.1 81.0 785 725 731 728
_D-Phase 87.6 87.5 875 726 T77.8 751 757 791 774 712 728 720
-Gatel 88.3 89.0 88.7 743 767 755 787 80.6 796 728 73.1 73.0
LGFEE &88.5 89.4 89.0 75.7 774 76.5 79.3 81.7 80.5 73.6 73.4 73.5
#* 5. ERIEENSLIE S R (%)
FH% SHSEEE R AT LIE H -

(1) EBE—1ER, BB TESHFIES S TR, UG A E—EER a5 R T
HHHEUES -

(2) -MHAF %, BAENANTFES ENOFUEABA S ESE T, WIHHFHEZLER
JI A LASESE SO E Y E B E. -

(3) -D-Phase/7i%, R TEMES, EHFUE N ANHALE,
EHSAE UG BIEBAE R, BHTERM LT UEER -

Vi AAD-Phasedé K 3R A,

R B 2 A RS,
(c) 2023 s {5 B

o
3

SF3AT 45T, Wa/RiE, HIE, 20234E83HE5H.
SUWFHIRF AT EN 2
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R
(4) -Gatel 7i%, FHBASHTEAN AN TAESS LRFIEYE TR, ST p 1 E
BrGatel X 5 B AR E XA, ] LARE B2 EFT HAmBA LN UEER -

5.3 JRECHEHAERMBAR A

79 1 HEL-Phase MD-Phase AN FZ R RBIERERIRNT, AT ER AR REGAT T 56
9, ERFLFETR LRI MES BPEREIAT PG, SERRLERIIE 6PTR -

ZE 1 2 4 6 8 10 12 14 16
TI 87.6 87.8 882 87.8 885 887 89.0 885 885
Al 756 76.6 76.0 76.0 757 756 765 76.0 75.6
TC 789 794 79.3 789 79.6 80.3 80.5 79.5 79.6
AC 73.0 73.1 731 732 731 73.0 73.5 725 727

6. ANFEZEEIREE R (%)

M3 GRS R T LIE M, HREEL 128, ASCR I ARTISE S I RE R -

5.4 SEHIHT

N T BB A SO BRI, AT ERE T BA e R ) CasEE (Sheng et
al., 2021) ~ OneEE (Cao et al., 2022)8%8 5 AR RALEAT HLEL, R TR T — D554 -

T G EEmE R, RIEFEER, BEA2017F4H12H22018F5 H10H LA FIE
KRR E, BE20185:5 A 11 H 5 REFFE 8l 2 2 B S 1) 32 #014% 55 38 v LR RS -

= [RA] 5 [AaA] KA 1B5T] obj: EIEIKTR -
T %1114:? [?E;U] lisdh) \HQW%UZ (% 3m) S2th; (1BIC] target-company: FUEKIE;
collateral: x5 -

B3 [RA] ik, (i) &I (IBIT] obj-org: FIEIKIE -

CasEE  ZF1: [FRE] &k, [MAHE] R, [1BIL] obj-org: FIEKIR -

OneEE  ZfF1: [REI] &%y, [ARAGA] EA; [RIt] obj: LIEIKIE -

= [REL] 3%, [Z0A] KA [IB5T] ob: EIEIKTE -
Fir2: [RA] i (Maia] &R [BIT] obj-org: BIEIKTE -

R 7. ST

Eiz/Mﬁ'J?EF‘ “ LUK AR BT i iy B A AL R R X = A B AR E T S
WIT, CasEERE A R B 1 F" F £, OneEEMRE B (R J H 4 B9 5 44, T A& SCH2
HILGFEERR 2 ] LLF] B 33 51 <2 1 A0 <8507 75 > 4R, X 350 B F S 2 T3 5 R0 R/l & 1) 3C
AREOR, BERSURE S HERE BEMKSORE SRR IE XEE, TRIEROREE N+
B BRR -

0 T BRI R RIS R A R AE IR, RSO SERR A R AT TR AT, @ I T
B, WERWEMEE - ZUH PP AL RAR AR AT R, SRR BRI TR
AmIZH K - & 8RR T — MRIRTIAISEH] -

A B e LGFEE
P TI0F AN AR REZE B DAL 000 OB e emny gy |
& GERACEEBEARAT R L] o GRITE] sub- gy el oot
ARG ) [ EFAFIEERS N per:F —1E:date:20197F9 1 dot ’2019$’QHIE|'
TREEFIR F 7KL R R T SS IS 24 F 4 H jobj-org: 44 A 158 ;fg?ﬁkm ’
] B TSI, A R SERRAE A @ AN R AF - ODJ-Otg: RIS ©

8. HRIHTEH

B T ?”k%mlﬁ ’%34?—%4523 e IR 5
B S

=, 2023$8H3E|5e5El
(c) 2023 HEFLIEESE Al
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FEIXANSEGI A, B — NG 5@ i O RN AR FEFIAR T 7K % CHRERCBOR, SCIR R A LK
At B IR A FIHIWIE « LGFEERFF “/R 77K % A BRI ARl , & BoX iR AR R AT f ?:E
TXABHEERER, BFERRRKA, N TR AR -

6 5w

ASCE N E R IBURR, $RH T — MR T RS 2 ) BE SRR A M E & S
%, GOTIEE SR ATONGRE S A BERTX ) 7T #1650 R « HIR, Pltoken®l H % Z B3
ﬁLE%ﬁ%ﬁf SRR E R Roken$l HEUH BER, HEUREE OBEIE S %
HROUR, FRROURE S MBI E UE B RGEIOR, By ETIESRERM S a7
R BB, ET TS BT B A A R FDRLEERFE AN b 2 R
WATRR - B&Ja, AENE, ECRIALERR, BB G m T s0RBIA R R,
PR R AERRN, PFAEFHEMAE - BT MERRTANETTAE - A TTEIESE LRSS
LERRM], A RMEMBOT E T BRI E A MRRT R, UWIHASOT AR EE R RRE
AR - ASCHAERROBIR TIEFRRW AT HOE0E . H—, FERRRRHIRALE
PRI R ST RO . L R R R R K R
BT R R AR, T SRR R RR T % -
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