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AR, BN bR U h ST R ] i 44 SR URIAT 45 p RS S PR AR ER A 5 L E CBLUE R0 4 M4k 1
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Knowledge-enhanced Named Entity Recognition for Chinese Electronic Medical Records

LI Wan-Ze, SONG Bo, QI Yue-Shan
(School of Information Science and Technology, Qingdao University of Science and Technology, Qingdao 266061, China)

Abstract: Regarding the challenge of handling nested medical entities in Chinese electronic medical records, this study
proposes a knowledge-enhanced named entity recognition model for Chinese electronic medical rec"or(‘i"s called ERBEGP
based on the RoOBERTa-wwm-ext-large pre-trained model. The comprehensive word masking strategy employed by the
RoBERTa-wwm-ext-large model can obtain semantic representations at the ‘!word level, which is more suitable for
Chinese texts. First, the model learns a significant number of medical entity nouns by integrating knowledge graphs,
further improving entity recognition accuracy in electronic medical records. Then, the contextual semantic information
within the records can be better captured through BiLSTM encoding of the input sequence of medical records. Finally, the
efficient GlobalPointer (EGP) model.is adopted to simultaneously consider the features of both the head and tail of entities
to predict nested entities, addressing the challenge of handling nested entities in named entity recognition tasks of Chinese
electronic medical records. The effectiveness of the ERBEGP model is demonstrated by yielding better recognition results
on the four datasets within CBLUE.

Key words: Chinese electronic medical records; named entity recognition (NER); knowledge enhancement; nested

entities; global pointer network model; deep learning
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i H AR SN A

. XA S T E N EAER, DR A4
PRy iR, TARZRREE, PR DR Dy B2 25 50 iR
(05 B SR, Hh SCHL 708 P B0 AR K, 15 2245 B
I Z FEAATESE H AR R, DRI Gn o] A Rt A
SCHL TR P R R 2 AE B, BONEE AE B AL 5
SRIE T AL PR AT I B ST L.

i % SR (named entity recognition, NER)
F& SR A VR - B LR AT R T8 2 SCIR SE AR A4 BRI
f£55, 215 BRI SCARIZIE A B IME 5 s i) —
TRHEAAT 55, LT3 [ i 44 S A4 R 5 AE A LT 1
o E AR AR IR S B R AR 2
BRR TARGIREE R 22 SRR B X0 T BRIT AL
= A2 FIBIE 9T N 5 R i B 2L A B S R S, ANRT B
= AR HEAT I R 23 B SR B e B2y T 2 T R, T L RER8
PO B ERITHE AU . '

FIA, V2 BF 08 DG W08 D i 44 S A3
17 7 RERHH, J‘ff?%ﬁTq‘grﬁﬁiiﬁﬁ&. Horr, IRPE
)RR (WA N4 R X 4 AR i AL
5 1R EH I, A4S HL 108 g i 44 SR TR ) R HE R R A
AR T BENR . HAE, T P 2 SRR
ST A7 AE — LU Pk ORI AE 55, G0 R T HR 8 S AR HE DL Ad
B A S AR S BRI SRS AN A

DAL, At Sxof o S HL 0 I v 2 7 R SR HE DL Ak
PRI )8, A SCHE T RoBERTa-wwm-ext-large Tl 2%
BRI H — ol R AR 08 2 1w SCH 9 ) i 44 SEAAR R
i/ ERBEGP. ERBEGP fif ) - EGP M 4 Jm ) 1 &£ 4
R, [RIES 25 FE SR P AT af N 28 1A B, R Sk 50 F0 R 30

AR AL AR JE SR TR B SR (R AR &5 5 0 R BT % A B |

LSTM LAZE et b 78 f) i fy 1 A1 e Rk, 7 cMedQANER
cEHRNER. cMeEE #1 cMeEE-V2 iX 4 "~ %35 4 [
T SEIRIOAIE, FI B HIE BT 81.22%. 80.97%. 67.03%
1 67.28%. “

2 FHXRITAE
2.1 FRIIGAER

TR AL (pre-trained model) J2& 5 f F K ARG
BFEE S 0t B R AT I 25, P8 I 3T 78 2% 2T 1 7 R A
RN H TR EAE S I — PR, B2 % B S M
TEAESE R AR, JE R Hl Rl F 138 5 LR TE R,
DUELE & P B AR5 5 AL BAR S5 A A . B R 2 ]
DIAEAT H SR E 5 A BRAEA R AR 55 ERIE N 1,

T TG 75 AT 45 AR 5 N 25, I 7 N T v $dis 1
TRk, KRR T XK. Google AIMT- 2018 4E42 H Y
— MU Z515 5 A BERT (bidirectional encoder
representations from Transformers). > F X{[7] Transformer
g As AT HUIZE, 383 MLM (masked language model)
A NSP (next sentence prediction) P 4MT 55 % KA [
SCARKEAE AT TE B 2 o], 1S AR B % 1 B o
FNAIC A2 RS SO R M B UE B BERT 16
ZIH ﬁﬁiﬁ%&ﬁi{i%i%ﬁﬂx%? L I RUR, AR
S H R B S U 5 AR 2 R, S I T R
74 BERT. RoBERTa #ll ALBERT 4.

T A R A e 2R R
A IRF R 0K T 48 AR () B v A TR R Ak B S
T Pk 25 1E R4 AP BERT 42 H i 2R A &
i %! BERT-BILSTM-IDCNN-Attention-CRF, B id fil &
R BILSTM AR IK &AL (IDCNN) A &b 3k 15
LT P B SCRRAE AR SRR AE, £ CCKS2020
i E BT BILSTM-CRF 3L A F1 (E 3271
1.27%. BXZE%5 NP H 7 —Fhiit i) BILSTM-CRF
TR IR - 7993 g i 4 SR IR 1, Jlid BILSTM
X9 7 SCAR AT R AEH2 HUFR CRF X595 1 SCAR #4724
W, R T TR 4 SR B R, AR T AR
() BILSTM-CRF 5 5, iZ A8 B 7E SR 2500 11 F1{H
PRILT 3%-11%. 3KIF N5 AEEF RoBERTa # 1HHIR
JE 2% 31157 RoBER Ta-WWM-BIiLSTM-CRF, i it il &
57 ROBERTa-WWM-. BiLSTM 1 CRF 4 2 fit vk T
¢i%¥%ﬁﬁ%i%m%¢ﬁﬁm—ﬁziﬁﬁm
A ] .
2.2 ANRELE

I S A A3 5 A2 3 K RIS 1) ST ARV e AT
WIZRIY, 5140 BERT RAEAY, BRI 2 2] 5] | K&
FIE S AR, AFEIRETC . EVERNE S AR, IX L
T S ELAT 5 B I8 SCRNR, L — 28\l 45Uk )
SRR R S AR IX A R P R AN X e 4
AL AR — Al s AR AR R R, e LR
R RSk . S RVE AT A 55 R, KR
A LA R B M A MR, flinseik. SRR, B
SRS X R AT AR SR T SR AR B (11 R
TNAE . B 5 I T U TR ) T N A TR A 4k
B, By AR A 3 T s R .

2020 4, Lee %5 \P)7E BERT HL% (56 1 #E4T 2k
HEAGROR, 454 By AR B 5 5 1T T A B AE Y
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2= 2 A8 1) SCA B (1) B2 97 T 2R B B BioBERT.
BioBERT Y A1H 1% # 4 %22 M PubMed #1 PMC
SRR A SCHR B P SR B, X SRR RS T
KR B M AR TE RO SR, AT DL 4 b B A=
W 2555038, () 1. BioBERT & 55 1 Mt TR E
ERLE (PRI R ) R4, BT BB B Zhang 25 A1)
P& B R SCIR 22 SCAR Y T 254588 MC-BERT, [A]F
UL BERT #5581 g FE Al 2, 36 ok a1 P ot ) B4 25 4
2= 28 LR AR W) 2 2 SR R A N BB AR 3k AT I 5.
£ i 4 926 4T %5 cEHRNER 1 cMedQANER |, #H#%
T H A2 SRR OS2 T B A, P FLE
K F) 90%. 2021 4F, Rasmy 25 NP H 7 2E 415 2450,
FI x4 8 Med-BERT, #H b T BioBERT, Med-

BERT FJ 517 B 15 208 9 52 K ] PubMed 1 PMC 55 4=

W)= 5 SCHREHE . {1 Med-BERT S H H2R H = 2 4
BB R T A TS5 BEJE, M G NP Med-
BERT *ﬁﬂi&ﬁ#iﬁ?%%ﬁﬁ%fz SRR, 7E cMed-
QANER #(#i4: F F1 {153 82.29%, H.:h4h RR
RG240 LA IR T FR A v

3 ERBEGP iy 4 SEAA (R A5 1Y

A SCIE T 454 AR B 5% ) RoBER Ta-wwm-ext-
large!"”. BiLSTM""A1 EGP', #y % T — /N 795 Fifiy
& SEARR R ERBEGP, tFE 1 AR,

B-J&H 1R (¢} B-%TA 0

t + t t

Efficient GlobalPointer

BILSTM

| RoBERTa-wwm-ext-large |
) 1 1 1 {
token token token token token

T
[ Ak

Bl 1 ERBEGP Bi%! SR 4eH
ERBEGP B8 ib S L1 [ iy 44 SEAA TR B AR UL
R,
1) B, F SO I SR N BB )5 75 2
AT HAE P UL, — AR NWIUE B0 1 SR B IEN

ELONNU RS S Z Il

114 Z%i% % System Construction

2) R PR e A R DTG A B RN IR = e, R
SR = JeH 5 IR F TR P SO R 19 B Bl SUAR P
FIENIRANZ, DA H0E 46 DLAM R 9T AR,

3) 43 RoBERTa-wwm-ext-large 45 A 1 SCA T
A0 Bk S S vy 24 ) 1) B 3 T, 3 a4 ] A S G A R
SCAR R R R ) () T SCRAEAE 9 e SR RN

4) RoBERTa-wwm-ext-large [ Hi 45 i A\ 2
BiLSTM kAT 5514, JE 1L BILSTM ) 3 A 142
LA, ot L7 D SCAS e 8 1 1t HEAT 38 s i3, DAL
T P I SO e R R, B o 4T
i SCA R 1) LR S 3 -

5) KtJi it EGPRLTY, FilF Sk AR oA A& 1L B
E‘J%{E%A%}E?D@Mﬁiﬁiﬁi, B I R Hb R AT iy 44 5K
AETUNE 55 TR B PP SRR, e 249 BIRRIE T 4.

3.1 RoBERTa-wwm-ext-large FitZ#!

RoBERTa-wwm-ext-large!' /& 3% J- RoBERTa f5 7!
(R SCIN 2508 5 A, H A FR I “wwm A3 “whole
word masking”, RISRF 7 4= 174 55 HER& 2EAT 11 25, AL
TR 451 RoBERTa #7%4, RoOBER Ta-wwm-ext-large
FHSE R B 1E R R AT T B I, TR SR T 4K
PRI AU O SR DL A S A A RS S I SR BT,
LI R A 5 1 ARG i A SCAS (K B2 % RoBER Ta-wwm-
ext-large 7£ 2 Wi 3C H AR TE 5 AL AL 55 EHUAS T I0F
R, FE w4, iﬁzISiE%IJE%L%ﬁqT BERT. RoBERTa
S8 T Ath 5 HE R TR A5 2. \ =

A T4 SRS T A gt oS e T ) R s R
f¥) i & 7 BERT (RS Sem MLM U KA 6]
T T s P T L 5, S R R TR
Mask, 2 R A 3G L6 B0, WA Tt A2 2 =) ek
R SCHYER AR AR AE T SOAE 5 MM BE N LR RS )
Fedt— A7, BAE T SO SRS SCEA TR A
T 2H R ) R, IR AR SR W] R B L
HERE B E K. 1M 7E RoBERTa-wwm-ext-large [
S HE A5 s o SE e A 43 i T LTPY P REA I
0 FEEAT I SR, AR JE AR 4 A AL S R A A
D R T HEAT AL 8 R AT T 4 i) 4 D SR
TE I O B A A ] ZH B 1 1) 0 B T AN AR BN
FRHIE, ZEff 1 SCHL T D v A SR 2 SR i, AT B
A5 A AR B b B SCAC T TR ST

Biltn il 2 Bros, R N 2 A0 P SCAR bk
T A BE 08 UL B s K 2(a) H BERT )
F Wordpiece AT 73 %, MLM e Jgi Fl et 1x

© TEREBIK R

http:/fwww.c-s-a.org.cn



20234F 55324 5 121

http://www.c-s-a.org.cn

i H AR SN A

3 NFHEAT Mask, Bl BERT fEIZRE 22 S R £
T 5 EMK R MAEE 2(b) ' RoBERTa-wwm-
ext-large F| F LTP #4730 73 8], S8 )5 8 i 4 3] 8 A

RIS L 2 9 S A 44 T <R T SR W A <
I3 85" 1HE 1T Mask, Kt RoBERTa-wwm-ext-large 7£ /|
SRIN 7 2] B[ 5 22 R in] 2 5 2 R )R &

@A

Mask language model

|

Whole word masking ‘

iﬁ A O A A

HE BPRGRENE 08
(a) MLM 18 55w 7451 14 (QESGEREY TR Y \
B2 ORI HERD MRS P -

3.2 ER PSR
X% RoBERTa-wwm-ext-large 7E H A1 5 A0 AT

S5 RBL 0, (HRVIIRAAE — LG T . B

RoBERTa-wwm-ext-large {8 F 1 KRB T bRiE 24
BEAT IR, AR 7E M i A 55 A1 AU b, G AR S Hh )
T U, T A TR A o VIR, PR,
ASCARH— ARG BRI T 453 5 7 ER (enhanced-
RoBERTa-wwm-ext-large), i#if RoBERTa-wwm-ext-
large 5 4R FN IR FE 45 & A2 R, M FH AR En 1R B8 A5 2
PR AL 1 RE.

FR T T DUE AR A2 — M ah A 40 1 1 SRR P,
I8 H LURDR = JC 4. (subject, predicate, object) I 2 3t
1737, H i subject flobject /& SR, predicate 7& €11
Z IR G . TR RASERL 51 N 1R 0 1) S m m LA 4y
TR BE ST B BE 5 TNU M BT T 2k
B Be sl N, FEGCR B B 91 N0 1R P mT DA B 4 A

(R A 2 ) R 2, 8 25 L M B TR AT 95 R AR

R REFE T, AR RO B B9 1R B 5V
KR =045 RoBERTa-wwm-ext-large #2817 411K fil
&, W 3 PR, AR,

1) 15 51RKE R ERT I EE ) s = {co, 1,0, Cp)
s 4310 T B LTP AR AAal {4 S A7 v S0 53], 45 2]
SR AL R EESE = {Nouny, Nouny, Nouns, - - ,Noun,}.

2) KR A EFEA A Noun; 16 HTH BB K AT
KR UL E = K Query(B,K)" 1, A= BUH B2 1) = 6 40
E ={(wi,rio,wio), -+, (Wi, Tk, Wik)} -

3) KA 2R B B AR = 4 E il i 4] 4 B 5 A
LB SYIGTE R sHATRLE, H A TR, 1= K_Inject
(s, E)M. dfnt hr B AR A A AR = e K A A
FAB PR KARC AL E . A B2 F8 IR B = u )

A 0, AW ) 2 ) B L P i
TR,

( SN BRI A B R A 1SS )

B ¢ BEUE R

_____ G, I KBRS RALRE)
A W
| v
( HEHI 2 )

'A

B3, BR B A

¥

4) ¥4 TR NN E AT LR, 2 1 F
%{%\%%1‘@4&%}4%5 FERhE A AR B A
XALE 3 AN 2 A W 4 Fros, Hoh, R RIZ AR
RER = G B RN BT L A A e s A
AT DA RE R 1R En iR RS v EN R ERE 2, (H AR 2 (8]
FEIC R 27 AR AR 75 3 il ) R . Bl e 1] 5
HH Rl G SCAR T TR T 98 2 i s S BRI TR
A, <HRNPIR R TE B2 (B IR TEORER, K
B MO 2 AR R . B B R OR RN TS R
P55 T LTI B I, AR oR bR & 1
BARTE.

5) B Ja K #4805 AT 55 1 i
N, TR 2% 72 2 |2 Transformer HEZS M, T4
04y w] WA REEE R, ek (), @) Er
. Hodn! e REn 2 5512 Transformer M%ith. Q11
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KPRV R S 1+ 1R 1 51N R 33k 1 Query S
B, KeyHiFE M Value g, w, woH w1 0%
520 B AR B S T AR SR L+ 1R
MBS SKIE R I, K LR SBOENE 1+ 1=, 8
AT WA RE M € RV SRIL B P E ik # A1, LAY
PO,

Q! = h’WiQ’l”

K+ = plwki (1)

Vi = plw

L1 (gl
Al :Soﬁmax[w]
1

i
3.3 WEHCHERHZIZMEE (BILSTM) &3
EFXHIE AP 4% (RNN) TLiE A E I it FE 7=
Ao 55 I A B S R AR 1) I 4, 1997 4 Hochreiter 55 A
P KERHEIZ % (long short-term memory, LSTM)!',
IZAE AL 0T RNN SREAE B o, @ik 51 NFIN T, i
FIAESTT 3 M T ML, % S N 38 S5 Bk # 1k
AT B B 38, DAHOR I IR ASFPE I SCAS R )
A5 5, B s B4 TT M B AR 151 0 8 S

V-l+] (2)

1

o nTeneeeeeeeeooooo R
DxifrE: 102 3 9 10 11 12 13 14 15 16117 18 19'20 21 22 !

4 5 7 8
EWWﬁ%?%ﬁ%%fr%%mﬂkﬁﬂéﬁ%ﬂgﬁ@E
CHIXMUE: 1 2 3 4 5 6 7 8

EE
ggg
o
NI
=
@
haflly

E

%l
‘—{1
&
25|

r¥¢¢¢¢+++++44
> >+ s e b b e bbb
P
¢¢¢¢¢¢¢+*¢.«&.
R R ..

kRR

¥
=

IR ..
+ 44444444+ 400
P R R s
P R s
+++ +.¢.&.+.+ e

=) o = =)} W E (9%} [\S] —_—
3 W b

i

+++osse *

K5 ] AR -

LMME%%MTﬁF@%&ﬁ JEE I3 XE 1) 1] 730
EELMMR%MEHEiMEmfm@%Afﬂ
AN e [F) B 25 hE B 0 D R AT S SCAE R, BRI TR VE AR 3R
B 795 I R i 4 SEAAR ) — e DG BERRAE. BILSTM &
T LSTM J5i 38 iy N AH B O/ LSTM ZH AR, — AN A
FE A IE A AR B A N R B, o5 — A A ) 7 s T Ak R
BN H, A3 — M E BT LT SUE R
SR TR SURFIE.
34 2EIEEML% (EGP) 8!

TR i 44 SRR 2 o ST 3 i 44 SRR U
BT I — AT AT S5 B i 4 SR — R R

116 Z %% # System Construction

%aﬁn Sk, BIFE — N S () P 3 28 /D SR A7 FE 2 —

HAh S eI R 52 B S R R R
Jj: 0, 95 TR AT I i 44 SR AR
B X3 — i A, Su 4 A COVHRE A R 4 I 4 A
(global pointer, GP). GP AJ LLAT &4 iR il % 2 SR FI
B SAR, HXFTHE#E S (Flat NER) B 51 RCR
AT LA SE CRFUY. GP N4 10 49 2 Hh R, RN =% p sk
AR IR B A 22 11 ) P Sk A 2 30 O A 15 Bk
I S T GP U2 RO o A 45 2 947
(9, Jo7 1% CRF —FEREAT 2592 B0, A Ik o8 o s 2
GP 71 S e T R ) 25 KBt 2 B, 1%
& GP 2 80 FH 26 S 73 (1 1 L, 76 GP Tk 47 st 3
HEGP, B B4% T GP IS 3R, £/ 4 skl il
R4 (0528 45 305, MU /D1 EGP 1T % B 43
H AR,

oA 26 5 (9 5244, GP it AR [ () Head #E4T
T, 40 6 . ek, <O bR 52 B Sz A A
SR, MR R 1R S A R AL 5 S s v) R
— NSRRI K o, RS M 4T 45 Hodul
IR ALER, v 6 FPOAASHR, 9 1 FEZANR T s(u,v)
2SR SLAA, 9 0 WA . GP I ER SN2 (3)-
1 (6) ARt

hi,hy, - hy = PLM(x1,x2,++ ,X,) 3)
qua = Wq,ahu +bq,af (4)
kv,a = Wk,ahv +bk,a (5)
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i H AR SN A

5a,v) = (RuGua) Rikia) = a0 Ro-ikva  (6)

Hort, PLM(x1, %0, , %) /R E 1 T GRS 20 400 2 i )
HF N, 1330 — MR n RS 5k, ho, - by
X T8 — AN hy 2 A2 R GG AL B R A1 B que P B AL
BRIEE Bk gy Wy FI W o /2B B, 38X gy 0 F
kyo BEAT WA B SEAR R o 955 7 5 M Bl 1915
g3 WeANR T 7853 R B9 o i 4 SR i iYE B, 1R
ARSI P 5N eSS B gt (RoPE)"™, i FH A% Hfi e
R, HIFHRRHAPEA R AR R R, B H A IR 2 g,y 0
Hlky o, FF BV u By BIARK AL B S B A5 sa(u,v).

123456 1 23 456
MR R % R MM X % R
1ogflofofofofofo] 1rme|lofofofo|o]o
21 oloflofofo]| 2m olof[ofo]fo
3 th oflofofo| 3 & olofo]fo
4 X 0(0(0| .4 #x 1]10|0
5 % 010 52 0|0
6 = 1| %6 = 0
Head-1: SEIR Head-2: #BA7

6 EGP &7 &

T GP BRI — Fh S R S AL i 55 A3 2PN
P g, MRS 20, MBS HERSEEZ. AT
fift PRIX — 1) R, $2 TR PR SR A v RS R —
SR @ AT, T8 I S — AT HE R (W, k) T
(Wihy), ZHBEAH TSR T, BPPAH7 5 Sk 8 70
A RAGRSEVS ), 0 b AN 2570 o 1) A BB R B S B
BT, DAL SIS HE 4. S T — B i S 5
&, M [gus k]l RACE By . 150 (7), K (8) FIoR'.

Sa(ut,v) = (Woh) " (Wihy) + Wl by (7))

saUv) = quky + wolguskir gk = (8)
N

El
*

4 I HEER T
4.1 HIEE

ARSI B YR T SCBE TS AL BV
# CBLUE (Chinese biomedical language understanding
evaluation)!'”. A SC3EHL T CBLUE ) cMedQANER,
cEHRNER. cMeEE fil cMeEE-V2 iX 4 M4t 1T
BAE. BUEAEMIIZEE .. Wurde . MRS AVE N Ar ik
w1 foR.

BT 4 D EE A& AN R, A ST S 06 K Sl e ik
AT H S AL B, R s B 4 dR 48— e 4 B BIO FRiEA%

A BIO ARVERS 2% — i I SCAARE Ty U, 22
F ¥ 2 SE R IR BT 5% BIO &3 il ffAnie 77 3, &
R R BEAT bR, F T Ronzid 2 B E T2 4
AR, B-fir 44 SRR R 2T IR R — A i A4 S AR Y
TR -t 44 SEARR AL o i iA & — A g 44 SR Y
HR BB 23, O: 7 24 i) A2 iy 44 SEAR [ — 38 77

R 1 AIREHKSH

Btk WL uEsE WE YRR
cMedQANER 1673 175 175 Fl
cEHRNER 914 4 . Fl
cMeEE 15000 5000 3000 Fl
cMeEE-V2 15000 ©  5000° 3000 Fl

4.2 ,‘iﬁﬁiﬁﬁ

5278 % Fi RoBER Ta-wwm-ext-large 475} 44t
AT I ZRAL B, B 2545 31 512 4E A &38R, 1E
BiLSTM JZ X J Dropout IE N> LS, WE
LSTM &)z 5. 50808 512, Dropout 9 0.1. S256% F Adam
VENARAL 3%, 2231 %N 1E-5, #iLAL K/ batch_size

32, YZEFEIX epochs A 10.
4.3 VERIERR

SR F1AB AR R R B RCR VR A, 2

X (93 (11) Fros:

Tp

P= x 100%
Tp+Fp
T T\
R=—"__%100%
T_P+FNV «
] 2XPXR
‘ ] ==———— x 1009
O %

)

(10)

(11)

S T B AR o T A TE K 0 S A
Fp 2% 738 BRAIE S0 5756 45 % T 9 T 2K 10 95 44 8
Fay 37 B 45 4 TF 2 15 0 9 525 0 92 A 4
PRRME % RERH 3 FUE P, RIS

B, M T R R [ 2R
4.4 FWERRSH

T EARAE RN AE AR R 43 LA
[F], B R AR Lg% /M cMedQANER. ¢cEHRNER
B HER 2R B 2 5 T cMeEE Al cMeEE-V2. M T3 il
7 RoBERTa-wwm-ext-large, A 3CFE T H 2 H 1)
ERBEGP A 7E 4 MR - F1ES RS T 2.28%.
5.25%- 5.20% F1 4.74%. % T4 8L BERT, ERBEGP
e 4 MBS L FLED S T 6.21%. 5.55%-

4.92% 1 5.27%. FEE R a0k 2 fow.
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RoBERTa-wwm-ext-large #& 4 ¥4 G815 21 B B 18 7.
AT AR RoBER Ta-wwm-ext-large, ER 15 71
4 NHHREEE B F1 B E] T BORIIIRTE, JCH AL

wwm-ext-large K o MBI 2k, i@ fERUR BESI N
FR I, I 20l Tz B ) 5 X5 RoBER Ta-wwm-
ext-large FEAT A MBI SR, T ) B 1 2 R J7 S8

cEHRNER ##f4E I F1 {H32F T 1.95%. 1T RoBERTa-

&, it — Dt TR T Re.
F 2 SRIGER (%)

SEEG (Tt cMedQANER cEHRNER cMeEE c¢MeEE-V2
RoBERTa-wwm-ext-large 78.94 75.72 61.83 62.54
N ER 79.92 77.67 63.42 64.48
LS ER+BIiLSTM 80.43 78.98 64.83 65.26
ER+BiLSTM+CRF 80.62 80.57 65.95 66.42
BERT 75.01 75.42 62.11 62.01
o ALBERT-xlarge 64.62 62.52 61.83 62.13
HHS RoBERTa 76.48 76.55 62.11 62.02
RoBERTa-wwm-ext-base 77.72 7742 62.42 62.33
AL ERBEGP 81.22 \ 80.97 67.03 67.28

BiLSTM X A5 84 (1) 52 F+ B AR A tn S K B I 2y
HAR B PUNRCRE T B m. R AT BiILSTM
5 ER 4541975 R, BILSTM BEWS Sl bl 3k 4] 7 i
ETFXER, é}%ﬁa’é?ig%Jﬁﬁ’*EM%@ﬁ%m%E@i’ﬁ
P L, 3 — 2 R T R S SR FRAR.

FHELT- CRF, EGP A b SCHLF 77 i 44 S A4 1)
BB S B 0. 7E A 55 26144, ERBEGP L ER+BIiLSTM
+CRF 7£ 4 M E4E B F1EIRE T 0.6%. 0.4%.
1.08% #1 0.86%. &5 45 SRR WAL b SCHL T P Bl
T REBESTHRESAE, T EGP A8 [F] I Ab 7 22 )7 sS4k
R SR RN R S A, HLIC I ZR AR TI0 iod F2 AR
& HAT I IR EGP 78 Hh SC L7 3 i 44 SEAAR R
155 L 1A B Jin A R e K

R TR TR0 25k SR G B NS TR (R A R A

FEXTLE 5256 h, A% T BERT, ALBERT-xlarge! >R A

T H N TR ZREHE £, 58/ 1 2 B0 A AT R 2R
I 0, {E R SRR AR AN B AR, 7E 4 4 %idE 42 | ALBERT-
xlarge ) F1 {35449/ 1 BERT. ifif RoBERTa it/ T
RTINS BR g o K IR ], AT T SR 2
TRINZRES IR, TEARSCRTA Bl 48 b 0R 5 38U 8 &
BERT. 525G IE B, #8522 7)1 25 400408 45 v 195 B3 1R 3 %
RELF, FrUAA SR A T E RoBERTa 5K Tl 4R A
4 RoBERTa-wwm-ext-large.

SR P A A FE D SR RS R B E T LA RE S
A FEAT 4. RoBERTa-wwm-ext-base #H Et. - RoBERTa
1 4 NEARER B FLAEIRS T 1.24%. 0.87%. 0.31%
A10.31%. 1T RoBERTa-wwm-ext-base i [ T 417l
T SRmS, SRAT T IR 20 I 1l B 3R R, IR B I AN 3]
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SH BT T I SE SRR AE, Yk T RoBERTa H HAE3R1HF
REG I R R R, R A P SR TR RS R R
R, DR L B IO P - Hp ST AT A 44 SEAR IR BT 55

St 45 LR B ERBEGP 6 AU A ¢ T 4 i A 7Y
BERT. ALBERT-xlarge. RoBERTa fll RoBERTa-
wwm-ext-base, IR A B E ST, /£ cMedQANER.,
cEHRNER. cMeEE fll cMeEE-V2 X 4 M¥ifE 4 E
F1AESy %159 81.22%. 80.97%. 67.03% 1 67.28%, ¥
EF) T AR

Hof b Sz B8 FR AN AR AL /E cMedQANER i 48 15K
WERWE 7 8. AN A '43? AIfBERT—xlarge if]
SHEN SIM, TE58 4 5 IIZRIT F19E 85 K AE 64.62%
FEUi S ERBEGR IS HEh 325M, 7555 6 $i)ll Zkif i
8, 57 7 SEUIZRIN 1 REHH 81.22%. H1 T ALBERT-
xlarge 2R /I, T2 5 5% 5 K 4 o 1 M) 54
AT 3 T BAMC S0 E B . ERBEGP B AR 28
EAHE R R, (BTN T RN E R, 1545
RS e 2 3 T 2 A BT AR, IX e e 50 il 13
ERBEGP HA 5 if (AR IRAS, i S B ALEE 1 5
W B8 m M F11E, BT ERBEGP 7 244k K
B, HI T BRI, IWSUR E 5.

5 HiRE

AT RoBERTa-wwm-ext-large $2& i —Fh%&0iR
5 1 SRR A R ERBEGP, H T+ SCHL 79 D i
4, SzAR ). RoBER Ta-wwm-ext-large it 4] 7 ith 5
WS BN 5 4 3R SR B S ()38 SURFAE, 22 T
SCHL TR TR E B R R B R i i A AR R
TR 22 ) 3 7 B 2 BB ST RIR, B R iR AR A
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TR D SRR B R T AT BILSTM (9 3 B 4%
WU, RENS S 74 PO D 5 & 19 D0 1 SCRFAIE; SR
EGP [A] It 25 & SEAR i) an A2 b4 B, A HT L A
P8 00 AL S R T % 5 SR, SN R g ke v S
FL T 3 1 44 SIEAA TR A 55 R 5 ST AR A DL AR 2 i)
R, A AR R AR mR SO HL 9 i A4 SEARIRIAE 55 R
S R SE AL R AT v 2. 7E CBLUE i1 4 /M4 1
ASCTELIIAT T U R AR, % b ST
I B SRR B A e S E.
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0.1 ¢ —e— ERBEGP: 325M
0 1 1 1 1 - 1

4 ‘5 6 7 8 9 1.0
Y epochs
K17 cMedQANER X bbSzdfah

b7 LA ChatGPT &5 J9 AR 1) R AR T SRAsi 214 £
HHER, B ETARGED T P A5 Y BH OROASE T7 1) R FR Y TR
. ORER AR, RS ERR, ISR RN
(T A5 70 2R LR L ] 1] 0 e R AR TR B
HP S HL 0 i 4 SRR 4 T R BB AT T ).
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