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[ Abstract |

nese electronic health records (EHRs) , a novel named entity recognition model that integrates MacBERT and a global pointer network

Addressing the limitation of existing sequence labeling approaches in effectively recognizing nested entities within Chi-

was proposed . Initially, the MacBERT-large pre-trained model transformed the text into context-sensitive dynamic vectors. Subse-
quently, the fast gradient method (FGM) was employed to generate adversarial samples, which were incorporated into the original vec-
tors and fed into a BiLSTM ( bi-directional long short-term memory) network to capture contextual features. To enhance the capture of
long-distance semantic features, an attention mechanism was introduced. Finally, a global pointer network model was leveraged to de-
code simultaneously considering both head and tail feature information, thereby achieving superior prediction performance for medical
nested entities. Experimental results demonstrate that compared to the state-of-the-art global pointer model, the proposed model
achieves an improvement of 1. 8% , 1.37% , and 1. 72% in F | -score on the CCKS2019 dataset and two versions of the CMeEE Chinese
EHR dataset, respectively, validating the effectiveness of the proposed approach.
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Fig. 1  Structure diagram of Chinese electronic medical record named entity

recognition model based on MacBERT and global pointer network
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Fig.2  Comparison chart of different mask strategies
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3.2 EHriEtR

A FOEAE R BB H8 AR 2 = A5
AR bR A 48 SC AR TR ISR ) 1R g S RICR , Horp
FEUER P (precision) . A A1 R (recall) 1E 4 4 By ¥
Wrdats, F A B 158 [R] s S BT 1 R B 2 A A [ R
PR R bR B BT TSR

n

—_ P
b= n, +n (22)
R="r (23)
n(’,
2PR
Fy = s x 100% (24)

P, HIERRIU Y R D SRR s n,
UM B R A LT D SRR 5 n, N RF U R R
JIA WL D SRR
3.3 XWEE

AR i SR T B S e PR 5T BB AN SR 2 T, 5K
BBRAE I 3 PR,

R2 KBRMRRER

Table 2 Experimental environment setting table

TR IR IR AR [E08:H
BIERSE Windows10
MFEE T Python3. 8

TR 2 HESR Pytorchl. 9. 0

GPU RTX 3090

K3 ZHRSHPRER

Table 3 Experimental parameter setting table

SRR ZHE
epoch 10
R 2x107°
LSTM K24t i 512
dropout 0.1
Pefbds Adam
batch_size 16
RAFIKE 256

3.4 XFLEEIES T
3.4.1 ML EATI

R T X L T 4 R AR AT 4% B RS kS
CRF it 7 AR A8 R A L, A SO oy il £
ToirE A SCHL T T R 2 CCKS2019 574 ik
B SR T T BESE CMeEE | HEFT5256

N 4 s FEAR SCH H AR Y A ASE Bl {45
SR ERER b BT 4 Sy g B I 25 04 g B D7 AR L
T CRF 7 o & S M L 795 I Bt 48 CCKS2019
bR AR T0.33% TR B SR L T I R 4
CMeEE I F 428 T 1. 11% . 2 JRH5 % P28 B0 80 )
A2 JRI Y A BE O TR) I 25 T PR SR R A A2 1k
L, BN A N — DAk T B2 7 AR i B 5L
5B SR, B T AR SR U R T L
WL NG LT CRF X TR 8 S A B UM ROCR AH
b CRF A RIS, HIH SRR w o #4002 147
(), DR S AR SO T T 4 Jr i B 00 28 A A8 A Ay 55 A4
R AR 7 AT 8

F4 MREFHEIEZIE
Table 4 Comparison experiment of decoding methods

e o h%
CCKS2019 CMeEE
1 CRF 80. 14 65.09
2 Global Pointer 80.47 66.21

R T A R e AT M 4g AL CRE REAAE B
SIEHL 0 DD B AR AR U B T ik 2 SR 1) g
A3 50 AN A, B ik 25 S AR A vh SCHL 0 T A
B 540 B itk 25 SR I vh SO i D B e A A 4
rh B AL BB S T A T F , 45 SR R 5 R
AT DA BT X A B e o BT SR Y H i 5 SC
A3 ARAT TR B, CRY fi#ft
1Y Global Pointer fi# it Jy 12 ¥4 0] LLERH IR 51 H
“EBET PR RIS W LR, S BAEE R —F
X [ oA 5 o - B2 7 S AR R 2 R T SRR Y F
T I SCAS S AR T LA 2 A s B B, CRE
Ff RS Ty v T LA < S R Ol B T R A SE AR
YIS U A I R R B S A DX TS B
PRI SE AR« M 4B AR5, 1 Global Pointer fif
T 75 R AT DAERR U s DL = A28 B S8k, H S
FACEE R 8, IR B T 4 R AR B R 4 R4
it 7 A B S O I BRI SR A RE T
3.4.2  FRINLGARA 2L

R T ERGEAS [) T 2455 2 4 B 7 3k X6 T L1
I I3 5 44 SR TR AR R P BB A9 5% 1), 2 36 e B T A
24 SRR I 5 3 > A D A5 R AR v SCH
T I EE CMeEE-V2 _EEAT X H 52364047

R5 FEIMBEBFHRANERTE

Table 5 Examples of recognition results using different decoding methods

A CRF Global Pointer HArgE R
B3 ARETREES W E M B (IR 2T I (B RIS ) B (BRI FI2 W)
IR ) 0 (BRYT AR B (RS T )
B AR 2R AN S LT A [LEzE ] I EEgLS 7)) P2 (SR )

MR A i (R PR

P22 2 0 (R RN P22 2 1 (IR R
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RRT:, 5 T MacBERT 54 JR 85 I 45 1) Hh SCHL 955 D i 44 SEAAR R 51 4663

R6 TR

Table 6 Comparison of pre trained models

Fre LAY F /%
1 BERT 73.44
2 RoBERTa 73.66
3 RoBERTa-wwm-ext 73.75
4 MacBERT 73.86
5 RoBERTa-wwm-ext-large 74.69
6 MacBERT-large( MABAGP) 74.84
6 Pin

(1) RoBERTa-wwm-ext 152 7 5% H 4 1] 5 14 5§ Wi
SRAF TR AY o] 2, 7 CMeEE-V2 B4l 45 FHUS T
73.75% 1 F, 0 TACRAT F 90 1Y ] H B Y Ro-
BERTa, M 7E Fifi B 4 1) 45 5 5 w19 Ll F >R H n-
gram 5[] IR 7 5 B9 MacBERT B8 BR 1 i
YNZRB B 5 T AT 55 A — B IR R, IS 1Y F 534k
IPLT LR PRSI A | HL s P A B 3 T &l M
14 R SCHE i D Rl

(2) RoBERTa BLAUAH L1 JFihf BERT ALK H] T
Bl ) L B A TN 2R B R | T Al
SR 1a] DL S B Z2 i P G e v LIRS T B4R
SR . RoBERTa-wwm-ext-large 11 MacBERT-large
KH 24 )2 Transformer 2 % 4% 17 & 47 55 K19 S %k
i FH LT base WL F 432 T 0.94% 5 0. 98%
T AR LI I AEE 2 BRI ZE T T S
B | i ZRAss AU b 35 HL 10 T SCAS 1 25500
4 IAS SO F | B 5 MacBERT-large {1 4y 55 Y
MR A B AR ) PR T8 B e AR
3.4.3 AHEAEART L

T UE A S A SCH o D i 44 SE AR
PURBAY A APk, S50 36 B 1 i 44 S MR TR ) 45
B SRS 55 3T ) S A A A TR 3 SRR
H SCHL - P B A AT T L S ERA A A 43 il
J&: BiLSTM-CRF. BERT-BiLSTM-CRF, Global
Pointer'”" Deep Biaffine'?’ W2NER'*/

4 7 iR, BiILSTM-CRF {i F X jA] LSTM % 4%
X SCAHEAT P B A, S B R SO i 5 BIE

R7T HEREBXERE

Table 7 Comparison experiment with mainstream models

F\/%
F5 Fi 7
CCKS2019  CMeEE CMeEE-V2
1 BiLSTM + CRF 75.14 59.32 66. 46
2 BERT-BiLSTM-CRF  78.40 63.80 69.92
3 Deep Biaffine!? 78.51 63.89 71.57
4 W2NER ! 77.83 63.91 70. 49
5 Global Pointer *] 78.67 64.84 73.12
6 MABAGP(ZAIUHL)  80.47 66.21 74. 84

] CRF ¥E47#f5 i BERT-BiLSTM-CRF 7£ BiLSTM-
CRF AYERE {8 F BERT IR R4 hy 5 1) 42 Y
PRATTIE DM NI R 7 7E 3 s 4E L1
F Y IERTET 3.26% 4.52% 3.46% , o] LIE AT
X R SEVERS L Deep Biaffine ) F WU 565 25 44 11
BISEARBI AR AT & 2 | a1 0] LA SEAR SR T30, A
BT IMEBIRIG WS T, Global Pointer £ H 42 )5
IH—Ab A R B R A T 24 AR, i S BL Atten-
tion FFTZrHILHIAE by fee J PRIBR v RE R [R]85 i S
) TR ) S i~ 1 G DA W VA
Gt , LEAL i SRR A L B A R T
i, W2NER Fir 44 SCARTEUINE 55 4 Ay i ) %) 22
B () 2R 28501, RE S S0 — Ah Bt ~F- 2 1k | B 28 SR D
E[SBUES N N i s g AR W 1N AR [ S (SIS A
CCKS2019 Bi4E Ly F 33 MERIR R 0.57% ,
7E CMeEE Fl CMeEE-V2 7 %] #£ 7} 0.11% 5
0. 57% , JF PR AE T X 22 R K SCAR ) o SCHL 79 1
B, W2NER 7] GE T T BR i S S A4 DL A1 H:
MR E SR, FET FO A BUORERAR . A SCHE Y
R SCHL 0 1 i 44 SRR B Y MABAGP AH FE 5
MRS AR 3 NEHRE Ll & T 2.07% .
2.41% 4.92% ;A0 LE TR 0 R0 f i 1Y) 32 i A A
Global Pointer 7£ 3 M4 4E LB E T 1.8% |
1.37% \1.72% , FHBLEGAE T A SO H AR R A o SC
HL P D3 i 44 S A3 Aa h A A5E  SE A
3.5 HRMSNIEHHT

AR SCHTHE T R AE 2 A VAL BOE 4
T H A FEASEAY | [] B SN B T AS [ i 6 2 DA R
ANT) N s 0 6 T 5 0 1k BE AR 52 R, 7 L 3 il
Z b AT ANk (AT) 5iEE )
HLHI ( Attention ) Xif T A5 B JH 510 580 50 A 52 ), A SCHE
20 i F BT SR R SO R e T B B 4
CCKS2019 [-i& it 7 H @l 52 55, K MacBERT-Bil-
STM-GP A& A Ry FEAERAY ( Baseline ) , 30 )51 A
ROE W I[E Y = NI Py = b K B R .

% 8 Al

(1) 38 1 LB baseline I Baseline + AT A
DA RIS A X A AL U IR A 3 T
YERL, F B FEERERRTE T 0. 4% , EFXFHL T ik

RS HEAZLIE

Table 8 Ablation experiment

e i Fy/%
1 Baseline 79.88
2 Baseline + AT 80.28
3 Baseline + Attention 80.32
4 Baseline + AT + Attention 80.47
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I rR AR B 1 R P [R] AR SGE 3F FOM 7 74
MW= N [ § =/ =RP 7RI =0y | ESY5E i
T P SCAR [ 4 38 (S 7R 2 > 3] T ip - Az Ak
AYRAIER S, $ 8 1 L AE TR AR U8R s e 4 P g
TR B T S A AR IRAOR |

(2) 3 H 3R 5 baseline #11 Baseline + Atten-
tion A LAAR M ) HLHE N 2 07 AL 0 A5 2 U5 20 SR
AIRTHER, F BRI T T 29 0. 45% , 51X
HSC R D SOAR T ) 1 I, BILSTM S i | T
SCHFE JC I ARG B B B RRAE ), i i 51 AT
RIIOUHN, 7048 3R B B RRAE () B il b S R YT A
2 SEARAHOC R RRIE 23 B A 2 3 3 07, JE R I REAE
SR Rl TR E RS BT
SCAF B RIS TE T8 SOOCHRYE ) T8 5 1 B 97 il
2 SR BRI R

(3) 18 3 EL 3 A5 Y baseline A1 Baseline + AT +
Attention ( Bl MABAGP) ] DAA5 M | [] s 48 Jin % B Il
GEERBNPR BRI F R IEERI AR T T2
0. 6% ,IEH] T & B R AE AR v 1) A R4, 155 8L 1)
PO IR B e

4 g

SR T B R SCH T T A 44 SE AR B A AR bR
TF MR D R 2 S A A 3 e 45 ) ) i 41 T — by
4 52 A 3R I A ) MABAGP, 3% B % & 4G 3l i
MacBERT-large TH Il 545 K i A B HL 35 ) SCAR
oM A TESE B &, AR5 FGM X
U5 s AR O BUAE AR DUAE JR G [ 2 LS it
By, PR R IR FE AR 5 X PR A S Rl S A BILSTM [
PR i R S R B R SOE UAE B, Il
SR AU 5 K B 18 SCRRAE SB35 )
FH 4 JRy$8 T T 265 A0 750 [i] Fsf %5 5 S)s 35 i 8 350 B4 SRR
5 BT, ASCR Ay BILE 3 4 SCHL i i 8k
P4 i 3 % b S 56 5 0 il s S0 UE B T RS
R | P A R I 2 2 S AR Ak 3 X ] A8 7 iy b g
2T W SCH TR D A 44 SEAR UM A ROR (R R B £
TE— 2 Btk A ]

(1) 0] LA 25 jg i A e 2 4 3k 55 4 10031 25 19
BERT #5254 DL 547 U RICR

()5 A FCM XFHT il Zr ik 4t 17 )
SR AT LA R A At BT B BT I S e e AT
FEERAL

(3) WA SCHE H AR TR 1 3% T HoAth i 45 SRR
A DL AR AR 7 AR RE T

2 % X W
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