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Named entity recognition of COVID-19 clinical text based on MPNet and BiLSTM
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(1 College of Electronic and Electrical Engineering, Shanghai University of Engineering Science, Shanghai 201620, China;
2 School of Basic Medical Sciences, Shanghai University of Traditional Chinese Medicine, Shanghai 201203, China)

[ Abstract] With the rapid development of biomedical research and information technology, the amount of clinical medical
literature is growing exponentially, and the automatic extraction of medical knowledge using text mining technology is gradually
becoming a current research hotspot. T In view of the current lack of research on Corona Virus Disease 2019 ( COVID-19) clinical
texts, insufficient corpus, and low quality of labeling, this paper formulates medical entity labeling rules based on the UMLS
medical semantic network and expert definition methods, establishes a named entity recognition corpus, and clarifies the entity
recognition task. Secondly, a COVID-19 clinical text named entity recognition model based on MPNet and BiLSTM is proposed to
obtain a vectorized representation of the text by pre—training the language model to solve the problem of multiple meanings of a
word; a bidirectional long and short—term memory network is used in order to capture the long—-range dependency of this paper;
finally, a conditional random field is introduced to achieve sentence—level sequence annotation and output a complete sequence of
optimal labels. The experimental results show that the MPNet—-BiLSTM—-CRF model achieves better performance on the COVID-19
clinical named entity identification dataset.
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RURGHE R | A TR 55 PR T A R A S By, X AsE Al ik
IR G e 24 SR PUIME 55 LS T B4 i st
3. A ELMo i H i 8 SCRAE R B i, o 4R A5
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PLM J7 4% A A7 78 Js BR A%, 76 F T T W AT 55 S
i, 253 B R AR AN DR S, SR T gk LA L[]
R R R R AR R 4 R T BT MM A PLM
% B S R TN A58 MPNet ) 9840 T MLM G
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Bi-LSTM

Embedin
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PLM JCiE AR R4 55 v n] WL oE 305 B (Rl

EEXE HRTIR RIR S CARM R EZ BRI RS
By ot AN 5 46 [ B, AR SC45 A UMLS 15 LI 25 1
L5 5E X7 T COVID-19 Il REZAAR HE R
JiE | IR T Z50E 5 AR MPNet 5] A COVID-19 IIfi
PRAE PR BT 55 v, $2 0 T — B 36 F MPNet 5
BiLSTM [ & 22 SEARTEI AR I

1 MPNet-BiLSTM-CRF #pZ S2fi0 55y

AR SCHE B9 MPNet—BiLSTM - CRF iy 4% 52441
PR B ER AN 1 TR, SR MPNet Tl 25
BEIRIAE itk A2 R A AT SCRR A 78 8l 24517 )
5 R BiLSTM 8 4 I B 4K ¢ & i J5 B CRF
e R 2 AT SR FERR T 3 50 A, TR0 HE 4 )R R DA
5 )T AR 4 i BILSTM - CRF )34l FikfT T
MBI T MPNet 35 5 AR, 76 7000 #5044 i Y
RIS DAE 22 (45 8 R 45 0, AT 3R A5 T g 2 2 3R
fiE, FF00 TR B 22 5

El 1 MPNet-BiLSTM—CRF #2454 [E]
Fig. 1 The structure of MPNet—-BiLSTM—-CRF model

1.1 MPNet i)l 2R 5

MPNet #8133 B T HEEALE] . B iR K n =
6 BIHIATTEINA (%, ,2,,%5,%,,%5,%4) , £rBAFLAE AL
BIFFNR (xg, 0,2, , %6, %5, 0,) , TRIAE S 12 x, .
ooy Flloe, , WAETEN P51 R A (x4 ,2, ,2,, [MASK]
[MASK] , [MASK] ), XN &F5 R (P, P,,

P,, Pg, Py, P))o WK, N T 6Lk 150 00 35 2 1)
[ MASK ] A 2| Z 7 70 7Y tokens, MPNet & H T
PLM X3t F R I AL 58 5 A B A R, I8 NS
A R S TN R A FERCHLE 40, MPNet
FETUN b3 1 51 o Y B B8 A R 00 R 4 E
(x5 + Ps,x, + Pyox, + P,), [RIBZETTNER 53 22
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HIFT Y (2 + Pg), MATIEE S MLM HARHE G R 5t
IR, AN, TR BN AR RS T
WA 55 i AR 21— 2, MPNet 78 3E 5000 &8 73
BT A S M ALE fF B ([MASK] + P,
[MASK] + P,, [MASK] + P,), BRI 2| 5% 5
A T oy B, RELEE S0 A8 53 3 546 1Y
(x5 + Py, x, + P, ,x, + Py) LARFIATHSN tokens
F; 815 B ([MASK] + P,, [MASK] + P,), [l
INFZETRIN 7R 53 B Z B P A (g + P) o 3T
IRIP XSGR AR T AL B A ME 5 AR AL R
i FME Rl DN 255 ) = T g AAS— 0 Il
BER]F M “to take up seasonal flu vaccination”
B B NP 3 N [ to, take up, seasonal, flu,
vaccination |, 77 2 1 I #J token J& [ seasonal, flu,
vaccination ] ,MPNet I TFALANF .
log P(seasonal | to take up [MASK] [MASK] [MASK] ) +
log P(flu | to take up [seasonal] [MASK] [MASK] ) +
log P(vaccination | to take up [seasonal] [flu] [MASK] )

(1)

Position:
Encodin,

1.2 Transformer

H Vaswani %[10] # 4 Transformer X —3& T H
TR LI TR EE 27 A AR LK, )32 g T )
NLP 450 H fifp e 4% 7 52 2% R, Lk 32 3 ) Tt 2
55 BCRL (U BERT, XLNet 1 ALBERT %) #5 LI
Transformer 1R HAE T M4, L5015 F A 8
T CNN 5 RNN 2 i 5 2547 U1 2, 76 4 Tl 400 1 45 2
B RE B Rk, I HLAE 27 > BiR] R AR A TE AL
B ZE, JU I RNN J& #0554 BEE A, Bl — 45
— A AN EE SRR R I TRE R B,
R T SO A B 2 2 R B ) 55, Transformer 7
BAS BRG] AT Attention HLHI, KIFHETH T
RN SCAR B R AR $2 BURE 71, L b, Transformer 6
SIAT £k E SHLH (Multi—Head Attention ) |, i
HERVGEE (T FH A F 9 AL 14525 [ Y R AR
SRS TP R AL B HAR S T 2N F Y T
R IREHA R B, DT 2 B e B TR RME B £
RLEERFAE . AR1ERY Transformer 5K 40E 2 PR

B 2 #R# Transformer Z5#9E

Fig. 2 Standard Transformer structure diagram

i K 2 W] G0, Transformer H encoder #
decoder PiFR4H A T . HowP, encoder i i 6 1~
UMt 28 B AL X, B encoder HHAREL i — AN H T
BRI 2 28 2 WA 7 2 Z (8] i i 5% 22
WL SR EA T, R — DR E . A T 8
2R Z IRk 22 1 42, R rh T A 1 J2 10 i o 4

¥4 512, Decoder WL 6 >58¢ 4 4 [F] 1Y fif i 2% &
PR B, BR T 5 g A s o A — BN RS 1R A,
Decoder M E T — N ZKEBNZ, Z2LEFET
R A R JZ PR, AT LA P 3 R
T Z A A AR T A G R B
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1.3 WEKEHIEIZMEZ (BILSTM ) &5

N T RPAL GG B 4 M 4% ( Recurrent Neural
Network , RNN) ZE Y R K 1847 B 7] BE 5 25006 B 4%
VRN FE 1Y 2% [7) B, Hochreiter 25 AU 42 H T K 4
12 M 4 (Long Short—Term Memory, LSTM) , %
A REAETE K SO Zh P 4 K IR B RO R,
FrufE RNN A RUA HE  LSTM 7F Ho 45 # L mdt b 34 i 1
HENLRIFRCAZ oo e, Horb gz Bt
TAAESCASRAE , [T HEBLG X2 12 B 5T v B A
5 R T i E, LSTM AH 43l B T g AT L35t
AR 11O B 0 ] 20 IR 28 38 A 2R B R
L5 B 7 =X, THBR T RNN BEAY R b K SCAAT:
55 I AT RE Y BRG], LB STES A TN 18] 3 s

3 LSTM ®xT#&HE
Fig. 3 LSTM unit structure
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C, WGHHMRZS C, , B A RES b, BRI £ 32121
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Herp, B AR — I 2R B3RS b, -, SR
Fisf 221 e AT X

SEAZI RO &, R AEDIRAS €, 489 23 5
(3) AR (4) HEES .
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C, = tanh(W, « [h,_,,%,] +b,) (4)

WRAEE AT ICALT TR ¢, BT TRYEL /, LI

MRS C, A1 E—F 2R ES €, F18E ¢ i 2040
LR A €l

C =c(f-C_, +i-C) (5)
i — I ZI A B BIRAS A, L ST 20 7 i AL TR
X, RS AT Z0 A0 RS b, 1O B 205 R T T A (o,
AR b,
o,=o(W, « [h,_,,x,] +b,) (6)
h, = o, * tanh(C,) (7)
Hr | o K sigmoid PREL; tanh A XU E VIS
PRI WL b 0531 2 7% i 426 14 T2 PO ASCERL 8 I R v
A, Z80d LSTM BRI IR | B2 RIn] 754 31 5 /)
TRIEMFE MBS REFI  hey by ey by s
X FARER NLP AT 55 (JLHM P SIRREAL 55 ) , b
T ICHATCIR T B TR AR AT RS
FEPAR L B, Gl E AL, LSTM BT h
BT %4 SR MTERE S P40 ) U | R [a] LSTM ok
AEHR SCHY N AE B, AT S BUR Y T VA A ) B R
SCHYRNIR, S0 S Z A RIRACR B < A I 12
M 4% ( Bi — directional Long Short — Term Memory,
BiLSTM) BEAESRHR ESCAFR R, SUREHIAR T SCA2, X
XU {5 D ABREHEA T 1012 , 388 5 [m] g 45 3 i J5 P
[i] F) i, o R A NLP BEAS 1 M fE . BiLSTM
BERILS NI 4 Fs

fit =

AJZ

4 BILSTM #&E! 51 E
Fig. 4 BiLSTM model structure

1.4 FREHL% (CRF)

Z1FBEWLY ( Conditional Random Field , CRF)
J& Lafferty 55" 3 T e SO AL R B /) AT S AL 41
Jr gt g — b 531 SCME S TG o) &2 ST ALY T
PRTEFIVI A Rt B SR AR TR P AL 55
FROARS T, 2 X = (X, X,, -, X,) FERB80 40
EFH, Y = (Y,,Y,,,Y,) FARREFF, P(Y
X) HELNVERE SR AFRENLY , MAEREL S & X HUE A «
AT I BRRAS A Y BUE Ry 0 S5 E 53
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Z(x)

z/ u, s,(y,-,x,i)) (8)

Horf o, s, SR AT R, L BRI S 0 5% 1
(Y396 AR AR BRI 1,220 0) 5 A,
w, WAL 5 Z(x) HIA— e T, HH A h

Z(x) = Zexp(z /\k tk(yi—l ’ynx’i) +
ik

v

2 uls,(yi,x,i)) (9)
g 1 BRI, DR R R E DIRZS
REOE R A FH S8 — B4 5 AT 3o AL e i 2~
B2 W
Pyl x) =
Horp,

Z(x)= Zexp(z wkﬂ(y,x)) (11)

Pyl x) =

exp( Z}f )‘k zk(yi—l 7yi’x9i) +

1 K

Z(x)eXp;; w, [, (y,x) (10)

CRF 5 55 B2 1 gt 2 VI A B g R, 3
LT, S R AT £ B SR R BT CRI BEAY )
Yk, @0 (12) R ESESM T BRI Y
(SRR

L=log (P(yl x)) (12)

B J5, 76 CRF B R0 7500 3 72 rp SR A 208 5 L
( Viterbi ) BHR R i 4 Jsy e Al 7 91, o i B ik vl
DA 5 100 %o 52 %5 7 A B KA R AR 2, 1A
XA

y = argmaxP(y | x) (13)
2 IWHERS5HH

2.1 LR

A SC i B R 28 B G R 5 W
( ClinicalTrials, CT) H1 % COVID - 19 4 5 Ilfi & 12k 36
M, CT B J7 Wik A https :// clinicaltrials. gov .
CT A 1 PRI 5% 3 78 th 545 o iE A7 10 0N 5
NG RIIE IR 0 H , a5 AR E R
HEEFRME R, BiE COVID-19 A%, ok
7 22 AR S I PR 6 78 T 5 47 T M, IR R I
SEHVE 5 COVID-19 FHCRYIR R B 22, 5 ]
TRIRZE SRR AT BEAFEAE (5 B TE B AN 8 & (1) [ (8, 7% SC
T 697 I Fil ki 55 54 747 COVID-
19 1 RAES ) i 44 SRR I 5256
22 KEFE

AHF5E R Y NER 1889 BT PyTorch TR 2%

SJHEZR SRR E WK 1,
£1 ZRFBRE

Tab. 1 Experimental environment configuration

TiH EM03781 5
BAERSE Ubuntul6.04
CPU i7-11370H@ 3.3GHz
GPU RTX3080( 16G)
Python Jii4% 3.7.0
PyTorch HE4 1.7.1

AT R AR KA 1) MPNet A7, (g 12 4>
Transformer |25 2045 1AL, Bl )= 45 B2 150 768,12 4~
T ki i/ GELU AR b H i ek %k, BILSTM
FeuBt i oe ol 128, TEYIZRET B, MPNet ~BiLSTM~CRF
M5 KT HIH BE A 256, batch_size 247 128, MPNet 2% >J
BN 3e—5, Dropout 5 0.1 ,,H\ﬁ?ﬁﬁﬁ% Dropout N 0.3,
IS Adam PEALTE ORI T2,

2.3 MBEXSHRERRE

e 86 T W Y AR5 AR A SO 29 ) T R
ARFE B AH DG BE 22 Sk, i G, 25 ) 44 B
“Remdesivir” \EJ7 B2 ¥ “ bronchoalveolar lavage” . <
JHAFR COVID-197 3545 . AN [a] I BIFFE % B2 97 S A4
AIRRTE RN A E SCERAT —E 2257, L — BB H &
%t ( Unified Medical Language System, UMLS) Y% T
Hd 500 J7 AR MR 2 R 2/ 200 J7 B R £ AR
&, HETC T Z 0T 3R 7328 i PROFFE A 350
L D S el rh . AR 2% T UMLS a8 SCRY S
PRSI LA R SCHR 13 ] rh it i B 2 SR bR 1 RV
Xl RARE T N AR SE T SEARPR AN 3L 455
SCRNESE ST 8 B2 5 iy i R S 44, COVID - 19
i R SCA iy 44 SR B U R ] L3R 2,

®2 EHEBENSRG)
Tab. 2 Entity type definitions and examples

75 SEARZE 5 FAREC N
1 R Disease COVID-19
2 254 Drug Remdesivir
3 Il PR B Symptom cough
4 IR T Procedure bronchoalveolar lavage
5 TR Severity critical ill
6 By Equipment bronchoscopy
7 [ 27 K 46 7 H Ttem vital signs
8 Bk Body Lung

NER 11:55 5 7E 4R HUSCAS 7 B iy 44 SEAR, An 44 F
B AT S 2 NER ZER9ARES , AR SCAdi H BIO ARvE =t
XN IEATRRTE . X FlA% X A F 3R i b
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CHARIC A 0™, “ B bRic X I SE A4 4 45 — 1> Fin]
T ARICXT R Rl — SR A A ], < B FI 17 bR aE:
JEBGE A (BUF I R RESR B A S (n
Dru Dis Syp %5) , % 3 X} COVID-19 Il & 52 74 7
IR B 7 9]
F3 ILEBMAWREENX
Tab. 3 Entity prediction label definitions

Jre FAESE Finiss rh R AR
1 PR Disease B-Dis 1-Dis
2 2 24 FK Drug B-Dru I-Dru
3 I Symptom B-Sym 1-Sym
4 BEITRIF Procedure B-Pro I-Pro
5 TR Severity B-Ser I-Ser
6 EJrits Equipment B-Equ I-Equ
7 BEFRIRIE Item B-Tte I-lte
8 B Body B-Bod I-Bod

2.4 EMIERR

AWFER AP (P) A B (R) F1 F1{H
(F1) YENBRITFNHENR . P 248 IR0 S5k
T A SAA (Y L R R TERRIR A S R
FE A SRR LLE A 4EbR AR AT

TP
P= (14)

TP + FP

TP

R= (15)

TP + FN

2PR 27P

Fl = (16)

P+R _2TP + FP + FN

Hirp | TP 38 1IE A HKE 1E () T30 4 1F R 8 5 FP
i 1R M 1 T R 1 AR 5 N FR R TR MR OE
Ty B 4K
2.5 XfEE3RIE

AT YR AEAS SCHE H ) MPNet-BiLSTM - CRF filt
GRS COVID-19 I RS0 13 W SR BAG 308 1)
PUBIRCR , 5 LU LR O b A5 0 L se i

(1) & HiL iy BiLSTM — CRF #5% 1, 2 45 184 3% 1T
word2vec Y2545 2 1R, i A [ A E A SR 5 8
I BE LSTM )2 1 CRF 58 i w5 5150 5. H
HPZBALE 32 W F o3 SCAE Y B 2+ NER 155
o RS T RAFRIRCR

(2) Att—BiLSTM - CRF Fift & A6 1114, 2 45 750 5
51 Attention HLH , B R AL BEAS L 78 TR A
SCHA]— token 8 22 S 2 ) ) —E50E

(3) XLNet-BiLSTM~CRF #5111 . 32 465 350 {fi Fi]
XLNet Fililll 28 5 55 AU 46 HUm) 740 10E , 2K 5 1 4
P28 R 28 AR S R IR RRIE AR 25 6 TR A TR BRI 8K
PR LRSI BT

(4) BERT-BiLSTM-CRF #4273 i3 {# i BERT
B AR ) XINet 3%, S8A BEML,
RERIAE Y Wy BE 2 NER AT 45 b B i 1 3%
}%[16] N
2.6 HERHW

XF PR SRS A 25 RS TR (g S 00 45 1L L
4, M3 4 AIHL AR SCHE Y MPNet - BiLSTM - CRF
R b iy N R NI S SE Sy S G 1 S R NI
UWE D F 3 T XLNet A0SR (H F1{E P 2 5]
ANBH G, TE T AL ) S 25 R P, ¢ Disease” |
“Symptom” Fll “ Severity” 1Y) F1 {5, X & H T7E
X 3 SRS A T B H A B 4R B A 2 A
b RERIRERS FT 4327 ) 3K B SCAR B RRAE . 38t 2 #r
T3 HN LR SR B, A AR U R B8 A A/ R B0 40
BIG, 53 AR 4y AR5 ¥ 52 4% H i R B (1)
W ERE RN COVID-19 Biia e 254 K4
SORYTT G ) , T BB R DL g o SRR AE . AE
J5 4k COVID-19 I PRI IR A# 219 NER 455, AT LA
A 3 3 A Tl Y T TR 2R R 48 N SURRAE
AT AR AR A () R 51 e

MR 5 thR/R S IR 45 K mT A0, 4 COVID-19
Il AR 56 E B 4 T, MPNet—BiLSTM - CRF 47!
5T 4 PR L, AR RS 5% A R FL
HEA T, 48 BiLSTM - CRF 45 7Y 52 {4 {1 1]
1) F1 {8} 69.42% ,5| A Attention HLHI 5 IR F1
HIETET 2.49% , BRI S /1) B bs
PR 5 P 3 v A B R AR M | 3 A AR R R
N ) F R 1 B ) 43 e KR L ) R AL, T3 S
A4 JR 1) B AE S BILSTM i tB 09 AL, % L
ERT-BiLSTM-CRF I At—BiLSTM-CRF #i %! Fij#
SCIREEIRNY 3 WS PR AT, FUEI & RTT
1.26% , W] BERT Tl i)l £k 18 7 B AU GE 0T 47 b 4l 412
Y Z& B R #5 F, BERT - BIiLSTM - CRF 5
XLNet — BiLSTM - CRF 155 %Y A4 Lt , K 5 5 43 )l &
72.60% 1 74.57% , F1 {H53518 73.17%F1 74.01%
M Z T, 3T XLNet () NER 5 7 %4 5w A
BERT, 17 342 H () MPNet—BiLSTM—CRF fli 545
%15 XLNet-BiLSTM-CRF #RAH L, F1 (H4EE T
1.06% , i 1 i F @l & 7 BERT 1 XLNet 1 55 1
MPNet Tl 505 5180, B0 T 9 51 () RAE s | [F]
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I RCRR T OB I, AT B o 1A A 1 LU
REJJ. LA, MPNet ARSI RE 1) 5 )i, 3R I

KA TR, K MPNet 154710 i A 244 BoA 5
IR,

x4 AEEEEBHIRAHNER
Tab. 4 Identification results of different entity types

EQIS Sl
il Eizta

Disease Drug Symptom Procedure Severity Equipment Ttem Body
BiL.STM-CRF P 80.89 73.21 77.88 65.05 83.23 60.87 62.12 69.05
R 78.35 71.75 73.64 64.42 81.13 61.54 64.06 64.93
F1 79.60 72.47 75.70 64.73 82.17 61.20 63.08 66.93
Att-BiLSTM-CRF p 81.53 74.24 78.50 69.11 83.95 68.04 68.30 70.16
R 79.61 72.95 76.36 67.18 85.53 63.01 66.54 63.97
F1 80.56 73.59 77.42 68.13 84.73 65.43 67.41 66.92
BERT-BIiLSTM-CRF P 82.33 74.25 82.14 71.61 86.06 63.54 66.55 66.67
R 79.77 73.88 81.42 68.79 87.65 68.96 70.34 70.31
F1 81.03 74.06 81.78 70.17 86.85 66.14 68.39 68.44
XLNet-BiLSTM-CRF P 83.13 75.87 83.04 71.07 87.67 68.68 67.75 71.76
R 79.92 74.75 81.58 68.90 87.73 67.10 70.04 69.12
F1 81.49 75.31 82.30 69.97 87.70 67.88 68.88 70.42
MPNet-BiLSTM-CRF P 84.80 75.43 83.49 73.48 89.44 68.45 69.45 73.88
R 80.61 74.88 79.13 72.37 85.71 70.07 70.22 74.60
F1 82.65 75.15 81.25 72.92 87.54 69.25 69.83 74.24

£S5 BERBEEWILER

Tab. 5 Overall comparison results for each model %

R iR PERE et FL{E
BiLSTM-CRF 69.86 68.98 69.42
BiLSTM-Attention—CRF 73.18 70.68 71.91
BERT-BiLSTM-CRF 72.60 73.75 73.17
XLNet-BiLSTM-CRF 74.57 73.45 74.01
MPNet-BiLSTM-CRF 75.55 74.60 75.07

3 HRiE

ARSCHREH T —Fh LT MPNet F1 BiLSTM # £ 2%
SRR IR B A BiLSTM W 4% 34 I K SCAS SR AF
FERCHT CRF JP AR 7, figid b T COVID-19 Iy
PRI [ SCAS o 2% B 2 AR BRI T 55, S8
WE T 2410 LU R LS IE A SCOT ¥ A 38 0hE |, 45
B HARI Y BE O T 3L MRS DL R AP kgt 72
TFFE B 56T 3 0 I 2B 78 (%) S A ) ik, 9 L
REAS T L S PE COVID— 19 AH 561 FAR 2 25 S A it iR
TS, % S 24 40 A B 5 A — E S AL,
ARSZIRAR L 697 A PRI IS FEMHC 5% P A 4%
BSCAR A AE SR TR 2 2 (H 85 A 24 1 g 1) 2, PR ke

FEFE TR TAES A E 20 R SCA K F 5 1
BLHEE , N424E COVID=19 IIfi IR SCAS Hh B 5 1 B2 20
TSI R B

57 3Lk

[1] GAIZAUSKAS R, HUMPHREYS K, CUNNINGHAM H, et al.
University of Sheffield: description of the LaSIE system as used
for MUC-6 [ C]//Proceedings of the 6™ conference on Message
understanding. Columbia, Maryland; Association for Computational
Linguistics. 1995; 207.

[2] AONE C, HALVERSON L, HAMPTON T, et al. SRA:
Description of the IE2 system used for MUC -7 [ C ]//Seventh
Message Understanding Conference ( MUC-7) ; Proceedings of a
Conference Held in Fairfax, Virginia, April 29 -May 1, 1998.
1998.

[3] APPELT D, HOBBS J R, BEAR J, et al. SRI International
FASTUS systemMUC — 6 test results and analysis [ C ]//Sixth
Message Understanding Conference (MUC-6) : Proceedings of a
Conference Held in Columbia, Maryland, November 6-8, 1995
1995.

[4] MIKHEEV A, MOENS M, GROVER C. Named entity recognition
without gazetteers[ C ]//Ninth Conference of the European Chapter
of the Association for Computational Linguistics. 1999 1-8.

[5] MIKOLOV T, CHEN K, CORRADO G, et al. Efficient
estimation of word representations in vector space [ J . arXiv
preprint arXiv:1301.3781, 2013.

(THEEE 177 10)



