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Abstract : Chinese named entity recognition( NER ) is a natural language processing( NLP ) technology that exiracts entity
pairs,which is widely used in knowledge graph construction and information extraction tasks. The traditional Chinese NER
method mainly emphasizes character-level analysis,but ignores important aspects such as location and word features ,which
hinders the accurate identification of entity boundaries. This paper introduces an enhanced Chinese NER model that places
a heightened emphasis on both boundary and word information to enable the precise calibration of entity boundaries.
Firstly,multi-level text features are constructed as the input of the model. Then, the strategy of integrating location
information and category description information is proposed to enhance the semantic representation ability. Finally, the
conditional random field( CRF ) model is used to map the enhanced feature vector to the serialized label output to accurately
extract all entity and category labels. The efficacy of the proposed model is underscored by empirical evidence, revealing
advancements in the F1 score by increments of 0.82% ,0.78% ,and 1.51% on the existing datasets OntoNotes, Resum and
Weibo , respectively.
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Fig. 1 Named entity recognition instance
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Fig.2 Diagram of model frame
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BARER  BAE SOA TR BRI L) R AR B A, RNl S TR BRI E S WA = 1 T U L, | TR
BB B, DL 5 IR A A a4
22 FEEMACERNRD
BE—MLE n N “token” T w={x,, -+ ,x, |, “token” F/R N
[s,,*,s, ] =BERT (%, ,x,). (1)
BERT &4 & 1E 55 B A TSR A | 5 70 B0 4 3R RN 50 SCA 1y 85 B 18 5k, 1A [) By Bt ML 3k
TR token” | i LT ARIC “#” JrBR SR [ AEHL , X F1RlI0 AR BT token” KR,
[sy,°+,5,]=BERT(¢,, " ,¢;). (2)
Hrp s, oo s, P RARFFII A “token” FUH . 25 % “ token” FUFERSYE I (s, ,5,) , Hidr s, Al s, 435 2w
TR IR A oA A R AN R s, B s, DL 7 B A5 B p,,,, RIS R W) 5, BERT 1Y 2 )2
HI 28 F R h

hozf(s;—l’se+1 ’pi—H-l) ’ (3)
h,=LayerNorm( GeLU(W h,) ), (4)
h,=LayerNorm( GeLU(W,h,) ). (5)

Forp BB pyopas e o pic 78 tokens,” AR B, GeLU 103 R, (T ) B3R b, RT3
DA i, W, FoRHE 1 2 M RZA R, W, 7R 55 2 JR A 22 0 2% A R R I, AU R 2l 45
2R RRRSUA B JBE 28 A R BRI BE .



P UM R A2 2R (TR R ) 5 24 55 4 191(2024 4F)

2.3 A ERFEHNIDFIGREDR

WS B AU — A T2 SRR 2 — A i) S i S — A ). AR ST token” 73288 25 PN 5244
AT HR ANZE TR B AR SCRE R SCFoR b, ik 3 22 BN GR 0 K48 0, JF R softmax () #0775 bR
BORARAF I w0, 10 SRR — D I R P

P, =softmax (forward (k,) ). (6)
Kbl 511 22 R 4K BRS04 o, SISl B P,
P! = softmax (forward (h, ) ). ()
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L= [yInPi+(1-y)In(1-P') ], (8)
i=1
N ) ) . )
L=- [y'InP+(1-y)In(1-P)) ], (9)
i=1
L,=L,+L;. (10)
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6], 0 FRiCAJE TARAT SR A ER 4 ) AR BIFR T (A0 PER 28 A4, ORG R 4144, LOC Fnh s
). AR IR EARE TR AR, G0, 0 R RF AR R bRt/ K2 . IR R N TAS IE Bk
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WA m' Fom R ¢ IGRARTRL, m' DA m ™ S I GRAE IO AR, 2R IR HAE B IHZE
JIE D' HpR 2] 1B R B A OB 26 M5 B, TR RAE ¢ BT SRR BN RS B I DM L K il (s EORR 28
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Table 1 Named entity recognition algorithm description

AR EAOR SRV ERES

A SO x= oy, | IAIER R e= ey oo, | SRR REMIREE 2,

Y=y, 0000

(1) NamedEntitlnput(x, ¢, Z,,, ) 5/ * ZCE T B0 G i ABAE AR  G4E = AFE B RAR B DL RIS B, + /
(2)for each text x

(3) Si«—BERT(x) 3/ * ¥ SR YA FAF (A BERT #EAT 9745 3] Si R = /

(4)end for

(5)for each text x

(6) Si«—BERT (x,¢) 3/ * B 3CA R Y EEANRIC AR B BERT SEAT 485 K AR s f 1 A A Rl GJ5 AgR A Six /
(7)end for

(8) hi—Bi-LSTM (w, Si) 5/ * $4310 515 B0 B A5 D A mi A Si v, A= 7 B85S 1) [l 43R hi = /

(9) hi«—Bi-LSTM(e,Si) 5/ * ¥ 2 MM RAT BAF B gmth M A A K hi = /

(10) Feature fusion

(11) Pi«—Softmax (forward (hi) ) 5/ = BRIBUGIE STAMERIE 14 « /

(12) Fi=getFeature(hi, (h,i_l ’h"i+1 ))

(3)YCyy,yp, 000 ,y,) = CRE(FD)

(14)end

4 S
4.1 HEERIFMNIRAE

ATSCHE 3 AR HRAE T S AR . OntoNotes 2! \Resumemj F1 Weibo' > .

OntoNotes : £ 75 170 J5 51 B3R 100 J7 R SCIR) Al 30 J5 Bl Hi A 15 i), 78 56587 16 Gl 36 L 25K T #%
FIBE 11 55 85 2 AU, 5 I 18 Fh S48 .

Resume : 1ZBEHE 1l 28 W) = 8 8T DA i, SRR T 1 027 3 5 i 22, -1 YEDDA F-ahibriE T
K NI E NBE 8 FhSLiA.

Weibo : IZECHE AL IR FUBTIR LI, 055 2013 4 11 H 2 2014 4 12 H 19 1 890 FAtac it AR BREAS. %L
AR TR AR 4 ANE SR AN ZHZ S R X 2R FH 2 Rivbe 1 T B, [ IR o 0 b 28 531 140 42 ik LA B
AT K AT T AR

DL B AR A AE OCAR B AN 3R 2 B, B T AR AR A5 £ K, AR U 1T 80% . 10% . 10% A I 25 I 36
UFSEFEAT 53

F2 ZLRYEERE

Table 2 Source of experimental dataset

LE/TES T P 41k LE3 e NS BHEAR/
OntoNotes 18 https : // catalog.ldc.upenn.edu/LDC2013T19 10 560 1320 1320

Resume 8 https://github.com/jiesutd/ Lattice LSTM 823 102 102

Weibo 4 https://github.com/hltcoe/ golden—horse/ tree/ master/ data 1512 189 189

FIR F2 00 0 5 R MR 2R A 00 A AR5 2 15 IE A X NER PEREZEATIT I3, A SCA S a5 i Hh S 1A Y
SR SRR, W) i1 SRR TR B, S B0 100 AN S A LR R . X TR 2R, R IR
BRI R POARIR R M FIL(H.

P
P= x100 11
rprp 10% (1)
=P 1009 (12)
TTP+FN i
2XPXR
Fl= x100%. (13)
P+R
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R T IR UEAR SCHE Y AR SRR BIAT 55 1A R, 7L SO B R RN PEAN AR E T BEAT T SR,
P4 3T 1 A BRI A BSR4 7 3¢ NER AR5 HABASRIIEF 7% Eb , LIS IEASE Y B 1 R

Star+GAT+MultiTask " 452 1 7 —Fp i1 55 B IG5R HME . 1250 — J7 118 3o [ 1 2 ) 4% 2 in s e o
WA KR TR, Ji— I, FEGE—HELL PN 45 A SEAR Sk R A R 3l BT 55, IR R IRl A5 B2 2] 558
ARETES].

LR-CNN') DI B 28 4 SR 3t o | T8 0% ML i) Bt 174 4 | B8 R] B X6 Bir g 455 J% )
AT BE DT C A4 TRV A T I AT A

Lattice LSTM ") . A58 352 57 7445 ¢ 571 T i A Vs A DG e A9 1) SBLRDYC A A8 & 7 515 8, iR
Sy IR,

TL-NER"™) ;. il & 0B 27 > B TR BE 2 ST AR | MRS A s T SCAS v B UM S8 00 b B 43 1) 1 22 , S R
R RS

SDI-NER'™ 48 H T —FlB i NER AJ7EAAE &5 B 2 ST R I M SR B PR 52 4T 55 1) R 16
ZA~ CWS Fa AR e TS, DLt — 20 ik NER A7,

LSTM-CRF"**' ; NER )25 L RLLR A

CNA-NER'"®' . iZ#E R 25 &5 Joy i vE 3 ) B B 2 M 45 4 Jm) 2 - 561 Bi-GRU , AR BURAI G R AE A 745
Huy T E A

BGRU-CRF"™® , iZ A5 K58 1+ BGRU-CRF @il & b F SR B, D SR DGR B ), 9145 4 1 75 0 AL i
TR IR Im] | AR BE B AR, AMERR AT NER 1155

WNER" . W>NER #8388 i N — N HH AR 1) AR Sk 18] vk A i SRR Ta] A 8B4 G 2R TR AR T — A1 44
A K5 — 1) NER 384 B a6 4B 2D A%

MR IR R SR SO RIBEAT X L, i P R (H  F1 {H LB AR N a6 3.3 4 F13k 5 Fim.

&3 FEHIEE OntoNotes HYXTEE L6

Table 3 Comparative experiment on dataset OntoNotes

\

B P R Fl A P R Fl
Star+GAT+MultiTask 79.95 79.95 79.95 LSTM-CRF 68.14 66.47 67.29
LR-CNN 74.45 74.45 74.45 CNA-NER 75.05 72.29 73.64
Lattice LSTM 75.64 76.91 76.27 BGRU-CRF 77.62 75.34 76.46
TL-NER 76.56 70.27 73.28 W2NER 83.08 83.08 83.08
SDI-NER 76.96 76.94 76.95 ARSI 84.12 83.28 83.70

R4 FEHIEE Resume BIXTLL LR

Table 4 Comparative experiment on dataset Resume

R P R F1 FELRY P R F1
Star+GAT+MultiTask 96.08 93.45 94.75 LSTM-CRF 88.16 87.43 87.79
LR-CNN 95.11 95.11 95.11 CNA-NER 93.25 92.18 92.71
Lattice LSTM 92.78 92.35 92.56 BGRU-CRF 95.76 95.04 95.39
TL-NER 95.75 93.89 94.81 W2NER 96.65 96.65 96.65
SDI-NER 96.04 95.86 95.95 AR SR RY 96.82 96.98 96.90

x5 TFEHIEE Weibo HIRTELRI6

Table 5 Comparative experiment on dataset Weibo

FELH P R F1 HELHY P R F1
Star+GAT+MultiTask 69.50 69.50 69.50 LSTM-CRF 67.79 68.14 67.96
LR-CNN 59.92 59.92 59.92 CNA-NER 68.05 69.97 69.00
Lattice LSTM 67.25 66.84 67.04 BGRU-CRF 71.02 69.36 70.18
TL-NER 69.46 67.83 68.64 W2NER 72.32 72.32 72.32
SDI-NER 73.61 54.08 62.94 AR S A 74.24 73.42 73.83

MF 3 B 5 WM R AR SORRITEVERE B JPEid Star+GAT+MultiTask B8 | [ PR I & s 2 5t
PO, 20 T AR S VR AHXE T LR-CNN, AL R PEFAAE TR T 85 BE s sy 507 ik | 1

ﬁ
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NG R TS B e ST . AR SO EI% SDI-NER B0 8 3 H B | A% e o s O e 8 R oy
Bl R T AR B T X SR R SGE W RAERE ). S LB LSTM-CRF AP REAHXT 4255 , X
F TR PR R AR 785025 RN 5 67 B BN SR RO 9 B 23k | I HLAE Xl 5 P45 {5 B 7 1 A
TEAS A HETTHI S T HERE. A3 T CNA-NER B AR SCRERUAT BT 25 | AN (U B 5008 ML AR RRAE , 18
S5O T RRZE 501 BT BACAL S22 LR ). BGRU-CRF RE &b B S5 B 40 5t ] S0 | A SO R0 A I L7l | gk
— PRI IE i, G T SRS R SUE B S, WONER B IESR T NER P9 E LR,
HIZ T IARZ ARG B NE.

4.3 HBLEIE

AL oA B LA A5 4 T2, R B 3 AT 4 B AR Resume DOHRRR
'f% ’ E%&?E % Resume Fl Weibo | iﬁ:/ﬁﬁ {\léj I%T» 9; glﬁ ;— Table 6 Ablation experiment on dataset Resume
B AERAE A R T B, 3 6 R 3 Thv4s s P K M
S5 3 Overall FR SRR -CH RFWAT L Oenl 0082 o698 2650
S ] . . - i . . -CH 95.56 94.37 94.96
5B, -WZ AR R TC N B 5 R -BQ R R AR W7 87.48 85.91 86.69
ZAE B, -LSM AR TCIE I R 1 0. BAR T8 dla -BQ 92.53 90.94 91.73
% Resume E‘Ji%‘%%ﬂl%@ 6. -LMS 91.64 89.85 90.74

U 45U S Weibo 19 P 1 LR (0 o Ge ok e
F1AEZ R A BARSS R R 3 s, BEAR bR 74t M
FR AR SR BRARAH A 4 B4l A (. . ;;

HRA A 6 PP 3 RO, (o FA I SR =g
2 L HEA BRI SS R ), F 0 (5 X oo
PUINZICHE B, AR AT 2R HR 15 8., To2 001 41 Ak 1 62 H_H
SRR B 7E B 5 4E Resume 1 Weibo I 49 Jl W 2> T 00 verall _CH -WZ _BQ -LMS
6.16% 1 6.15%. {H LYt — Uk 52 TR AR B ik LU
N RE 0 2 TEEE S Resume |-, F1 {H B3 ZEHIRE Weibo KK AL
}%'—%‘T 1.94%. IEJHTJ‘ , 1:/%%1%‘%\&“7\ /\*ﬁﬁ%&ﬁﬂ%?u%\iﬁ , Fig. 3 Ablation experiment on dataset Resume

W TR AR R, BSR4 BT AR T 1 S UHIPERE , D hSC NER STk 1)
LM HE.

5 44

HRSCSCAS Fh T MR P B 3 A bR S0 OO R R AE AN W 2 R IR R . B 27 o) 74 1)
22 B AR BARFAE 1 SR RN A5 T BRI R DR 5 | A TR 0 iR 22, IR, AR SOR 54 5 1AL
B RAHAE S, IHZ 4 5 22 W RHIE.

R DRSS E SRR A4 TR, ARSI R R 5 AT — b 10 8 B A9 300 B 08 i 7
5. IR R SR P A token” BT AR, LA TR 45 SEORROBS 2. OO S 1T 1 — ARl 2R hp 25
FEAEHA R BRI R BE A, itk T IR Bk Z iR R, R 2R PR RERLIZ 52 B AL B i
P A S X S 6 A il S 3 PR 7 AR IE 1R R A R 2 B B B Hh SO R e 1 R R
B ARSI FE AT R TG B 05 VA S IR i AR Rt Al A7 SRR 5 B R AR R G5 SR AT S 2
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