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Abstract: Named entity recognition is the basic task of natural language processing ( NLP ) and information extraction
(IE). Traditional expert named entity recognition methods have problems,such as excessive reliance on artificial feature
labeling and word segmentation effects, and the inability to recognize a large number of professional new words in the
expert profile. This paper proposes a method based on multi-features bidirectional gated neural network structure
combined with conditional random field model for the domain expert entity extraction. Firstly, train the entity extraction
model by constructing a domain expert corpus. Secondly, use the Bert method to represent the word embedding, and
perform feature analysis on the vocabulary structure elements of the professional field of the corpus and extract the
boundary features. Thirdly,use the bidirectional gated neural network and attention mechanism to effectively obtain the
long-distance dependence of specific words. Finally,combine the conditional random field model to achieve named entity
recognition. The experimental comparison and analysis of five methods on the same data set show that the F1 value of the
model is improved by more than 9.98% compared with BiLSTM-CRF and IDCNN-CRF.

Key words:named entity recognition,natural language processing,information extraction, multi-feature ,boundary feature

{f% B  information extraction, 1E ) A BHF5E Iy IR T 11 4RI 2540 BRSO AR, MRS 1o
2 SR AR Y X 285 SCA K s 4z B8 A I E RS B L AT 44 SRR D'J( named-entity recognition, NER) PASE/S
5 A PRAME B SEREAT 55 , ST iR Ui 44 PEHE PRI, Sk & R IR ML B3R A B 3l SO S5 4T 55
fhci e,
Y75 B #A : 2020-08-08.
EE£WH . BRARRIZAEL I H (71874067 ,61602202) | E K & M4 & 1155 H (2018YFB1004904) VL7544 7= 2= W& 13 H ( BY2020067

BY2020309) T34 R BHE [ FA1H 7 450 B (CX203074) R T 2= Be o8 A= RHEAIHNRIT B (HGYK202024) .
EIES 28, 10 B2 WF 5 ) AL 2] R T2 88 AR SE. E-mail ; hyitlixiang@ hotmail.com

— 128 —




SRS, 45« HE T 2R U w5l 28 P 245 ) 40 e 8 S M Iy

B FAT DR —Fh LA 48 SUARTE AFAE AR S A AL R0 | J2 % R at 2 s S NS BRI L & )
(Y BARAAR S il i KB R AR N L R A5 BT B SR IS E RIS oA BUR AL Al 2
HEREHERY L R A5 B IR SS, 7T IR S R A A SR Al AR 2. SR, B 5306 e R i) 387 %
AR Y L T SCAS 5 A 07 06 3 A P T AR 2 R R ) Bk 1 S A B AF 5 B A AT B
K Z T oK. I AARSEF b SCA i BUHG A 20 1) SRR A ., A sl 5 R S5 44 1015 B DA SRR 500dE 2
AR SR A T — 2B AT e ST BRI ST Y, Zhang 4617 3R GH A4 44 FIH IHLA 443X
SRR, X T AR K RIIE B S B B £ 51, T 5 A AE B (R ERFR B9 S
FFR IR IR e BTG-S A ) A BRI R 2 SRR R D T A R AT Y B A 42 ) e IR R A K
A, PRI ST AU 44 (TR I 98 SR AR 55, — T, AR 5 SR AR KRR B I 54Tk HRUE B G, 55 — T T4
SRR R 25 SR AR BUHE S T PRAR. TR,y B X 5 2 SOAS BEAT A 38 B [ RTE A B S Al SR
TRIERA Z 3 T 9 20 6.

AR SR e AU G SRR AR S IR BT A 43 5 SR TR 38 35 1 22 R A O] | o 428 ) 4% ) A
TR K i 4% SEARTRUIM IR S A5 Bt A i, LM T % 1 W45 SCARAE 52 56 %0405 |, £ Ff HMM  IDCNN-
CRF BiLSTM-CRF S Z2FRAE A ] [ 142 i 228 X 2 4l B 2 1E A 74 T8 S S At B, AR 4l 52 30 45 SR 43 A A S
P& BT P 35 B oA ok TAEE.

1 MDA

SOy 2R 93 AR G S AR ROy 2 B T LR A 2T BT VR R T Rl 2 N 4 i RO s AR
G0 SRR T R 0 55 T ) BRI U] (7% 388 3 SRS ARk e ) e ) L A S A I T A 23R R [ o
ES T AR AT T i SR AR A R A T AT Ll N A ST TR A B R S Akt
AN 2 BR T30 S P RS R B 30 TG 32 TR R JBORT 1) S A4, 56 T AL 2% T n il B Rk AE T |
A LATRIGET 4 52 R, B 72 BIWF S F TR )12 678, Morwal ™ 51 A T JRBE I A5 35 ) Bet I JR ] e 455 Y
(hidden Markov model , HMM ) 535 AE 5 18 A T 5 b () 250, (H H ) R - b S PR AR s, 78 S BRSO
R T B R SCHFAF A . McCallum %517 42 H A9 5 K Bt S5 4578 ( maximum entropy Markov model ,
MEMM ) {1 J53 38 e OC (LA Bl T e B AL () Aot e T BRI B WL A TR Lafferty 45110 F 2001 4F4i
#2514 Bt HL3% ( conditional random field , CRF) | 45 & 1 fie R AR Y 1[5 B /R AT JSARE 7Y () 4 o, 38 o s 7B 2
> AT N R A T SRR I 55 3 T L MRS b 00K A S

U REIE R R TR 2] T i 2 SRR RO s Ak 1o g RELI . A 8 IO 28 i 5 1 S e ke
BN A F2= S BB IR KRR /b TRMIE TR TAER. 2018 4F Google & i 3L F W1 Transformer
Y A FRLI i 5 A% 7 ( Bi-directional encoder representation from transformers , Bert ) U b B Ay 45 SR
WU P SR AT 55 T B T AR AL, Collobert 251 Fe LB HY T CNN X 87l B 134T 455K 1 B4R B
FEAE ARSI, Strubell 251 HE T Tterated Dilated CNN+CRF A58 3/ 17 i 44 S AR 51, B 1T AR 42K
. Huang 54 H AP SOP bR R FH B BILSTM-CRF, 7843 R FH R SCRAE, 76 SE A BUT:
%5 BIAS TAR G U, TR IE 2 S BAUTEA T U S A ] e ik T A0 B B, R SEPRiF o b BE T p
2 2% 1) SR IRAT: 55 22 LA SCIR R Ry 32, 78 SCSCAR B g FH RCR 255 AR

ARSCER X P SCR AR B ARE R, DLU AR TR SR R AR EA T 204, 348 HH B T 22 AR IE XL ] 4 ol
25 W 24 ) T e R SRR i, 650G, 3250 R0 4 SCAS 00 L Bk SO Ak, 2 A ghbrids i sl el &
AR TR A X TRHZE Ll AU Ml 44 TRIAG I S 3R AT 0 AT AT Bert 18 S BALIEAT R A RN 28
J5 R AL PR (4 S SO [ i AR Im] [ 458 P 22 I 2% R P 12 3 0 DL AR 08RO S 1) 1 I g R OC
F R 858 SRR B AR LA R 52 B i 44 SR RO, 1T 22 46 T LU R Serb A SR 3 B
A FRY IR ASRAT L NER PERE , DT AF DR TARAE B IRUAS i R Ml 1] G TR 31 46 ] .

2 [ajiEhk
2.1 UEEREMEENX

U SR SR IO AT A5 A B B B A, BRI 52 00 248 SCA rp iU S BRCELAT S B 78 S
— 129 —



PSR4 (AR 55 44 B 1 11(2021 4F)

PSR, NITTRR B K5 B LXK A5 B i i SR IE GRS PAEvE o 1 T % % K B S S w9 5 1l , A
R IBOT ) U8 % ZE SR REAR B 4 3 A R AR 2 205 .. Rt AR SC LR T U 10 & S I 45 U Sy
TR S AR | BT 22 RE AR RO ] |42 1 22 I 45 A 2 ) Sl BB 7.

Zhang 55" POB IRV 20548 17 D7 KicHie , 454 87 D5 43 A48 5K (country ) \ L4 (educational institu-
tion) T 7EHH (location) | A 44 ( personal name) 2 21 ( organization ) 17\ ( profession ) , B % ¥ 5t ( ethnicity
background ) XA (job title ) 8 FSEAA s F I 14246 B LT A A I ) 5 v B 6050 AH OC 1Y 249 A ), DAL A=
B NER 8558 175470 U85 1) AH G A SEAR AT W5 Be. AR o0 & SR I 48 SUA 2 IRAL T4 R 1
FEELLTR R (1) HSCA Tl SUOR 18 S A4 B SCZ2 74 | LRGN [R]HE S AN W HE 3905 1), 76 il BBt 7% v 3] 37
SITCHE R (2) W TAHARTEA AR T P 8 K Soh 9 SR A YRR 0, 40 TAME JURHUL B |
DNW =5 il B i & o N BERF ST 45 5 (3) SR TR 2 i BB G 451, QnT5 L B 1 S B AL R T RE
PRI & A ] £ T2 205

g5 b AR SR UL RS E Uy 3 28 a3k 1 R, SR — 208 A4 TRl PR SR G dE N4 B A4 K
AR 5 58 2 BT SR AR I 2 5 R H - R 7 35 =2 UMk S | B RIS U [ S Ul O k1)
SR

F1 HITHETREMEHER

Table 1 Entity description of experts in chemical industry

SRR SRS N Hem
RS N PR AN, 2 H 2~3 D5, DRRGEERR L JE g Name
PAT| MLt % DR SN A NE ST 1 R R/ ] T2 b ORG
P IR PLEEGR X 436 SRR Bt RS €S PRO
Bt BREFR FHESZH 11 AT (13114115117118119)[0-97 {9} PHO
\w[ —\w. # @ ([ A-Za—2z0-9 ][ —A-Za—z0-9]+\. EMA

Sk T OB @ R B P L
SRt W PIRsc o & 2 BA S AT E N e/ —Befb2 Tl FIE
DRINEE TR DL RANG: A SOR 2 I A S5 R TAME JFURI AL B/ DNW iR S A S RS KEY

2.2 SRAKHELE AR

ABIFFE R B2 B bR NI T R 28 SOAS rp R BUE SR R SRS AL | o i e DR ST e S92 A BB 2
HAEAE R U SR TC I F S R 5o N AR o B R g [ . AR SO 22 RPAE AR BE X 3 SR T 53
B SR OCHERAIE. (5 Bert 1 5 A8 LIF A R BN T SO AU Sei MR 1AL R SGHAYE R
fdt FRL [ 14540 22 P 28 AR IBCI AR B SCAR R 5 DINZR R A B AT L7 5 28 b BERAT i AR P 5000 PO ST, DA T %o SC
ARSI ARRTE. FH 255N cc = | “ content text” offset “ content type” |, Horft ¢ Fe/RHi i N % ; content text
%%E?? %:{iﬁilj\]g;offset %ﬁiﬁi@ﬁﬁﬁéﬁﬁﬁ%ﬁ?iﬂ;content type NU%‘%/%EESLE’J%%SQMK%EAJ

3 BRI I AR

G A S PG B B T B (AN 1 T, B b T S P2 ST A,
S9) GAPERRVE R IS SRR A5 T8

e A e 4 P AR VE A, 460 00 GF i x| | OO || st
S ST O 1 )45 228 I 2 98 B 2 5 1 eSS i) R
JE A HL A B B DL B | SR T — T - o
LR BRI AR 45 5, OBk T RS0tk i R I o
SLCIRIE __ }
3.1 iERER Mttt ERFE
3.1.1  HIEFHEBRIEA !

S8 2o R A R O — o i e, A SR
AL 2 HE M1, T3 240 T TIE 00 3 7 405 SR 1o 1 e RN R

Eﬁ ‘I@ Xd. ﬂ:‘ ﬂ@ EX E/‘J @1 igﬁ ﬁ—% %:{ WJ é% i Z'K @ iiﬂcf % )Z Fig. 1 Process of domain expert introduction entity extraction
— 130 —



SRS, 45« HE T 2R U w5l 28 P 245 ) 40 e 8 S M Iy

PR BRI DN , 447 FEE ek e T S i 2 5080 T SR 88 A Kl 728 A 5 EORURG o | DT PR R i 22 08k 70 B
SERLMMERYE S BT VR RS L (1) O A SO B 1 — SOk, MR R R P 3 B B o = TR
0, B SOR AR Sy G — B5AR AT AL B 5 (2) AU D08 BRI 44, S HTRL U D JC 25 B JavaScript A% &
Ui S TORTFAT 5 (3) K EE A2 SCAR | FE T i ) 1 skt P B oo i , PR i rry e — 12k
3.1.2 ¥ A AT EM BB E TR E

SR AR ARy SRR R S A AR A BRI SEERE. 7E T S0 A ARIE F AL B R TR SR/ 1 B ST
Sl AL BOAT B AT S o, R EA T b S A AR S Ak B8 2 Sl i SCSCAR R AT E D) 20 i BR Y
TE T A, SR 5 AR L LRl DA A A3 BT Ak 2.

Xof T FPSCHR T R IR T [ A8 7, 7 45U e 8 SCAR i AR SCAE 2 A gl T AG 2 e & 2R R
. B, TERA R IR b g | AL Gk B 24 K SRR g FE At 1R)T0 8 | DAORIE 73 1) 46 SR 0 e e 5
BT PESER A T ) R 2O WA B i A TR DEE AR 10 5 AR 38 5 e ol 4504k OGS 3] | %
WFFE T 1) e O B i) SR FEAT DL BC AR , He b iR B 5 6 45 1 18 TR T S A A s B2 3 25 i), %40
TG SR T N AR, X TARARTE A ] YEDDA T H i 7 AN T A
3.2 HFEHEX

BE UL BRUZ F AR TR F AL PR SE AT 55, AL B BT i P T R RSBy B . SCSOAR AN [R] T E S
SCA TEVE LA ARG HEAT R 43, 308 LA R BAL. 3T 45 SR S IR T 52 W 2 A0S SR il SRR PR BE. AR S
AR T IR SEARZ] 5 LA AR AE R SR E HEA T 4047
3.2.1 FHALFIE

JEE HA AR A Ay A SR i e 3 o P 7 3 S A [ v e A AR BRI (8] ) 1 S
TR SRS 432K E S T AR B I BCR. Mikolov %:18] A Word2Vee Pennington %[19] E/gAnRi0)
GloVe TEIR R A FIBUT TARKRY L. SRTIT, %) 3 rp SO & B0A B 3R] 0 A B R AE 2310 245 R 0 S SR % o
BTG RATRIKAYSEN . L RIS SR BRPSCFEAF AN i A8 bR S A5 B M SC Bk 7EAL
PR A R TP 45 7RSS R R BRI, PRI, AR SCUAFHIR A B 7 R R SOR 9EA T 1) Ak R | RIS D07l
AT I IHI TEH 7 BRI 21— | 15 TR IS4G U T LA
AR RE SR EIF b, AT ¢ AT USRI — i v, € RY,d AR, 2
TR ASIFHEASERE M € R it A 3G X SCA T 15 3K AF 7, LA Bert 5 BRI
T AR A OB A

Bert 151K F Transfomer [ 4 t5 a5 /E h FARBIRIZE ),
HFE T RNN IR 28 2540, 51 AT B A9 3 5 15 BT 55
WA 2 fir7R , 58 4 T 0 B AL SCAS AT . T 1 f i i
. 4 i o . |ACD| ABCD| |ABCD| |ABD|
BT SCAS A 3R] T A R 22 8] A BLOG &R AR
AHEL G 28 S BEAN [ ) Z [ f8) S B 1 e T A . DA IA] 5 ] 22
Vi) B AR R A A 3] 3 () SR A ik B B K 5 Ho At 3R] 22 [R] 1Y)
KRR R R 7R, Transfomer T X6 A (1) SCAS A W i2E | A ':_»‘ B |Z‘ C L—_»I D |
AR IIALE 2 RS P 28 2 1Y 28 B 15 B e 4 SO ) 346
ik Bert BEBIG| A SCAAMIBUE 55 , AU S B SUFEE,
EFEST AT AR AR B AT ISR B A AR R AL,
TEALFARBURY R B K AT E A WaRm, e 1 LA s A i) 74 ] 2.
3.2.2 BRAHFAE

HSCA TR R b — MR g ST 1 1) R, B 55 2% 1) AR &P 1Y) 1) 1 HL A AR iR A 3 Sk A% 5 6 T 1)
SRR ) 7 i T e SO Sk DXy 44 R A R I 2R Oy X H - IR A B A I i Rk
AR AR RE AT Ll a3 AT R SUbR AT 45 i, Al AR 2 7AE | ORI E Me o SCTR 2% 55
SR 1 5 U A SCUAAE TR Tl P 3 SCOCBIA] S bR e, 231 5 A vp 6 1 SC B R ik B Bl A2
B EH I GBI TE SN 3, DA X M2 SRR I A B2 FETE R B AT 10 SR I, SR 4
Rlnk 2 Fs.

MRENREKEREN

—p —>] —»
| BCD [ AlCD |<_ ABD [(* ABC |

B2 WMmiEsHEES

Fig.2 Task of bidirectional language model
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Fig.4 Multi-feature bidirectional gated neural network entity extraction structure
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