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Abstract

Named entity recognition is an important step in constructing disciplinary knowledge map. In
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recent years, with the development of deep learning, the performance of named entity recogni-
tion in general field, medicine and other fields has been greatly improved. The knowledge of Ja-
va subject is complicated, the entities are mixed in Chinese and English, and there are unique
internal characteristics of the entities. Therefore, the accuracy of entity recognition of the gen-
eral model in this field is not high, and the entity boundary cannot be effectively identified. In
order to improve the accuracy of entity boundary recognition, an improved single-mode struc-
ture is proposed, and word boundary information is incorporated into the embedding layer,
part of speech information and Java domain entity recognition rule information are introduced.
BiLSTM and IDCNN are used in encoding layer to extract context information, and CRF is used in
decoding layer to obtain global optimal sequence extraction. Secondly, the idea of fusing and
complementing multiple heterogeneous single-mode results is proposed to improve the entity
recognition performance and generalization capability of the model. Experimental results show
that, based on the self-constructed Java domain data set, the entity recognition F1 value of the
new single-mode model is improved by about 2 percentage points compared with the main-
stream model. The performance of entity recognition after multi-mode fusion is also signifi-
cantly improved, indicating that the model has better performance in Java domain named entity
recognition task.
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1. 5|

HTHBM, NTHRE, ELMAENRE, BEITWATES TSR L, WENHERL
FEAE TR R MO AR A [ 1] o R4 Java U AR B, BEAE T EA) AIRTC AR R — A SR B AR I 25 A &
8 Java FHOGH AT U 4 Al . g5kl TR AR B 2] i 48 SEAAR RN SR AE E Java Ak
FUREE S, ARTEGER I — 5. R RS AU, OIS H A R 44 S D7 TH ) A 44 SEAR IR )
TrE M REA A BRI E T [3]. IF B JUEE W E UK BRIT . RS U S A 9] J7 Tt HY
13 T BOKIIE 4] EXF T Java 5% 2] S8 A G F AR 2, Java AHOCRIR s TU R A [5], AHGY e
W AW R R E RS, STAREAAE Bk, AR S SN R . DA X 4
S 4 SR U B SR AL T RSP Y B . SR Al R TR0 () i 44 SRR 6], AERRER R L (HR AT
AR . BEE S LSS % I FVEM R R, B E /R ] RAEY[7] (Hidden Markov Model, HMM)F12& 4B HL
3%[8] (Conditional Random Field, CRF). 37 ¥ ] & HL[9] (Support Vector Machines, SVM)#iii # AT SE .
(AL GR AT 7 EER R R TR, BRI 3% ). G JUAE . TR R SIAE 2 USRI T AN TR B
B FAR SAE T T DAUR BE 2 I8 AR I H 2 B0 7 5 1) ) /[ 10]

R JVERR W T VF 28 B AR R P SRR i AH S 1) B, BAFE Java “F RIS S TR 0 754 T 1
FIRZ kAL, HARARIAE

1) WAUSA AT RS, HTSRZ AT ORI, H B EW@EaRE R H %, Bt 3t
ST TR R IS o

2) Java ZERMIUR I ENIR FUE A, oS ORAs, IF HSUR S AR I ARHIE . B0 [ SRR 772
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e DL HBEAT HEA IR 5

3) BUA K2 M 4 LA UM BRR B T iR R RE R, BRI AN RE 78 7 FIATA AR SRAE R, 22k 1A
AF, ARHER X MR A . SECRABIR SR AR, MR I AR

BEXSCL LT, A Se i T Java “ERMIURER SR, Bln R T THSAUBUR S 2] 955 5 2R AN
CiEEhM, HiHAF4, MRS EIL S 46,316 FSCA(S B LAk, ASTEXT Java Stk LA %
R BN TRPEAS AR SR, DASR R AR S B RS R R . JF HAR Y T 2R G
TS R 2 AR AN S A U B HE R A

2. XTE

2013 4, Marrero 5 N[11JMWSLH 7 TH, $2H 1 fm 44 Sl AR . 1997 4, Hochreiter 5 A[12]
FEH R LSTM #52, ffpuh 7B S KA . 2003 45, Hammerton 25 A [13] & 3EHK A #AC 12 2% (Long
Short Term, LSTM)/fili FHI 76 /iy 4 52445tk . 2014 4F, Bahdanau %5 A\ [14] 1 VOB R IHLEIGI N [ ARTE 5 4
B, ARG e T A SRR RE . 2016 4F, Peng [15]7E 4] 1 AEAl E, AR T XA ] i
{27 (Bi-directional Long Short Term Memory, BiLSTM)-CRF 27!, 2017 4, Strubell £ \[16]#2H T %
TA#F (Iterated Dilated Convolutional Neural Network, IDCNN)-CRF #574, fndR 1 R 8 f i)l 255 . 2018
4, Zhang SE A[L7142H 7 AT E /1A Lattice LSTM BEAL, 5] A A0 1A S LL 78 40 FI A 715 8., fifak T
rIR AR R IR ZE R A . 2018 4F, B AEISEH T BERT #i41[18], fEZ MRS T AZ M
453, 2020 4, Yiming Cui 58 A\[19]% R h 30501, $&Hok BERT-www 581, 7EAN R A5k i) i 44 1R
£, 2020 4F, Li % N[20]7EL4isrh, A oRARIC I ESE, (EH BERT X o1& kAT Fitilll 25,
FETIN T 7 SR 5 e R AE DA s B TR R I ME R . 2020 4, Wang 25 A [21]4E 713245k, I VE & L
Hl$E A 5 R, $2HKT Attention-BiLSTM-CRF #%4, 2021 4£, Liu %5 A\[22]7E )7 245k 5 N T
BERT-BILSTM-CRF #5%8Y, M ARS Fy 4l Hh SR LS5 8.

R FRfENL, AR BRI T EE T Java AU Ay 44 SRR I 77 % .

A FER TR

1) AR H EHEIFARE Java LA U8 SCERELE .

2) HRW TERRT Java A U SEAA RN FRASTREAY, BN T IR PR AE S Java AU SRR RN, DA
P TR SR T TR HE TR 2R

3) PEHIXT Z AN AL AL 2 AT Rl A EANRI T, DA A A TN £ S AR A M AR ()92 Ak

AR SCHE RN PEAS SN Java A AT S A TR U] ) SRASEARE Y, DA A bR ) SR A, PR
S R=F AR, wiSE, BiLE. REEIGUERNRIIE, X2 5 A £ SR 3 AT ARl A,
M B A BTN 25 3R . BB 1 B .

3.1. ®BAE

MANE, FEEMEREN ARG B IRHES AT . ARERATE BERT BIEEAE BT 1508, B
FEHs 2 U4y, boundary embeeding, token embeeding, segment embeeding, position embeeding. K%
NG B T e &, 160 FHE B i i n) &, Bl S e S AL A A AT TR, RN A
MR E &, DU RS VRN T B2 m & .
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ASCHEFLIT Java Sk 44 SERIR AT Sy, FEFZMAMEEARIRR, HHLEARRKERK.
B SCSIEOARE, oS0 RARIR L AAE B [23], B AU T 4mid st b 7 Ra iHE S, Rk A S
T IR .

O 3 o o oo o 8
i

Backward W fﬁiﬂi?ﬁrﬂ
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o [T [T [T [ 1] [ 1] [ 126 Attt
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Figure 1. Single mode structure

1. BEEHE

(—) boundary embeeding, SR, F#HERAE P AE R, SHARTUN RIS RS K, FIRlE
WSS R, DA HESR R AL . 10 FHRN AR B, R PSSR E

WYEER, HRPON IR, N, ShiasE. SR — M4, BE 24 Java LA
AU S AN 75 R R VA ., RGN TR B R, R — 5 MU A 4, SR B R 1
FUWT AR R A

il BRI o 106 Java £ A5 SR SR £ e A BRI . Java 45Uk 32 B DL PRl RN G5 :

1) Java THLWRESN: HOCFRF + ZANE . Bilan: “Java EIWLY . “Date 27 . “final

SETZESAR, EAHR S N [Java. FERINL], [Date. 2£], [final. ZF&E].

2) Java BB LR AN LA Bl CRAEERT . BB RS o CHE
SORBE” SEIR, WA BRGNS, [N, AR, (AL B EE]. SR
(A FH 2 e 3 B T A ) SR A S IR B I 25 26

EEXF B, BONRVEAS S, I EE K& G Java S0 RA SRR BN, AT DUSE B (9 g vk S
PRI G, TR o S TR PR HE R

(—) token embeeding, FHIBKAELE, ZELIEMERIK . — DA THIJFLHE CLS, S5%H] SEP %

o MR Z R ST N 101E B
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(=) segment embeeding, T RN, RIETIGB RN, 2R T XA TFHRE. FHAFZ
PINE)F, A EARLEB XA 78 T-A)F AL 21T B. # R N—0)F, B EA.

(PU) position embeeding, fEIRN, N T X4FEA)THRMERE . AHFEFZHIAE A A
P&, FrilA eSS BAAEZE R . BT RS E M Fhrid — MR R &, T X5.

MARQ) R, B PUA AR IR 4t J2 i

E E + Eseg + Ebound + Epos (1)

word — token

Exgen FORFHNIVE, B AAITHNIIEL, By ARLBHNIL TS B, E o B BB
EWord %%égﬁmﬁiﬁﬂj E‘]ﬁ%o
ik 4 A AT L P SRRSO RECERE WHTRIITB R, A Q)

E -0 W\v\xH +0 W\s\xH 10 W\B\xH 10 W\P\xH

word token " “token seg " 'seg bound ¥ "bound pos " ' pos (2)

O\oen 7 FRAEAI A Y 24 BT 7 A5 42 5 i o 6 B R AR IE IS RO o Oy RARIEHIN T4 T & ) 7 T AR
GG ZRIR, Opyng ARG VE(E SAFAE S, FIWT IR0 S5 B D O, AMRIRHIN T 7125
MITHAEGRE, BIERMASERIR. HBIRANGERZ, V| 2F5I10 4 B it i,
KRALEH

RTINS LT BERT LAY B b, AR4E Java S SEAARBCA RE A, IO T LS RS B,
FIN TR RS AT SR SRS &, o

3.2. w2

AZ T H 0 TG B B AR SCAR R BN SCR R, FTAALH BILSTM Al IDCNN.

BILSTM [24]: BT /741t &, RNN SEHE B AELERA FEVE R A IR . LSTM L8 iy T AR 1 1T 4544
REIRIF RS B RSB R, M PexX — ) . BILSTM HIFT /A LSTM A5 A LSTM 4L/, w4
TP ERER . IR Z T 5SS EAN BILSTM BfN, ibfEA 7 41 i — ANl
LSTM Fl—ANJg ) LSTM, SR, BRI SRR A E RS, R mA s TP i, W
AR(3~5)Fis:

P| 2%

b =LSTM(f ;%) ®)
h =LSTM(R . x) 4
hi = ﬁl @ﬁi ®)

h, Al by R i AL E AIRTI LSTM FIJS [ LSTM i RoR, x Rl — I ZIRBUEMARS . @ BrnEs
fEE. HEEXA LSTM Jafd b 345 Bt &7 51, P8 softmax T H BN 2] B 1 bRy E e

A LSTM g5 2 Frw

NT GRS IA T, ASCERRYI R R T dropout, HUBARURE—EMEER, BENLIEEUHE Z 1)
— R AT BB, N ORNZRIT, SRR 53 AE BRI AR 22 G . Dropout FRMELX Il 2Rt SR s2 0K .

IDCNN [16]: fEFT BiLSTM J5MBL, FHRIHHE KT HISCAR LT XAEE - IDCNN J& X A5 R 28 0 2%
(CNN) it , 7ERAE B BRI, R HE AR N SCRHE. IDCNN 135 mf 2 ] 8] 52 4%
FEAR, AT DA e B (38 47 2008, BMEAE AT B DL, BB N [ f) 7, BRI ) 52 2% B L % O(N),
AT DAGF R A TR0 B ]
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Figure 2. Bidirectional LSTM structure
2. W& LSTM £544)

3.3. BBE

RIEF B INREZ M LR KR, DRSPS TIAEm2R, HHT 4 R s R . AL 3 B
=R Java FEAEZE(BAS). Java §FEIR(EXT). SEBIZR(SPE). SCAKHII&Z BIO briE ik, 5.
CUEMETE” BIARERLN[B-BAS, I-BAS, I-BAS], (HB R Tiill45 54 A[B-BAS, I-EXT, I1-BAS], B R2AFF&
WL, KRS ZEIER, FERNTBIE RIRAREZ [RIZ R R n) 8. AR s 2446 FH 12 CRF.

CRF #RUA B it & — AN HEH LTS P SRR AR, fE 2 TS h R I (B[25]. CRF HEAE H T %
M, TAREAFHAE . BN X, BILSTM FAR TR y ={y,, vy, v, (0 AT
KB,y BN TR TSR WA 3(6):

=P

X(yy2o¥n) O X(n) PX(YZWI) Px(yn|)/n4) Q)

NI REL g(y,. Y, ) (REARS AL B R, AR N — LA B2 n LB A6
. h 42 CRF JZM BiLSTM Ab15 2 i Pl & AN 7 IR S MR R S B o THERFT 20 5B A (7))

f()’lv)’Zv‘“»Yn|x) = h(yllx) Oy Tt h o) T T Oy T h(yn\X) @)
z(x) AR, HRATEE g M X TR, FFoIsRan 2 K(8):
1 n-1
P(¥1:Y2r'wynlx) = mexp(h(hlx) +zi:1 |:g(yiin+1) + h(Yi+1|><)j|) )

BILSTM-CRF #i%, il BiLSTM JZ2% 2] E N X{E R, i CRF 2% SIhRZE T hn 28 0] AR 1,
FhMEG R, HEAS T RIERE, &EEBIRIERERER.

34. BiEmME

M AR R R, e A0 ST A HE R PE B2 BR o A SCHR I T A Rl 5T [0 2 A St ply gt
M2 REAT AL ELAN B, DASR i i R 45 R A TR PR Az AL g

S 95YT

1) BEXIAROIE SR, A A R L

2) WEBMARMANY, WERELIEMRE S PARAER, PO o OB RARRS T HAb A
RIBCRRKZERS, MR Sl o ARGEAR R R VP15 20 R e B AR IR K

3) X B A FBEAT IS, o N A R T RR A
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Figure 3. Overall flow chart
& 3. BiRIZE

4. KW
41. BIRE

ARSI A B S 2 1 SRR I, SCARBUSRIECA PR 43: Java SEREADIRI AN K F 38 S B M L
Java ¥ JE MR/ R F CiEF P S0k 2, AdE Java BitH5E%L, Spring. SpringBoot. Maven 5751 . iX 4%
PR R AT R JF B U g A B, TR LT R . B AR A UL 46316
FISCAAE R, K90 h 80% N ZREERN 20% I RAE, FHXF I ZREESEHEAT FLHT 28 SUIRAIE /1. 4% 18 BIO Fi
BT BARE, B ARERSHARRITFG, | ARERIRM R KidFt, O ARERIHAD, BPAESEArE . ARYE Java
IR REEM, IRFE GRS AT 325, ASCHANTS =35 Java ZEAZ(BAS). Java §JEJX(EXT).
SAFIZE(SPE), =RSARAN— D AESARBRAE LT 7 M52, H B-BAS, I-BAS, B-EXT, I-EXT, B-SPE, I-SPE,
O. R EME 1 fis:

Table 1. Label settings
1 MERE

e PREEVLH SKARZE A

FFE Java BBl ATIRA R BT K ATIR AL, A FE s deras  mEEImAE A
Java ZEAHIS(BAS)  Java ZEAfiEVE. Java FAHEA). FE AL, Java 42)5[3;3%%{)\3%@%& ﬁ;iigﬁ%[;
I % Java S A HEARSE )T TH e SRR SRR e AT

Java R ATRIA RPN AR A BEERS R 4200 5 . xml @b AR Mt

&, AWHEL I Java HEZESE, fuff MyBatis.  FEA. p &FK. OB . H9Rk. TH

Spring. SpringMVC. SpringBoot. Nodejs. Redis [FVIEISmFE. LA, FMA K. F
i a1

Java ¥R (EXT)

L3S O RAE:  https://www.runoob.com/.
*C & F #F3CMdik:  hitp://c.biancheng.net/sitemap/ .
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Continued
. - B ==, 1=, >, <<, &= (BT BARMIRIER
iy H S ANZYRR:N ;_\"
S5 2R (SPE) %DW»E,H\T/\%EE’Jgﬁg%% 2 gggﬂuﬁmgﬁ Boolean. Byte. Short. Float. Character
- ° (BT B 2E2)
4.2. SEISIfEE
TEAF AT B W3R 2:
Table 2. Hardware environment configuration
=2 BWHMERE
ZFR RS
BIERS Win11
CPU R7-5800H
WA 16G
GPU RTX3050
AP R L B R 3:
Table 3. Software environment configuration
3 BHINERE
B RS
python 3.7
Tensorflow-gpu 1.15
cuda 11.2
cudnn 8.1
43. BHRE
R SHL B WK 4.
Table 4. Model parameters
4. RESH
it SH LR S
WG 1% 5e-5
TR A GIRNA RIS} s 256
batch-size 128
Reue J2 4 150
fleAk 26 % Adam
Billstm Dropout 3 0.5
batch-size 128
Epoch 120
2719 THE LR 58
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Continued
RPN 3
TR 150
IDCNN Dropout % 0.5
batch-size 128
Epoch 120

4.4, TEERRHE

AR =R R 2261, 2 BN UHERE P (Precison). 7 [1# R (Recall)fl F1, B AEnA X (9~11):

P= Te
T +F

x100%

Tp

R= x100%

P+n

Fl= 2PR x100%
P+R

+

©)

(10)

(11)

Horp, T, 2R RBIEMISHARECR, F 2o FEHR S EcR, R RS ARIEFIRG K se ik tcs. P
PREEAEFTA AR TP HER UM ORI B 70 B, ROy B dER . R AGRIETA ROREA T, R mi)
FISEARR) S EE, BBRR A 2. HP. RNERAI S RET ERIEL, BN T FLE, Ho2gs

& P AR WE IR Fa bR, R MEIRRIZE & 0.
45, SCIGLERMAHT
3k A AR AR A LAt T JRAR AL FRAT EL, SR 4 AN SR 5.

Table 5. Single mode comparison experiment
5. BIEITEESLI

Model Type Precison Recall F1

BAS 73.63 71.74 72.67
BiLSTM + CRF

" EXT 70.44 69.85 70.14

(12 1)
SPE 74.31 72.92 73.60
BAS 74.28 72.67 73.47

IDCNN + CRF

(K 2) EXT 71.45 72.24 71.84
SPE 73.16 73.52 73.40
BAS 78.95 78.31 78.63

BERT + BiLSTM + CRF

(i 3) EXT 76.61 77.29 76.95
SPE 82.30 83.54 82.92
BAS 79.28 80.62 79.94

BERT + IDCNN + CRF

- EXT 77.36 76.57 76.96

(15 4)
SPE 81.75 84.11 82.91
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Continued
BAS 81.61 80.32 81.96
AREA + BILSTM + CRF
EXT 79.46 78.27 78.86
(1% 5)
SPE 83.48 84.52 83.99

FAN ) 2R 0 (1 FLABL A 4 FR

90

BRIl RRAl2 fRAI3 R4 EANS
[0 BAS E=EXT EZHSPE ——F1¥H

Figure 4. Comparison results of single-mode F1
B 4. BiRFL XEEER

LSS T LUE R, A 1 AR 2 (A RANKEAE, IR ZRER A Bert i, BORS R EE
PTt. M GnfD MR %S K E, BILSTM A1 IDCNN XA R . 0 FmlNid 545 B Ay,
PR LEEUA B R 3 A1 4 19 FLAESRTH 7AW E 70/l SRS 45 RA RURIE AT LARY .

MSEATR NIRRT S5 44 T e R R v, FLIEL DR AT REAE TAREL S5 Ah PRSI A, Sl 42 45
e, B BORAN R . Java 37 SEASS TN M AER F A, HLIE AT REAE T Java 9 AU
WRILA, I HAR AR S 405 40K, BRECLEAT HER TN . L 55 2R AR 2R
BIERFARTHE K.

EZNEE AL N EZ T SEp P S N7

Table 6. Multi-mode comparison experiment

6. BRI

Model Type Precison Recall F1
BAS 76.22 73.47 74.82
(*ﬁﬁf%%ﬁ‘sﬂ 2) EXT 72.64 72.52 72.58
SPE 75.72 75.43 75.57
BAS 79.85 77.15 78.48
(1‘%5:%%%‘;@ 2) EXT 78.24 78.66 78.45
SPE 83.97 85.13 84.55
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Continued

BAS 81.43 82.97 82.19

E2 e
(B 1+ BB 24 KU 5) EXT 79.81 80.21 80.01
SPE 84.62 83.93 84.27
BAS 83.13 85.26 84.18

2R
(HIZL 3+ KUK 4+ KU 5) EXT 81.02 82.64 81.82
SPE 87.24 85.49 86.36
BAS 82.72 84.33 83.56

E2 e
(BT 1+ BRI 3+ BT 4+ (7 5) EXT 80.53 81.21 80.86
SPE 85.26 84.34 84.80

ZHAFEZNN FL AW E 5 Bs:

86
84
82
80
78
76
74

72
70 N\ \ N\ A\ i\\

F1{E

HHAI14+2 1HAI3+4 FEAI14245  FERI344+45  AEAI143+4445
M BAS E=EXT [SPE —F1}{H

Figure 5. Comparison results of multi-mode F1

Bl 5 %#E F1xfLtE&ER

T 5 SR AT AR R, AR A A BRI A B 2 SO, B 1 +3+4+51%4
AR R B A O S5 SR AR AR 3 + 4 + 53X 3 MRS 45 AT, TR AT ASTE T RERL 1 T 45 SR LL
B, PR T BB R

NSRBI RKRE, SRS AT AR, 5 A AT HE7E T A%k 20 BN B R R
RARYF, B RARARN, AR R R AR . (HE A 2 R ARSI SRR R B
HER AT TR T, PABAET R, A2 5 R 45 SR 4 B B30T I 1 T«

5. &hip

T Java AU B D FEIKBRAE, AT T RHRICEL, A TARET 4 A2 hrER. A
BT Java AT S AR BB R A, AR T BN AR RS SRR G U BT, DA Java AT S kil SR
B IHER =6, I B S AT W T e 5 R 4 2k

H R B AR B R, A0 2 SR AR AT IS, DA BB AL 32 AL A SRR
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TIVERATE . AR S288 45 R bl LU Y Java AU SEAR R B HE R ARG 1R TR ASIA], RSRBATAT LA
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