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Figure 1 Flowchart of proposed method
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Table 3 Data preprocessing example of DulE

J oy KAl

o b 301 H A

{“text”; “(ZBNATY & H BT 4

[ “text” : “ (BT ) & T BE SCEA T P Hh 3T R0 28 24 4 Z30G 7K Bk KURI A ) — T
v ST 2 2 R S R BRORBIAE B — 38 R 5 K LI/h N RE T 2014 -04-28 TR A7, “id”

. “train_4", “relation_

IRITZLI/N, /NULE F 2014-04-28 1E list” ; [ { “subject” ; “ZRAT", “object”: “HAHE H XM ", “subj_char_span”

ﬁjl_x Xl_f” , «
« EE%Q M l‘lllj ” , « object_type”;

spo_list”: [ {*“ predicate” ;

¢Am£[£yy’

[1, 4], “obj_char_span” .

[12, 17], “predicate” ; “FEZH M ", “subj_tok_

span”: [1, 4], “obj_tok_span”: [ 12, 17]}, “subj_tok_span”: [ 1, 4], “obj_tok

subject_type” : #/NUL”, “object”: _span”: , f1, “entity_list” . “text”: “EMATT, “type”: A/
“sub;i - YN b [21, 251} ] 1 [ % X1 W %5 /]
CONBE SO T, subject T <3 M BT, “char_span”: [1, 4], “tok_span”: [1, 411, | “text”: YT ILR",

(I

“type” : “MIui”, “char_span”: [21, 257, “tok_span”: [21, 25]} ]}

3.3 HEENTEIER

SEE DL E R R KGR P X FLAEAE AN bR
HE T IEAR AR A P g, X R R AR L (12) ~
K(14)

TruePositive
R=———/x100%; (12)
ActualPositive
TruePositive
=—————— X 100%; (13)
PredictPositive
2PR
Fl = x 100% (14)
P +R

1 : TruePositive i HERR R 51 1) 1T 4H 80 ; Actual-
Positive 7 B0 5 H SE PR A7 16 A FooT 4 BB ; Predict-
Positive IR H A9 7oA B2,

4 XREERSH

4.1 EWSHIEE

HT ¥4 % DulE #F 47 55 50, I B B s & 1%
8 = 2 LRl 43 S U R4 5 e 4 o it A9 Ro-
BERTa-large #1607 24 J2 W 4% | &2 3k 11 & S AL
HEE T KB R 16, ROR)Z4EEE N 1 024, 2%
M FHy 2e=5 AL IR /Ny 32, ISR £ AR B
30, B A AL 8 e F% AdamEMA | #& N BE R 280
BN 3.55e-8,
4.2 MEEXWHERSHF
4.2.1 RF) %5 55 o M58 o A

I BERT'"”' .RoBERTa'*’ /ALBERT"'" Fl ELEC-
TRA 4 R il Gr i 5 B B4 Ay 23 1) 2% B A0 156 45 A58
RUPERRHEAT T LB, 6 B8 P i e AR 1% 100 1] 2 55 7 4
R RERL ) G i g . SEER AR ANER 4 R

SR 25 R R, 45 )2 8 RoBERTa B, RoBPtr
MR M e e PR B 4E, F1 {60 83.36% ., ALBERT,
ELECTRA F1 RoBERTa ¥ 5 7E BERT & fili [ #4718
A B35 26 WA | #5035 ) BERT 1 Sy 2 B8 A o Sk X 1

x4 AEBINGESERIE XK
Table 4 Experimental results of the different pre-trained

language models

HEHY P/% R/ % F1/% t/h
BERT 81.15 83.71 82. 42 1.5
ALBERT 84.32 79.33 81.79 1.2
ELECTRA 81.52 83.70 82. 65 1.8
RoBERTa 81. 04 85.82 83.36 2.2

TE e RN R R,

4 BRI PEREFR I, ALBERT J8 it i b &
BB m IR AR B RE LB 2 R [, F1(E 3L
BERT [ {8 T 0.63 7 70 £, ELECTRA il i 5] A
RTD (replaced token detection ) 1% 1% BERT A
# MLM ( masked language model ) HL| , D\ T 38 58 1
BRI o] B 1y KR BE 1, F1{H AR LL BERT #2747
0.23 T 43w, RoBERTa W@ o B J1I 5 7 2 f) & 41
B At A BN DL R B K A i AR S IR S B
A SR M R TR AL X 1 SCAF B R BRAR AT AE | ik
3 FofR AL v I B b A ] T 2 A B A R
RoBPur f5HL{i% A2 f £ RE XS L 230 an Pl 8 51 9
FF7s o

18

16 ——BERT
——RoBERTa

14 ALBERT

12 ELECTRA

Loss

0 5 10 15 20 25 30
VE3 274
B8 BAMNEEAFERARRIESEEAREE
TERR &R EREXTLE

Figure 8 Performance comparison of joint extraction

model using different LM as encoders in loss curve



552 #

PR, 4 . HE T RoBERTa G £ I 45 1 p 3C S04 5 ¢ R I G 4l O 12 47

85

80/

75

I1/%

70

——BERT
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Figure 9 Performance comparison of joint extraction
model using different LM as encoders in
F1 score curve

4.2.2 RFEER M AR 69 2R AT

H T VAL RoBPr A AU 7E 524K ¢ & A il MU
% FRTERE R B, Bkt 5 A 4 MR ( TP Linker™ |
TPLinker_plus'®’ \PRGC'"®' 'TDEER'"' 1 CasRel'”")
R HEAT LA X L SRR A5 R AN 5 R, SRR
SR NN, 5T A B 2B A [, RoBPwr B AU 7E
DulE B 4E R IB AT, HORS 0 5 H 08 2 Fl
B3 %10 81. 04% 85. 82% il 83.36% , X} 1L 1%L
HERLRL | CasRel B9 F1 A5 2 82. 64% , {H H ¥ B
Bo B AR 2R R R 45 ) 32 3 B AL R 1Y
W, TDEER BEAIG| A SUAEA Lo b Rk R (H
AT5 A RE 5 4= TH B B B 18] (9 47 15, 7% 58 i 25 R0 18 4% 7k
(TR 2 U = 1 <V 0 W [ N o1
80.38% .82.29% 1 81.32% , RoBPtr # Y3 i Ik &
ARG A5 i DA S A 1% A R 2 R O 25 55 [ R,
EZBLAL T CasRel F1 TDEER #81 #HE T LT N
Ab 35T % An) AR = o0 20 H S [R] R 12 11 %) TP Linker
(BERT) . TPLinker _plus, PRGC & TDEER #% #1
RoBPtr JE Lt EL 58 4 Sy W PERE MR T B3k 4 4>
FELERER  RoBPur B A F1{H 20 B4R TF T 3.24 H 4>
R149 T4y 5 .03.25 A A 2.04 EH Ay, H
10 JE7R T & BERTE AN 2Rt B b F1 ARk 3,

£5 FEBBEXLLKER

Table 5 Experimental results of different models

FE AL P/ % R/%  F1/% t/h
TPLinker( BiLSTM)  83.38 72.04 77.30 0.8
TPLinker( BERT) 78.05 82.30 80.12 1.4

TPLinker_plus 80.80  82.97  81.87 1.5
PRGC 76.37 82.41 80. 11 1.5
TDEER 80. 38 82.29  81.32 1.9
CasRel 81.57 83.73 82. 64 2.3
RoBPtr( 4 3() 81.04 85.82 83.36 2.2

80 | ARty

7 =
70
60

50

F1/%

40 ——CasRel
TPLinker(BiLSTM)
30 —— TPLinker(BERT)
& —=— TPLinker plus
PRGC
20 TDEER |
—— RoBPtr(4 %)

0 5 10 20 25 30

ekt
B 10 AEZERH F1EHLZE

Figure 10 F1 values curve of different models
4.2.3 ARRVE & T T AR MR & 5 A

Ry VPAG R AL A Ak B A ) TR PR R X R
N F S = oo W A AT S DL A R A
ANRIEZ A F R = o4l i RE J1 . w4 T
e R S A A, AR
L6 i, LA LY LB A A E =
JCH(N=1,2,3,4 Fl N=5) (i A, RoBPtr #5 %I
(IPERE BB oL T B A X b 3 o MY FLE 2 A
80.41% .86. 70% .85. 63% .86. 43 Il 87. 12% , 4t %t
AN E L ER I (N=1~5) , RoBPur 5 5l J
BT HAR MM 24 N=1 B}, 5 TPLinker ( BiLSTM )
AH LG, RoBPr 1 F1 {H4 5 0. 31 H 43 s X T N=2
FIN=3 (15, RoBPtr A1 X T CasRel, F1 {H 73 31
W T 0.78 A M 1.06 @43 mixt T N=4
1% , RoBPur 114 e 35 B & ifh T R B F £ 19 PRGC
RS fH N=5 Bf, 5 PRGC B AEIA L, RoBPtr 1Y
F1AEAEF T 0.35 A 40 mi, A, 528045 L LV,
TESCHAFAE 24 = JC AL, RoBPur 55 7Y M B 2 21 i
e, 9B E = ool A EOW 3 2 bk Bk AE k
MBS 11, HE 11 A%, RoBPu 45 1 it A 4%
WG AT IFEE R TSR S X RIKG
FHUE 55 0 T BRZe i A
4.2.4 AR EEEKX THEAERG LR M

Ry PPk AR A W) E S R By P RE, RS
AN [A] B A5 Y ) o i T SE R A3 B AR AR AR A [ A
KN ERERI, LRERWMET in, AFRES
BT = oc A F1LAE 12 fros, £ 7 SEE
SEIL R W] #E SEO Al EPO #3CF | RoBPur A5 Y )
RESAP0 T 2 B A OKG o 3 43 i ol 84. 79% il
83. 13% , 13 1 K43 5y 84. 02% 1 83.89% , F1 & 4y
K 84.44% F1 83.51% , MK 12 ] LLE i, RoBPtr
Y A b A 5 B & = n AL i a) R, FLO(E AR L RT
AR B AVEAT 10 25 B R IE W] RoBPtr 58 AU 7 SR
KRBEHUE 55 b, B8 5 280 b AR 1) O 1F 1 b 21
WEEENEM =T,
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Table 6 Extraction performance of different models for sentences containing different number of triple P . %

Model N=1 N=2 N=3 N=4 N=5
P R F1 P R F1 P R F1 P R F1 P R F1

CasRel 80.82 77.83 79.30 86.29 85.55 85.92 85.10 84.04 84.57 84.76 82.83 83.78 85.36 82.60 83.95
TPLinker( BILSTM ) 86.36 74.68 80.10 86.36 73.15 79.21 83.64 55.75 66.91 74.99 20.51 32.28 84.37 59.29 69. 64
TPLinker( BERT) 82.00 77.03 79.44 86.44 81.36 83.83 85.31 71.12 77.62 80.27 23.81 36.73 76.97 72.27 74.54
TPLinker_plus 82.89 76.87 79.77 85.41 84.29 85.34 83.71 82.79 83.25 80.30 78.52 79.40 79.94 84.19 82.01
PRGC 78.04 78.64 78.34 85.01 80.50 82.69 85.81 81.12 83.40 88.51 87.64 88.07 86.17 87.38 86.77
TDEER 80.60 78.94 79.76 83.99 81.82 82.89 83.58 80.57 82.04 82.58 81.78 82.18 85.06 84.11 84.58
RoBPur( A<30) 80.52 80.31 80.41 85.51 87.92 86.70 85.03 86.23 85.63 85.20 87.68 86.43 89.88 84.52 87.12

1

1

F1/%

10

00

80

60

40

20

CasRel == TPLinker(BiLSTM) == TPLinker(BERT) TPLinker plus
PRGC

TDEER == RoBPtr(4< )

3

N
B11 8&4FR=THHENATFH F1EXTL

Figure 11 Comparison of F1 values for sentences containing different number of triple
x7 AEEEBEXAM=TAHAMNERE
Table 7 Performance of triple extraction with different overlap patterns A %
Normal SEO EPO
]
P R F1 P R F1 P R F1
CasRel 79.29 76.59 77.92 83. 46 83.12 83.29 81.67 81.21 81.45
TPLinker( BiLSTM ) 87.02 74.11 80. 12 85.71 75.15 80. 08 81.43 54.87 65.56
TPLinker( BERT) 81.50 74. 11 79.22 82.17 82.20 82.19 76.00 77. 47 76.73
TPLinker_plus 82.40 75.52 78. 81 87.85 33.31 48.30 82. 68 24.93 38.30
PRGC 76.40 76. 08 76. 24 84.37 82.21 83.28 81.20 75.75 78. 38
TDEER 78.27 75.93 77.08 83. 86 80. 63 82.21 64. 83 78.33 70. 94
RoBPur (A< 3() 80. 40 78.70 79. 54 84.79 84. 02 84. 44 83.13 83.89 83.51

TE : Normal K78 T G ; SEO FIR HSLA T & s EPO RIR SLRXT H G

70

60

F1/%

50

40

——CasRel

TPLinker(BiLSTM)

so%ﬁi

—+TPLinker(BERT)
-=-TPLinker plus
PRGC

TDEER |
—e—RoBPtr(A )

Normal

SEO

EPO

12 AEEERXT=ZTHHNE F1E

Figure 12 F1 values for triple extraction in different

overlap patterns
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AR SCER X SCSEAR 5 06 R I A RO 55 T AR AE
) = JCZH 8 S R, 48 T —FP 2 T RoBERTa F145 £
D28 () SCSEAR S O RIS RO YA, H e, R
I 2518 5 B8 RoBERTa 7E Nk AJZ , LA 3K EUFE 43
g R 3G ORI A B FE AR H O ]
Fe T Z E T8 5 W 4 1 SR TR RS e S AR R AT
55 BN token-pair YU 0] 8 38 528 YU SEAK (9 IF 1R
FINEE H AT R fff A s P A T RB A SR R e Al R
TR B 28 R0 22 3 1 B D LAY G R b O B 4
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SRR Z A R BN B R B, FE DulE $HE 4R
I, 5 A FL B AU B, RoBPw 55 #Y 1) PR BE 45 £
HOWS # R A [l R FL 2 555 3 81.04%
85.82% F 83.36% ., WA, A SCIE £ Xf #H & A =
(SEO EPO) FI AN [i] & 2% £ () /) 7 e JF 52 5, S50
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Joint Extraction Method of Chinese Entities and Relations Based on RoBERTa and

Pointer Network

CHEN Yan'?, WEI Zijun®, LIAO Yuxiang’, TAN Zhixiang’, HU Xiaochun™*, SONG Ling’

(1. Guangxi Key Laboratory of Digital Infrastructure, Guangxi Zhuang Autonomous Region Information Center, Nanning 530201, Chi-
na; 2. School of Computer and Electronic Information, Guangxi University, Nanning 530004, China; 3. Guangxi Key Laboratory of
Finance and Economics Big Data, Guangxi University of Finance and Economics, Nanning 530003, China; 4. School of Big Data and

Artificial Intelligence, Guangxi University of Finance and Economics, Nanning 530003, China)

Abstract. To effectively solve the problem of triple overlap in the joint extraction of entities and relations in un-
structured text. A Chinese entity and relation joint extraction method was proposed based on RoBERTa and pointer
network. Firstly, for the entity overlap problem, an entity recognition module was based on the pointer network,
and the entity recognition task was constructed as a token-pair recognition problem, which extracted designed all
possible entities by recognizing the start and end positions of the entities. Secondly, for the triplet overlap problem,
a relation extraction module was designed based on the multi-head attention mechanism and Ptr-Net to construct the
triple (s, r, o) extraction task as a quintuple (s,, s, r, 0,, 0,) identification problem. Finally, extensive experi-
ments on the Chinese information extraction dataset DulE showed that the comprehensive performance of the pro-
posed model was better than all baseline models, with the precision, recall and F1 values of 81. 04% , 85. 82% and
83.36% respectively.

Keywords: entity and relation joint extraction; RoBERTa; pointer network; natural language processing;

deep learning



