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Abstract

Abstract

Research on Joint Entity Relation Extraction Based on Deep

Learning with Pointer Annotation

The goal of entity relation extraction task is to predict entities and their
relationships from unstructured text, and then convert it into structured data, which is
one of the core technologies for building knowledge bases. Facing the overlapping
relationship problem in complex contexts, the current mainstream research mainly
adopts a two-step joint relation extraction method. Although these methods have
achieved a certain degree of success, they still face the issues of exposure error and
insufficient head-tail entity interaction, which affect the performance of relation
extraction. In response to these challenges, this paper propose corresponding methods
and achieves significant results. The main contributions include:

Firstly, this paper propose a pointer-labeling joint relation extraction model based
on global features. The model employs a pointer-labeling framework, which effectively
tackles overlapping relationship issues in complex contexts. Simultaneously, by
encoding sentences with BERT, and combining multi-head attention mechanism and
multi-kernel convolutional neural networks to extract multi-granular global features for
guiding the prediction of head entities, it helps to improve the accuracy of head entity
recognition and reduce exposure errors.

Secondly, building upon the aforementioned relation extraction model, this paper
designs an adaptive relation-entity information fusion module and proposes a joint
relation extraction model that integrates both relation and entity information. The
adaptive relation-entity information fusion module consists of a relation attention
module and two gated fusion modules. The relation attention module is responsible for
establishing the interaction between entities and relations, obtaining the importance of
different relationships for each word, while the two gated fusion modules combine
relation embeddings and head entity information with each word embedding, guiding
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the prediction of relations and tail entities, and strengthening the interaction between
the head and tail entity tasks.

Lastly, in order to verify the effectiveness of the proposed methods, this paper
conducts baseline model comparison experiments, ablation experiments, and evaluation
experiments for overlapping issues on the classic NYT and WebNLG datasets. The
experimental results show that the final model proposed in this paper achieves an F1
score of 91.6% on the NYT dataset and 92.6% on the WebNLG dataset. demonstrating
These results demonstrate that the model proposed in this paper has a significant

advantage in addressing relationship overlapping issues.

Keywords:

Exposure Error, Joint Relation Extraction, Overlapping Relation triplets, Fused

Relation Expression Features
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B P R KAB A R AR P Eibtl, BUb A & O O InBCT BEAE 9 Rkt
B 2Babtl, @R EH TR RMBUESS, KA 44 2o/ A) 70 =4
G157 I 7 1D B S N TITET <17 e S v I L 17 = = S ST s i L A

EERENEME: B, Bad 2 s AT RS I e At AT
Pz, RJRRIABIIEEE T, IR SRR

2.3 R IHLH

(a) AR o 2% (D) IR P A 2%

B 2. 3 HFAHMLL I E B ML IR FF

FEH ARG AP, W8 G BV R Bl B R SR SR 21 42 R IR
ik 2.3 iR, oG BUERLE R e SRR R B ) e 1 ) — e Ry Bl i o B,
BRI FE T N-gram IX) R FigwhY, 8 1E 77 T B FE (0 5 AU SR ) 1 1k
2B, SIEHEORHE R R AR, T AR A A G o
SRR, R S PR B R

ARV _ETFE, £ 2017 4, Google HIBAER HVER IHLH, @I vER )
LR B 5, AFHREEE 2N BRI RER, BAHE
R EREE, BE DI RER.

W 2.4 Fos, RIS BAR T AR Sy — AN A B — ZH AR E X 1Y
W, 4 NETHI Query , R4 Key F1Value 75 % Attention Value , Hi+-5 24 2N:

LX
Attention (Query, Source) = ZSimiIarity( Query, Keyi)* Value, ----- (2.6)

i=1

Hrr, Source &7~ —4l < Key,Value > JG & W HEE X, Value 3 7x Key X B AL
#H, Query RonEn AWM E, L RIREEX < Key,Value > &,

11



%2% MEABAANZA

- Key, Key, Key, Key,
| | ‘ ‘ Attention
Query l 1 l l B
Value, Value, Value,  Value,
Source

B 2.4 FEHANHEEE
TEREAVHIE IR A =AB: BB, BlE S —HEE A
PEVFE BB B, GAPAHAREREAT IH—f b3 B =B EL, Bk, anfE 2.5
Fr7s o
BB, A AR AR T R AT B R AT R R
Similarity s %iit5 2 30 T

Similarity ( Query, Key, )= Query -Key, =----=-ssszreszueas 2.7)
o Query - Key.
Similarit uery, Key, )= L e 2.8
y( Query. Key.) = o eryi [Keyi] @9
Similarity( Query, Key,)=MLP( Query, Key,) =-=---=--==---- (2.9)

Hrf, Query R A FI L, Key, o EXT I — Mg, AXQDHEHME

R 7 R Query 1 Key, AR, 2~ 7(2.8)K H 115 Query Al Key, &2 5% 1H

(77 SORARLEE, A 30(2.9)K #4245 1) 77 20k Query 1 Key, FIARBLE .
FBrB AU REAT IS A B AT

Similarity;

a = softmax (Similarity, ) =~ =-eemeeemeeeeeeee- {2.10)

LX

Z eSimilarityi

=1

Horh,  Softmax J9K54s HLIH— 1L EI[0, 11X W) O BB L oot i 5
BB IBORAT. TR ARXWT:

12
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LX
Attention( Query, Source ) = z a,- Valug, --=--=mmemmemmeee 2.11)

FEEJIVLEIE Query 1 Source 737>k B A F A5, FIAN7EAL 2850 B Y
H, Query —KE HIES, Source —MERBERIES . BIERNIVHIZER
HLE R IR S L, Query FIT Source #K H [F]—H)F, 1HEARWT:

.
SelfAttention(Q,K,V) = so1‘tmax[QK JV ................. 2.12)

Jde
HH, QN Query, KAV & Source IUHE(EXT, \[d, F4HHE T
23k HEE SRR AR AW, « W« W, 7514 R 2 18] R 3 & {8
head , #)5H4iX4thead HEATHHE, TTH AT
head, =SelfAttention(Q; K;,V;)=SelfAttention (SW, SWi SW,, ) ----(2.13)

MultiHead=Concat (head, ,head,, --head, )W ----eseseemen- 2.14)
Key, — — 5, — — a, — — Value,
K€y3 — — S3 —_— — 613 — — Valu€3
Sim (Q, K) SoftMax() Z aValue,
Key, — — 5 — — a, — — Value,
Query Attention
Value

B 2.5 FEANEIRTHE RS
2.4 Tl ZhiE S BERT

2018 4, Google HIBA#Z 1 BERT" (Bidirectional Encoder Representations
from Transformers) #& %! . BERT &5t an &l 2.6 s, A [E T H

Transformer ) f# 75 2844 ) GPT #2784, BERT #%Y i Transformer 4w % 2544 1%,
13
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K BE TR A8 5 AR AT IZR, A5 248 & R SCUR 2R SUE 2 1A )

BRI

Wit B, B, B, e B, ; ~
I I [ iR
Transformer _ ;" T
Encoder e ! o
| it
Transtormer
Encoder 4{ KA AL ]
w A |E E, E, Ey .
: : : ; | #3axm i |
ml o s W, W, W, c W, \
+ + + + + - /
il s S, S, S, Sy ‘
+ + + + -+ Transformer
P & A= E, E, E, E. Encoder

2. 6 BERT HY45H4

BERT i N B & =345 Bl i A7 8 m & DSl 5 fE
i, BERT i&5| AN T[CLS]. [SEPIH /MR TR [CLS]E & ML S N SCA I
3, FRBBOUARKIMELS B [SEPTH R UEA[E 6] 11 4 b A 8 AR A1)
Y4k

fR4E BERT MIAFEMEIE, Devlin% AHEH T BERT HIP/MA: BERT
base #1 BERT large. ', BERT base A 32 H 12 JZ ) Transformer & i &5 HE
B, BRI RYERE A 768, A Transformer Zmid 2% P81 2 Sk B /1466 124
3k; BERT large ATl 24 2 Transformer Jnfidasif S, Fauikia E4EE N
1024, HA> Transformer £ 5% a8 W AH 2 SKiER 13EE 16 ke ACKHH
BERT Kt A N #5: /M) BERT base 1544

25 RE/NG

A EEANG T ARSI T LR REAR . s EIERM
W ERES I ANVE R, B R X 2050 SCAS [ & A TSR, TR R UL 22 Sk
IV B S5 Ry RS SRRARR, BONZRTE SR8 BERT HIZER RAEHT. uAs

SCHIRE BRI T VE B E [ 2Rl
14
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BIE E T & RFFEREEIRER S < R

TE YRR SR G R E B ERS R RIBUTES 1, AR GRAMHE M R
A AN —EU 1), B IR 2 ). BT IX — ), A B R T A
REE B FR BT AR TE B A o< R EUEE Y (Joint Relation Extraction Model based on
Pointer Annotation with Global Features, JREPA GF) . T4t, A& E40/ 284
WUE S5 [ B & R &R = eI IRl JUE S Ak, /41 JREPA_GF Y [¥ 52 3L
FNBEAAHELE, BeJa, XF JREPA GF BEAY [ 5N/ 34T VELH 34

3.1 A X

FEATCH, SepR O R AN H b B 3 B SO A AT AR (ks
(NS T D NIDIES =i i

B R R IMBUESS N g — %0 & LA AR g e 7
X ={X, XX o Fobt, x AREA) T8 AN B, @A H A R
HAF X P AR KR = CAESY ={Q.Q,....Qu} - H,
Q=(s.r.0), 1<i<N, NA=JCAHm%E, QMAEXATHEINM=JtH. A
fhdth: s+ o Flr AAHIRERE | AR AR ZTuAl P Bk Sk RBIA R LR, Skl
HRBSRIET AT X SRS E={e.e,...6), K TREIRKEE, %7
BT E LR REMEE R={R,R,,...R,}, MEBREETHIRMAIL
Ho TR, 1= 02 8 AT REAEAE LS I SRR OE R

AN R RMPUESS @I SRR SR B R Stk gt iR . & e R
EF bR SRR AR ) T Sk S SRS, AR bR I Sk SR E AR E
RKET, HBUHRESARMICR . ASCR IR R ML € OV TR

15
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kxm

=TT p(s X )T Tp(sls. X)[Tp(as, 5, X) e (33)

k
i=1 i=1

ASCHY BB A KA B PO, e, p(s|X) o AE
HiA SR kR, p(nls, X) RAREAES KR W,
p(0i[s,, 1, X ) Fmsith s, 16 R K AFAER A4 o, (AR

AKX AN BTG EE 2RI U, T = n A Sk Sk ek R
LT RSP AR . X, =oAL R R, B
SR A SRS 5 S AL SRR AE 2 R R, T RN % R il
HUHERE .

KA (g —ILEH I AN
(SN
(Normal) Suzhou is located in China. (“Suzhou”,"country”,“China™)
[ — |
country
ST v capital ‘ (“Xiao Ming"," birthplace”,"Beijing”)
(SEOj = | Xiao Ming was born in Beijing, the capital of China. (“China ","capital”,"Beijing")
4
birthplace
SRR B ﬂ (“Miss Wang",“mother”,"Xiao Ming")
e Miss Wang is Xiao Ming's mother and teacher. (“Miss Wang",“teacher”,"Xiao Ming")
(EPO) £ £
mother

3.1 KKREELBIRA

W 3.1 iR, A SCER A S R AN R B S DR R L, R R SRR 4y
RNEFKH . (1) IEHEIE (Normal) ;  (2) HsZ{AH &2 (Single Entity
Overlap, SEOQ) ; (3) Szfkxt#ESE (Entity pair Overlap, EPO) . EARIMNE,
Normal 2845 5)F 52651 o AR I = Jo H SEAR B B 11K ;. SEO ¥R )75 h &2
DI AR E T 2 AR = L. B, {E SEO KA Frh, s
BIESEAk “Beijing” J& TWANAR KRR =G4 ( “Xiao Ming”, birthplace,
“Beijing”)f1(“China” , capital, “Beijing” ); EPO 2&486] 7S5 rp ) S A st 25
IR DC RIS BL, B, 76 EPO ZKRMA) 7, fFLESLAN “Miss
Wang”fl “Xiao Ming”J& TR AR FIR R, 7 5l)E T (“Miss Wang” , mother,
“Xiao Ming” )AI( “Miss Wang” , teacher, “Xiao Ming” YW ANAIA K =704 .
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3.2 JREPA_GF 5%

AR T 2 AR PR EHARE R & R R VB (JREPA_GF #7Y),
BEATVEAN 4. fRH JREPA_GF BIRURIZNHLRE: ATk & % R AU AL 7e A 2
HE KRR =IJUYN, EE A E AR Z DG . RICE I ZRAHE I A6 1
B NASED, INZRIN R S A KRIR T SRS, BN A% A KRIR AR
At R AR

Nl 3.2 fizn, JREPA_GF REAL ) Z8H B IR 1 4] 7ok R A . 1A%
REE R AT JZE . ERRFEAL B R . Sk SRR R R &R-R
KRR . JREPA_GF A QI 2 AbfE T AR TRILER, a7 A
R AT BERT M2 RERNERRFIE, F& 17 RBRIERIE RS, 252
SEARSH I HERG R, T4 /NI 2R [a) S5 HE BRI R 2 () () 22 00, R IOIRE .
IR, ASCRATEEARERESE, fE— RMERH I 24 = JuF R B SC R 1)

' (=raxzst)

S

el T e R

i . i PR

BEN ( : )

L RIR i
A LSRR ;
! E A i
s

L HRIE e

R

i H)F —< BERT Encoder ) |
Tl i £ i
= N

FESEIEETIN

3.2 JREPA _FG #&BIHyLEH
17
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WKl 3.2 s, JREPA_GF A8 () 5] 12wt )7 K | BERT SKIREUCCAA(S B
BN A A RN RS, RS B SCOMIREE SUE B . A RRHEAL B %)
BERT 3 3| ({ 5] 715 A5 BT AL, JFRBIZ K. 22 RI4RiE URHE(E
B RN B, R SRR 1T U FRIK . SRR R SR Sk SRR AR
W 4 R RRAE AL FRZAS 2 0 BB F & eI SR I A RAHE, TR A7 BT
FIREAETE M Sk S . R R-R SRR R O R - SEAR AR 3, B ARic i
STk, R H BT T REAETE S A SR I R LR Bk R IR R &R Horr, X
BRI R E R R TR SRR E S, 5 kSRR E 2 A
HAF] (4544 o

3.2.1 A F4mLE

TGRSR ) F AR R BERT X H AR SCAREAT Sl . BERT {E NI 2515
S, tHZEAHFE LS Transformer FI4mAg a4 R, @I R A 28 T8 1) 1]
2577 N A ) B R OCGHE UE R, IR ECER & bR SORZE U B ] ) &
Fon. EHRHER BRI A2, EREAE B AR 5 R FRI N UHE S5
CAN P FURREATSS  SUAR I3 AT 55 DL A A0 R R AW 5555 ) AR 7 i) 4%
Bl BRI, AR N T 52 08 R AU 55 . AEAR ST SR I BERT #
RUE 12 JZ1 Transformer 265 25 2H i o

B BERT FJHIANFI X ={X, %, X5, Xy} X eRM , N FRTFHNKE,
X, e AN B A ) B R R S AR LA BAS B IR AR RIS, s E 0
2R PR

He, H={h,h,h,...,h,} F& BERT [ffith, HeR™™, N Fx BERT it
BT RAIIKRE,  d RAREEAS X 0 R AlA R SO SUE B RN R R by
HDE i

18
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3.2.2 #F BERT &R #EE

GG R AR TIOR3 H R SCAR SRR AR . A A4 SRR AE . ]
PEARVERFAE AN AL BRF L 5 R PR AL REAT R AL AN 78, (HAEAE 2N ) 1 2 SRy AL 14
HENE. UEAh, ARG AT R SCRFIEGE S IR BT 30, I8 HE R ) CNN B¢
RNN SEMIZE 2%, (HIXE IR E N RIRE. CNNEE — GBI H
REIRI R 3 75 B R a2 B, R B HES 2 N BT R 25,
ARG S, AR, AfeBiEd e d, L EaPEE B8k RNN
O PR R I, R RESRBUBOE BB B R TARE, BRI a5 B AR
NFERUA B, ASCHEH— PR T BERT A& R RHIE. JLARFRRAE W& 3.3 By

o

\

Xiao

Ming

lives
in

Beijing

v

9

Sy TIAG
v

the
capital
of

China

Gu

TR L] EAE A REEADLS é)ﬁﬁ#?ﬁlﬂ%/-

e e — i — e —— — e —— — — e ——

[ 3.3 £EFHELERIE
JLF BERT & RRAIEAL B, W1l 3.3 fos. &5E, SREUA 74525
B, BARE LN OE UERRATIHARRH o 2k, RHAZLEEEN
HLIR T 58 74E 2 ) 7 2 () R — 1] 5 FL R A SR, s A ek
e AR 22 (8] RSN, 9940 0 SRR AR A 0 ) - Ros IR . RS, SR G AR
P2 55k b At 1) R EEAT R R AR AR SR I S g . EATE R, VIR R
B AFRRFFRHLE B RoR, ASCRAZ A AFKR DS T GIRIZH .
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B E R R BUH AR B 7R 5 BERT 38| (4] TR R H 20 AT 43
e, HEATHRHERME, RAMRIIAHET BERT K& RRHER&E. TS
SIWVHIEFRAERT, BRUCEAESS, AedlaRt R4 RAH G HE I Rk

FHANBLREERT R, — N =ADR: FhR 2 RkER I
BT, HUOR 2 BB AW T, 55 R T B B 5

(1) 3% HERYLETE

ARG B R 2R, ZRRIREEE, 2 RERE NI ERY
CNN HRH 2 A BRI SRBOUARE B2 J0RAER Bl BERE N5
) AR TR R FL A BT 1] 1) S SORE SR, s A AR S it F) 3] 22 TA) Y 52
5] I 3o T S P A ) TR . AR, R R ML A B T AR
IORHEE R . AT, 2 3kid B B e 2 A 45 W AR [R] 10 8 R R TR AL AL,
BERETE 2 AN T B 7 2 (R R SR B AT SR AR R Z R A AR FRFAE -

Z SRR AN b ALBENLYTEA TG A AR A AR FEW,, « (B REREW, L&
BIEFEW, B£S, SHAFSIH ={h,h,h,.. h ), HeRV M, B3 n4lH
HEGT =TT, T T=(QU KUV, LUk Sk i N\ 37 i i R 508 F
FRTERRE. TRREIANZEWGERKERDHEQ . BAEK'
FUEREV' . SARFERERTE R head , 7E551 4> head HHETH &
VAR R SIS IR

Q" = HW{ =mmsmmsemmssm s (3.6)
e (3.7)
V= HW] mmmeeeemmmmeeee e (3.8)

head, = SelfAttention(Q', K',V")
= SelfAttention(HW;, HW,, HW,)

= Softmax(Qi\(/';,:)T jvi .................... (3.9)
HWoH "W, "

Ja

= Softmax( YHW,

20
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Hep, H={h,h,h,.. "}, HeRVFREZLEBIWHMNTI ; Wo. Wy
W, € R™™ 43 Bl R 55 i A head T 2% 1] Hh (¥ 25 10 40 FF o B 60 o D S ML ARG
head, e R""; Q'(K')" F/RE i /> head £ iff 1 & Q' SHEE & K' X1 S FL
TEREAT AU T, R3NP 25 N RIARALE : Softmax BEUN H— 1k B
B, MU 0 R LKA, HAUEMATY 1 \Jd, AT QU (KT AL R
AT, B 1k mORR S SR K Softmax B EUH— AL TEH .

WAL h A TR R BT BiE R ), B3 3FTA head, , ¥ A 1 head, i
THHE, MAUSHOEMEW, TR, B32 B HEAFERIEE RN
FTREFRS , HAt B AW T Fros:

S = Concat(head, ,head, ..., head, )W, -------------mz---- {3.10)

H &, head, eR™" , Concat(head, head,,...,head, )e R*" | W eR*™" ,
S={5,5,5..,5 SR, 5 R,
(2) ZHERZITH
FELI 2 S R NS 3 2 R IR A) FAER R S ={8,,S,,8;,...,8y } J&»
i BRI N 2% 0 S BEATBABRAE, I IEH S th— S Tn o &, (ERA R AR
FEEEER L, 530S MARA B RERE. ST ERIHERN, REAZA
B CREAT ML T DL B AT (AR . BRI 2R A S R

C, =Relu(WeS;,, ; +0), 1T SN —W+1 -eremmmmmeeennnees (3.11)
B 0 (x<0
Relu(x) _{x, (x>0) (3.12)

Hh, S={s,s,,8,....5,}» ABBHARKLHA, SeR™, seR", S,
TR S B s PHEREE, W eRY FREGHERIERNEBIZ, wEREBEP LIS
H RN BRIEHEBEZW 55508, (1=12,,n-wW+1) AKKM SR
B, XTI AT RRKERES, H 0 R, A5, @i JEL Bk
Relu, W& RUSH 5 1 RFAE (AU Bl 18], DA 3] B 5 AFIE(S 2,

ARAT PO B R PR R T R R RIS BE T o
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BEAh, N T SRR Z R M) TR B, AR S AR B R E
. WEBERESN: W={ww,w), BREMANIEINK, k. k. It
1, k=3 k=4 k=5, BAFEARLT

8 = RelU(Ws, 4 by ) rormrmrermreneeeeees {3.13)
C; =RelU(W,S;, 1\ ;+b,) wmrmemeememememnmenas {3.14)
dj = Re|U(W3Sj: jrkg—1 +b3) """""""""""""" {3.15)

B ER=AERAFFHS Bz, 2R3 2 =D AFEE RS S AL A
BFH: A={a,a,,a,....a,}+ C={C,,C,,Cs...,Cy} FID={d,,d, d;,....dy} -
(3) FHEMERPHETH
B, RS B OCE UE BT RN R H s R R WU B e T
FlE, R EA LA REBREIRAE R . HE AR T
H'=Relu(W,H +b,) ---r-nmmmmmmmeemmmceenenas (3.16)

A, XPAIAL CAND 73 Al AT A tE AR i, 3L 2R R B R R
RELR P AINAC EAE S, MR R ZRER 2 REL. HREARXLT:

A'=Relu(W,A+b,) -----mmmemeemmmmmmmoeneenaeoe 3.17)
C'=Relu(W,C+b,) ----mrremmmmmmmmmreemmceoeee {3.18)
D'=Relu(W,D+b,) ----sesemmmeeemmmmenenneee {3.19)

He, H erR™, A,C,DeRV%,

G, BEEH 5E8 A . C'H D BT, W) T N 1 i i
ONAE 20 By = I WL RIS [F) 5 B 15 B (AN [RURLEE 1 4 R RS AE, 49 3 1L AT
ZRE . ZRERNERFERENEFHRANMEE G, BN kS4T30 .
THER AR T

G = Concat(A,B',C\H') =-r-mremmrmremmemrannanaes {3.20)

Wb, G6={0,0,05..,0y}, GeR™, NFROTHFIKE, d ®RF
AN RN K
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3.2.3 LSRR HIE

SRSARIR 2 1 £ E H br 2 R 4 R R AR AL R A5 B 42 R A SRR G
A5 BT AR ISk SR . 25 8 B 1 R REAE AL B 2 AR AL KR
SEAR, B, A BRI R B SR “Xiao Ming”, ASCRMEE T84 R
TE R T S SR SEARBEAT i . BRI S, R Sk SR AR 06 157 B R b ] el s Ao
JR O R AL, SR 2 R G0 SRR (0 Sk SEARARTE A% 0 A bR Sk SeAR T
UERNES AR B o Sk SRR I REAR 28R, nlEl 3.4 B

MG surtEnd ko
wl@®NB MO
wg | | @ @] | @ @ T
lives :@; ;i: E@ @: E :
RO gi wl  © O '
Beijing a :@: %R :;' % E@ @.E |

= el T e B = |
B ®E @ E © @F |
v IE @O E OO |
capital .@: :,: .@ @' E |
T B | ® OO |
woUe U oo o

[ 3. 4 LR FNEEEH
K 3.4 s, ¥ HERA)F: “Xiao Ming lives in Beijing, the capital of China.”
WAL R A R AR R R BRI E G o #5E, kSRR SRR
ERAEG, bR LSRRI EIREM S AWAREA . B, Sk britds
¥“Xiao”, “Beijing”, “China” #iENIFIHAIE, ¥ “Ming”, “Beijing”, “China”
PRE NS R B o A% T AR UL BC S5 0 R AT Sk sl , - B Sk SARAR I 284
TSR SR EE — N AR AL B Start SEE S — NS WAL E End (8] BT A 18] 14 5028 —
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