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Graph Network with Dependency Constraints for Joint Entity and Relationship Extraction

REN Peng-Cheng, YU Qiang, HOU Zhao-Xiang
(College of Computer Science and Technology, China University of Petroleum, Qingdao 266580, China)

Abstract: Entity relationship extraction is one of the key tasks of information extraction, which involves a multi-task
cascade including entity extraction and relationship extraction. Traditional methods of entity relationship extraction follow
a mode of Pipeline which separates entity extraction from relationship extraction, ignoring theqf internal connection
between the two. As a result, the effect of relationship extraction depends heavily on entity exffaction, and it is prone to
error accumulation. To avoid this problem, we propose an end-to-end joint entity and relationship extraction model, which
relies on the self-attention mechanism to learn word features, consfructs dependency constraints based on dependency
information contained in syntactic dependency graphs, and then integrates constraint information into a graph attention
network for entity and relationship extraction=Experiments on the public data set NYT demonstrate the advance and
significance of our model which has a hiéh recall rate and better extraction performance than previous methods.

Key words: joint entity and relationship extraction; dependency constraint; graph attention network; self-attention
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TR A7, Pipeline AW M. #RA1E RIE, (HRAEF
R RIB R P 25 3 B Y R 2 1 R AR, i 44 SRR Ul A
TR B R TN £ 1 4 30 50 R A BRORE Y, 5200 5% 2R 73 2K
RS HITERE. [RIRAE R F 70 RAE 551, 7 X iy 44 54K
W) FR) 5 R AT ST B T Y X, 2 SR DG FC 1 S
XA B ANAFAE R FR I = A <l e, 5] AR A R 8
THE 2R L BN . BB 4 K iy 44 S A TR A Y
KRB G I N — MR BT 5 — BB, E &
PIAME 55 2 RV AE ORIBK, DA ) 55 20 BB 1R 22 4% SR 2 i,
AP SR, SHES KRR, RAERAWZEIE
SEESIR S, BEE AL I ROt 2

5% 3 Al UL THI I B 28 50 AR A Pk, B S A4 TR) 7 4E
RPN J5 3K, X 2 B 20 2 ARG B, H140“Quebec,
Canada’s second most populous province, afterOntario,
has not decided to go that far.”, £155°3 \/l\ifll—(?%/%zfn
#H (Ontario, country,'Canada)‘\ (Canada, Contains, Ontario)
PL K (Canada, administrative_divisions, Ontario), 2/
(Canada, Ontario) SEAAXE S B HAN G 2R, TG 5t 2= T
I ST HE — Ao o R B A 100 B 0% 2R 0 ) RELAE A T
SRR R4t BT 2K R X 2 G iR e, AL e AR AR
AT IR b A T T s Bk e

AR AE 2 M A NLP A A B SCAR (1) R B R AR
o, FLE bR R W 1 A A R A o E ] ) A
FF R, PEIPP X 246 2 T 5 ey 0 A ) A7 A Y
7E 7% /1M 4% (Graph Attention Network, GAT)!"! f& —fil
AR PR N 25, i T BhAS B AR B, AR TR T A
RFAE 2 8] ) SRR BE A 4 i 15 R AR

NRAALSE Pipline J5 2H ST iy A 1 e A5 R IR

GRSty Zliié%/a\mﬁﬁi‘ﬁﬁ@ﬁ%ﬁIﬁ%’%%ﬁ
TR ARATF LR I R R 1% DCGAT (Graph Attention
Network with Depe‘nd%ncy Constraints) Al U AL
B BV SR A D B ) b %A LR B Y AR R, T
I PR 0 R 28 HEAT AR 22 21, IR R B R
JINUHIBEAT B AR 8 J2 A AE 27 21, SEI sS4 5 9% 2 A Ik
ExiEe

AL EETTHO AT 3 AT

1) 383X A5 P 2% 1A AR A7 3 A sh A ST AR A
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KRG KA B A, TE AR LK.
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DCGAT, i3 % 3k 1 FE R WU 5] B 2 R xR,
S 3ot PRI 7 9 40 G A7 44 9 R AT ) AR
R, BhAR R ST Sk Ok RIS TR, 929l
S 5 5 R AT

3) AR AE 50 4T 5 R 25 ) I AT 55 2, TR\
SHRRHE R, 70402 R AT R A BRI G R,
R T AT Recall, Wi 3 2 56 Z (9001,

AL R NTY HOR S b 17 2 e, 5%
Yook BRI, ARSI 177 T T T B O
R \ .

1 A TAE
11 SHREREEAHHEN

BUAT 1 52 R BB ob | S 1596 R 1
U (AR 5% 45 7 B Miwa Fil Bansal® 32
i BiLSTM-TreeLSTM #7347 SEARFN ¢ 2 [ 3 [ 7
15, BB IT Bi-LSTM %% 31 SRR i 92444710 22
R A B 2 0 R 4 2K 8 3 3 (LR 00 7 il B 6
R TE I Pipeline £33 FR12 B3R 1 92, TStk
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1 A SEE 2 A7 WL 5 B4 LSTM it AT 48 (T 2
51, R JE KA 524K Span FF4T N Softmax #E47 %
BN, AN R L 2 R s, O R AR RN B 77 7
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5, BTG T TR = W 5. BT 24
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TEAMATT IR 78 TAE AR 3R T — i 2 T A7 08 X
(DSNFs) 0 I B o SO SO R EUB AL, fEA %
FESAAROC AL B DR 2R A DL T 8 I R BN 4 1R 1AL
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1.3 BEEEHIE

TR A pL ] R 5N T EMR 4R, Bahdafiau 1]
F T A FH4 24000 Attention 0 HL# S LEHL 23 B 1AT 25
b, FFEI T IR SIHLHIE NLP 48 FH i 5. B J5 Google
ff1“Attention is All You Need”!"" T/E$E I EEE S
ML, FHELAE S8 RNNL CNN 7 H 2R 15 5 A0 FE A 1 M
MRAWARIIRTE, Tang 270 LB LKL 2
P [ TAR AR T E R ML B35 S ERE
e,

ASCARFE B = IHLE 5O RRE 2% ) B 7, fk
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AR DCGAT 8 S RS2 & 1 o,
JFR 4B SCA (original text) 2 AR ] & (word) A7 & 7]
& (pos), H1Z Sk HIER /IHLH| (multi self-attention)
THE AR R 518 SURHIE B R /115 9 (score), i@ Id
A7 HT B (semantic dependency graph) #4) 4K 7 £
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BIVE R 4% (GAT) BE— 2527 21 ) 7 o % ] fTE A
KR, WIS E R R MBS I |
21 SREEBANE

)fﬁ@%%*?% BRI H 205 2] ) (1 HLnE
RRAE T8 SURFAE, JFHER N A2 Sk BVE R PO ATIR
NGfis. B ek ) &2 5 A E W 2 A A I NI GE
NFFE, 18] M) 5K H Glove Tl Zk1A] ) &, 47 & 7] & |
positional encoding 474w, HAK 7 AN KH sine
cosine PR EUIAT AT,

PE (pos 20 = sin (pos/10 000/ moder ) (1)
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A, TR B E, posEs HiAfEA) FrHIALE,
dimodel % 71~ 1r] [F) B 4E . 2 1t A0 6 J2 LS 19 3] Queery
Key. Value M=, 7 5HQ K~ VEIR:
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SR J5 3T Dot-Product Attention ik {7 K 8 it .
Dot-Product Agtention THHEA A
. oK™
Vdy
Horh, d gl ) BEAERE, 29 N ARE AN B K.
D PRUEAZ AL AT DL AN [ 1) 1 3 7 7 18] 2 =) B AN [
R RIS e S = WAL N IE ) i E 2 S o~ W
head; = DotProductAtt(QW2, KWK, VW))  (5)

DotProductAtt (Q,K,V)=Sof tmax( ) V &)

MultiHeadAtt(Q,K,V)
= Concat(head, ,head,,--- ,head,) W
L 2 S T SAT B ) A SRR AT SRR R R
JI1353.
22 KREFEAR
)T BT 53 BT R X 6] 145 B AT OO 2R 1)
I3 BT R AR VLG, AT I ARAE S A B BEAT AT AL
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BT “Root” 7] i 5 7] “Beijing”, “capital”f1“China”
53 A 2 548 In) H A 53 1) 119, R R “capital "l

“China” 5 HAth 7] K& 5¢ &, W+ E2R1<SCO”.
“FEAT”. “mRELA”%%.

Prediction

(China, capital, Beijing)

Beijing is the capital of China .

Beijing#/1 0 0 0 0 0 O
is 0 1 0 0 0 0 O
the | 0O 0 I 0 0 O O
capital 0 1 1 1 1 1 0
of 0O 0 0 0 1 0 0
Chinal 0 0 0 I 1 1 1
o 0 0 0 0 O
Dependency
~ "7 77 Consfraints """
ATT- | Matrix di
score : §
)<
| B=y
/¢ Add/Norm D : 2
@ | @
- | .2
MultiSelf- : 2 :C]
ATT | Dot- | - o
[T |2 | jcg
uct | « s
(V] — -
L EENE
I £ % =
————————————————————— Model - = — = —— | < "é'") 9
POS Pz EL<
| g C )d
| ~
wo | )LL) L) L)L E
T Embedding ——————————————————= Semantic __ __
.. S . . dependency
Original text Beijing is the capital of China. graph
K1 DCGAT &A% i L\
RELA AN A >
R BT AR AAYE
N 2) 20 “Root” AT, H At A1)V AR A7 B Hh i 2 4

Root Beijing is the capital of China .

2 KAEGHTE
ARIEAAFE I BT B R 45 2R, MR M7 20 SRR, T 3
. JE R R RN A, y !
1) HEEAEE R ) F TG R, 1771 HAR & (3R
i), FUZE T A (iR, (B R 1540
ST R LT 9% 2R, B R] ) A MRS 00, X6 TSN 1

%ﬁ‘f@?ﬁﬁ%ﬁlﬁ**ﬁﬁjﬁﬁ A1 RRERER R, oA
IR A0 78, DRI 5 R R T A IR &, LA
AT R AR 0% R, RIARAT 45 B P AN AR AT
Gy it B AT 1) ER 2545 B (W “FEAT™4§). 4l 4n,
“capital” 5 “is” Z [A1 77 A A 5IGE#E, WA FEH (capital,
is) A2 & 17N, M“is” V& A #8 7] “capital " L7 1E,
A NALE (s, capital) ALTRAE <07,

Beijing is the capital of China . Beijing is  the capital of China .
Beijing| 1 o 0 0 0 0 O Beijing| 0 0 0 0 0 0 o0
is 0 1 0 0 0 0 0 is 0 0 0 0 0 0 0
the 0 0 1 0 0 0 0 the 0 0 0 0 0 0 0
capital | 0 1 1 1 1 1 0 capital| 0 1 1 0 1 1 0
of 0 0 0 0 1 0 0 of 0 0 0 0 0 0 0
China| 0 0 0 1 1 1 1 China | 0 0 0 1 1L o0 1
0 0 0 0 0 0 1 0 0 0 0 0 0 0

(a) BB H S (b) A& A Sk
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3) xf T8 B 5 E S RIS O, 5 WA A
B b AR AE A 7] IR 32, 75 K AR AF L0 AR B I,
FWR T — R R B S AR, FE T (word,,
word)) S1 BIRME <1, ZRATHE & B G H, X R A7 E
TRAE <07,
23 EEEHME
P 58 0 O 2% s 2 sl e 22 ) 2% ) AR AR AR, A
Xof N ) 5 K6 2 3] H AR TS R AR R LT SE &R
GAT X4 N BME BT R o5, % B AR 548
B R RE R S0 UL A R BCE, TR T
VL 35 g v S e A5 R e PR S B2 B IR B T 5L/ 35
RIS
ElE R M Tt Sl Ry a2 3 — it 5
R R R 2 Sk B E R T S E 1 A
ABCEIERE W B AT 2 VE B, K Wi JE AT @ 54T
ST A R AE ) B R AT P (AT RROR), i B
TRINEE 2 £ () AT I, 52 i E BRI 5 L4405 A Y
LR Moy 03t 500
eij = f([Whi||wh;]) (7)
W AR 2R $OE I LeakyRe LU (-) 2k 1 R ik 4T 4
T, RO I A R S AR AR R BEAT Mask ()20, 58
e B 2 RO O 2R K2 R, EL T DL A BB
HIZH. 58 Softmax AT IH— 4k, SERIE R IR
BT VER T REL () BITHEOS FE AN 4 P
a;j = Softmax (Mask (LeakyReLU(e,-j))) )

K4 ERORYEE

BB EONER N RBMES. Bt
TEE /I RBEAT IR s A5 2T R AR, AT T
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AT § BB A T HARMRHESS .
hi=o (> eWh)) 9)
AP E A A, EEE NGRS
TR FAER H 2 3k E 7=, B3l (10) 8 K ASE A
PSRV 1 R EUHAT Concat 1 Average T 5, 153
BRAR R, 23 EERNE 1 F<GAT #4
Fos, REBUER K E, planEhRR k=3 23k 5H.

1 K
i =y ‘T(Z“?j) Wichj = U[E;“fjwhhj] (10)

e

\[\eft\| {} \right.\]
24 RIS R

DCGAT FE Y BAR 1) YN i 2R B P 8 70 i 44 58
PRI Kloss, K 253 FAii Keloss,. Wi HB H 73 40 %
CrossEntropy BAEUIAT TH &, BAKIR K Lossmodel N T %
SEAR R AR K 5 o0 R Ay SRR 2, AR &R
Kbl 101, Sefibras h“BIESO” T vE AT hRiE, 5%t
SRR AR B . D% R ARZE ol E i 4 BT A 2R
JHIT LabelEncoder HEAT BRYT, ¢ 22458 2 28 1 T (Y i
&%} (Subject, Object) 474

LosSmodel = losse +loss, (11)

1T (1) Inference RS K BRE 775, ¥ #d]
St AR A 6 4 SISEEAT U0F, B R g Stk . K R
AT KT B AT, 160 Inférence 45 5L, {4
AT [ 5 SR, AR T B T

L 2 SRIRT (R B 1) P11 3 KO B B =
TG 2H. SPO-i&ﬁ%U A, Precision 8 BT R R
Reeall AR OTIAE I, =it AR (12)~
X (14) Fis.

fl  sent; R TR TE A R SPOA 4

Precision = = — 12
D sentFiAT BUNEfISPO 4L
Do Sentih BRI E T FISPO-4t
Recall = = - 13
Zizlsenl‘i}fj@é\%spo/ﬁiﬁ
F1 —ScorezzxPrECiSionXRECall 14)

Precision + Recall

3 SEIG AT
3.1 ZRHBEERSH

LIHHE K H Zeng 2D TAEHE M NYT K&
ECEE A, J% R KM HON 25 25, 45 24 Fhszik
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KEHRI 2 “None” K R EAL IIZREER/NA 56196, %
IESE K/ 5000, S K/ 5000, IR B85y
RARMPI LR 1 fos, HEARKR A 5 s, g
A5 B sentText” KR 15 E “relationMentions” /!
SEARAE B “entityMentions” %5 SEARIE it “BIESO” brid 2
5 SR R A RRIE, R A7 53 T8 I spaCy™” FREUK
MOR R, I IR R B R KR A BT
[F1) A 2 .

K1 A RARMEEE

Relation Count Relation Count
/location/location/ /people/person/
. 45609 . 2814
contains place of birth
/business/ n/ / le/) n/
usiness/perso e people p.erso P
company place lived
/sports/ s.portsiteami 187 /business/company/ 361
location/teams place founded
/business/company/ 40 /people/person/ 21
advisors ethnicity

{"sentText': 'Of Boca Raton , Florida , peacefully on April 3@ .°,
‘articleld’: '/m/vinci8/dstal/riedel/projects/relation/kb/nytl/docstore/nyt-20085-2806.backup/1758

823.xml.pb",
‘relationMentions': [{'emlText': 'Florida’,
'em2Text': 'Boca Raton',
‘label': °/location/location/contains'}],

‘entityMentions': [{’start’': @, 'label’: 'LOCATION', “text': 'Boca Raton'},
{'start': 1, "label’: "LOCATION®, ‘'text': 'Florida’}],

‘sentId': "1°}

K s

504 808 L T 460 GloVe(300d) 1 Jy i
(3] [ B 2% %, POS A B g il d 3k (1), 7 (2) #EAT
i, P D A B3 ) R R g N . &
SLEVER IR N BN, RR= R LR HER
JTUHE B, 1E H B AT 240 RSB W B % B 1 B A, B
) 3(a) B e R T 2, B R 4% 3k K i
B 6. VIS R K Se—5, M Adam fEAL 22
TR AL
3.2 RBIRIFY

4 DCGAT BT 2R 5 LAAE A 52 TAES 120 k47
T Ee#, Horb Zheng P (W ST R Y Tagging Scheme,

i 4 S AP SRR AR 55 OGS/ AN 43 /AT

FEIERT — DT AIRRE ), 05C R R AVEE BAETT 5
[ bRTE; Zeng 20 [ TAELE Seq2Seq AEZE H R A
Copy Mechanism, #&{1 OneDecoder q%El MultiDecoder 1%
RN ARG HEEOE 8 =7t Fu 251 T/E 1 GraphRel
TE PR B b B B A5 R 28 ) 24 31 ¢ R P2 HL . X L
B RS H SR IR T 5L 46 18 5, st SR DL =74 SPO
PR, 2 HAUG PSR B SEAR K S 08 R 5 H AR %A
7] ) 1 b Ay T A

HH 3R 2 & MR I S 5 R AR T LLE
DCGAT ) F1-Score #HELDIER TAEA T W]E
Tt AHLE DR TAE R S8 GraphRel-2, DCGAT
BRI F1-Score $27F T 2.5%, Precision L3271+ 1.2%,
Recall B8 K, 32Tt 3.9%. 5T HEE JIHLH] 5K

Hlatk 7B

FRAESRICAE /7, DL Rl 5 A7 5% 2 1 JEIE B I 46 1
PRk A 2], B T SEAR A B e B B 5% A I T B
INAER, 1645 Recall $2TFJCFL T, 3 tho 8 4R R
F1-Score FIFRTF A2 T VR 1320,

K2 HERISLIRSC R HUCR

A Precision  Recall F1-Score
Tagging Scheme™"! 0.624 0.317 0.420
Copy Mechanism-One®”! 0594 0531 0560
Copy Mechanism-Multi"” 06100 10566 0587
GraphRel-11" 0.629 © 0573 0600
GraphRel 2™ 0639 0600 0619
DOGAT (A30) 0.651  0.639  0.644

3.3 RAISLI S

(1) LIAFEREAL 77 o Hr

FE3 2 A DCGAT HEAE i, A7 249 O A 1Y)
Q% B AR AS HAA ) B RAH, X —# TAE AN
XFEE T AN R 20 R RE R A 3 7 A A R TE Rk R 4 R (R
A REMAF IR AR, X 5 R AR 2 i UE N 1, A7 A4
Mask ZJ5AEHT) 7 AL RIS A RSCR. S3 4k, KAk A7
P R PR AT TS AR 48 i 22 T 1)1, A8 25 R 15 %
(175 N A R R 2 RO O — R E AT Sz x L, JE A
LI 6 .

HiF 7 0T LR Y, 2558 B BRI 20 AR F1-
Score BRI, A% E A F I ILIRZ, IR
HRAFE A GLRNTELT, WRERTHNE S
RN O T AT A 1 4 ARORE R, BRATTAE N, AR
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ERSNIE Y INTTE X W E A I-US SR T Eith o b
SEAAR S 1 ) W B8 N BURE, Precision AH L5 FE H Bk
PG LA = 0.002, (HAXMY HEEERTH
] R A A Te) 9% R, X T = e & 24 L R I 55
17X ZE ), BT A Recall 3505 . 2 P

Beijing is the capital of China .

Beijing| 1 0 0 0 0 0o 0
is 0 1 0 1 0 0o 0
the 0 0 1 1 0 0 0
capital| 0 1 1 1 1 1 0
of 0 0 0 1 1 1 0
China | 0 0 0 1 1 1 1
0 0 0 0 0 1 1

Ko JEImZAERE

FRESRE  AEEE SR
EPHEESEPN n ERRLIR
g; | 5 heas - 003%618, o, 0.6440,6260 615
05 i iz Q485
s 04 i
S ol
02
0.1
0
Precision Recall Fl-score

K7 ANTRIZ) R R R o) L

() R Z KB

N T IR R ST 4 2 Sk BT T A B
KM, S AT T HiEE 12k N EER
7123 K A [V BUE = A A B AR Ny K 23 i L
fH 1. 3. 6, IR IR 3 fik.

K3 AFAZKRPUEEBHE -
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