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Abstract: Biomedical events, as an important part of biomedical text mining, play an important role in biomedical re-
search and disease prevention. Trigger identification is the key and prerequisite step of biomedical event extraction, which
aims to extract the key words describing event types. Traditional trigger identification methods rely too much on natural lan-
guage processing tools in the process of feature extraction, consuming a lot of manual cost. In addition, due to the particular-
ity of biomedical literature—there are many long text sentences, the problem of long-distance dependence is obvious. To
solve these problems, we propose a hybrid structure, which is composed of residual convolution neural network and bidirec-
tional long short term memory, hybrid neural network and multi head attention mechanism. The proposed model uses residu-
al convolution neural network to extract vocabulary-level features and bidirectional long short term memory to obtain con-
textual semantic information. Furthermore, spatial domain sliding windows divide long sentences into equal-length short
sentences without damaging context information, which can avoid long-distance dependency without destroying the context
information. The experimental results show that our method outperforms the state-of-the-art methods on the commonly used

multi-level event extraction (MLEE) corpus, achieving 81.15% F-score.
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3.5 ZFENEEsEO
F T A 0 I = SR R R R | 1 R R SO S0
KL, FECEBRM 28 . NI ARSI T
—Fh &G [R] B 3h 1R Concept() B K J7 32 0 it
i — Al 23 (Al B B Aok T i TR R SR 4
T FTS B AN FH AR ) batch HpH PR [R] 42058 (1 7] 252
AL B ) )l T= [T, Ty, T, Ty, T, Te, T, |46
Wezs W MW S @ 0 %4 8 B =[T,T,,T,], B,=
[T,.T,.T,].B,=[Ts.T,. T,] $Kifi, i 25 [a] 3 v 5 o
PR — 4G Y1 o MK R B AT RE S B8 L 3
BUR S, Ail, AR SCHIH Concept() B ECE: -4~ batch 1Y
5 S5 — A~ HLin] (438 1) 15 5 R — batch A9 55—~ L ia] (Y
) ] AT A T ARIE B R SCITE SR B, AR SOR:
H5E LA Concept() PRERL . A SCIE I 25 18] Jak 4 30 1 106
MLEE ¢ A 194 A) 43 S Sk U [ B 3% 14 4 28 00 245 3
FEUIER A DA TR B BT 1T Qi AN
Regues= >, (Brign®Bye)-Right € {5,10.15, -, 5n},

lim
Right,Left >

Lefte {6,11,16,---,5n+1},ne N (12)

HtP, By 265 US04 h A S 00 260 B 5
T bt A R A T B B R ggqgeq T2 BT RT LA G
FRIA B P R, W Rl 1 Concept() R 2 40 48
batch Z 8 (18 SR 45 5 , AV ] T30 S b B A PR 225
QNAAEE 1 )2 Concept() PRELAYAH IS .

Eik1  Identify RowContext

WIN: B, (T)=(T, Ty, T)and B, ((K) = (K

B Concept(W)

1. Initialize: Quene ¢,/ = 6, W

K,

2

K)

1°

2. fori=1;j<n;do

3. iff{ g.size( ) < 5) then
4. qpush(BRy)
5 end

6

else

k=q-since

7. W=W+ > [q(kl,kz,-~~,kn)+B(Li’et.l],Concept(W)
k=1

8. while ¢ not empty do

9. g.-pop ()

10. end

11. j+=5;

12.  end

13. end

14. return Concept(W)

R SCAEFH 57068 B AR o AT by 48 Ok pR B, fREBE 3L
A7 NINGRFEA (Tra,, Tes, ), AT«

Loss(x) :—i[logp(Traj,Tesj),logp()()} +2]6],(15)
1

1 LR AR, y e logp () FEMZ ML T i B 8L,
L IENE PR 2%, R R B 1S 2500 B, b
TSI P TR R

4 I

FEATT NS T AR SOR FRATT AR TR B R 2 A5 7R
HoAth JLAE R IEAT T FLB, #1538 T S 56 wp e %) 25 i
LG TS E AN IR T IR bR . 1L
Ab FRATIRTEAN /3B T AR A Rk
4.1 XWEE
4.1.1 #iE&E

ARSI SR FH ) B 4 Sk A 4 1 2 A G
R MLEE™. W13 1 05 MLEE iR R A1 & 295 B 41
P 2 SR B, M 2 608 /N h) TR 6 677 T
YIRS E 3 598 il & 1), IAAE A 1 809 i &
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i, fi A T B Ry A 2 . MLEE TR IR 35 T
NGFF A B A DA B A SRR B S . AT R
S R E > Anatomical” . “Molecular” |, “General”
F1“Planned” PURZE, T #E—2 00 R 191F-25.

®1 HBESI
B 4 Bk Lt RAiF4E it 4E st
SCRYEL 206 30 59 295
)T 1825 260 523 2 608
e 4673 668 1336 6677
4.1.2 PFMIEFR

MLEE 18 RHE 5> I 2R T K S A4 =45
oy . FRATEINRIEFNIT K S A Ik ARSI T 25, Al
FHTF K S 1 280, I Bdis A2 07 00k . R P OKS
WERE) (R(H IR F(F )N BT i 7 16 3E 47 13T
#r. P HEAR PR F N (16) 52 X, Hid TP FP AT FN
43 B BB AR AR S

TP .
= Tprrp < 100%

TP
" TP+FN
_ 2xPxR
- P+R

4.1.3 XWSHEEE

AR S 22 ) 48 HE R IE T Pytorch SR, 285 3T 17
WG e A S e . Horp, BioBERT 4= A (1) 7] [f)
o ERE 768 4 . A5 R sh B WS 12,3,4,5,
6,7,8,9, 101 BEHL T 5. #l1 28 W 2 2 44 shuffle ¥ B
true, Pt Ak %% 2K FH BEALES B2 T B (SGD) , 7E ReCNN Fl
BiLSTM ' [ dropout {H % & & 0.5, %% 2] K N E &
{0.1,0.01, 1x 107, 1x 107, 1x 107, 1 x 10} 3 I T 1 x
107, BB, Fo AT 38 i % 24 1€ H 42 AR 7 PubMed FKHL T
5.7 GB B S5 15 et P foff FH ARG 16 5 B AR KE T R E S
I, I S A I8 DL & A, S8 L3k 2.

£2 ZWAXSH

R x 100%, (16)

x 100%

28 SR ZHUH
Wordvec dim i) i) e 24 768
ReCNN+BiLSTM §£§?$RT$éiMéﬁ+ﬂm 8+10
ST 28 0 25 2K
Dropout rate TRA P2 W 24 Dropout S 0.5
Learning rate IRG ML a5 2E 2] 1107
Optimizer RE MM SGD
Windows_size Z3 [ 2h i H R/ 5
Label schema MLEE R332 BIO

4.2 LWEREHIT
KT REARAE G T AR R B BR A RE S
A BT L e AR, R I AR AR T4 A S T

—Fl 1 BiLSTM 11 ReCNN 40 i HUIR & M 2 M 4% . SR )
B MUH-Attention ML @l AR A #1285 1 45, [R] Ay 1)
NI T AR B A5 B, DA 5 A 0 15 = fioh % 33 531) A6 o
Bk . BT R ) R i 2 T T B K
M ), FRAT R T 2 AR s a0, AR AR R
W SUE BABREIR BT XA F I T 450 43 5

W2 3 PR, A SCLL BILSTM 1E h 5256 iy L 2R i #61 |
HFE 7 72.57%. $8)5 , 5] A T ReCNN $& it m] -+ 1 4
A BT ) Je RARRAE DT 48 1R A ) - 14 fik & 11U
HERGR, P T 3.13%. MeAbh, b T 5 a) 1 e
(S B AR SCIEIR A M 22 M 4% (ReCNN-BILSTM ) () K2 it
I, @A T MUH-Attention HL , FE#E 5 T 1.89%.
Jii o 20 3k 7 ) s W B T 0 SCAR AT Ak L R A b i e
TR SRR PR SCAR A R (R S AR [ B, A R
T 3.56%. A% SCHE S ) 3 T MUH-Attention HL i F123
V) S T 0 78 I Y 20 A 4% fih % ) R R R AR A )
F A BGE HTE R MLEE 38 RHE I, FE1X 81.15%.

®3 LREBNASLER HAfL %

Methods F
Baseline (BioBERT+BiLSTM) 72.57
BiLSTM+ReCNN 75.70
BiLSTM+ReCNN+MUH-Attention 77.59
BiLSTM+ReCNN+MUH-Attention+Spatial domain sliding window | 81.15

5 LWLBESHT

TEMLEE 15 RHE I, B8 — S EAE LM ety
A B 2 A b R AR o . AR R AR A SC
P& BT 5 A e dE i SR IR A5 R AT TR
AR T W GRA ST O R T AT T
4 PEBE FL A R 22 50T .

5.1 HKMERELLE

R T RUEFRAT AR FRATHERE T LAR Se ik B
RGP T A .

(1) Pyysalo % A Y SVM J53% ¢« AT 8 FH S 425 1)
BLSVM J7 ik, F T W HEE , 7F il A& dm) 1R 5 v F 1A
51 75.84%.

(2)He %5 N BB BEBR k" AR 2 A TAEHIRAT]
FEH T T SVM AT PA B WII Be A& 5t 7k TRl 45
A THEAFEE T 78 MLEEEBHE L1 FAE 4 79.75%.

(3) Zhou %5 A B9 A5 B 1R 590 97 1510 Al A T4
Medline #4 £ T — > KB SCATE B ZE |, I3 1o 4 25 ) 4%
B Hom A B FRIRERRAE R, F AR 78.32%.

(4)Wang 25 A 19 CNN J5 ) ATl 7 — Fif
TSR A B 71 I IR A 2 2] FEEVREE I
X HHEAT 5328, FAE N 78.27%.

(5)Shen %5 A ) CHNN-ELM J7 3 fib fi 45 1 T
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A T TR A5 ol 22 000 28 R TE AL 1) £ ) B ik i ) U0 D i 3213

Gt A Wy B 2 A ik 2 1) R 9 A CHNN-ELM AE 28 | fifi
FH CNN 4% A i 21 i 1 i i W B O vk A 8l >0 s SCik
TFRRIE e, F (8 M 80.57%.

(6) Nie %5 A ) ANN-embeddings J7 3" fb i 4f JF]
TR R A K il B e 22 X 4% T 0SS R R A 7 = 0 ok R0 P
5°M77.23%.

(7) Diao 25 NHIR A I 22 M 28 0736 A A TR T
—Fl 1 SVM F1 BiLSTM 2 5 TR A i 22 N 25, 3 2 Bil-
STM 5 GIPAT EE 43 2 4 7 v 06 A 1y I 2 5 ik i 101U
it SVM 5 SoftMax 1A i1 75325 , F{H° 80.66%.

(8)Wei 25 A1) £ ]2 BILSTM 1 25 [ 2% 5 51" i

PEBE AR RS 5 | A [l M P () S 0 45 2R ik
7T XL . fE MLEE S o, BOOR U DU A A2 2%
PREZEA AREATE T3 50% /Y il P, 52 22 10
PERETE —E R _LOE 1RO B AR RE . sk
5 i 7, 7F “Regulation” | “Positive_regulation” 1 “Nega-
tive_ regulation” 5 24 S5 {2 B v A SO VA B F B AR
XS IE T AR SCHR Y B RS MUH-Attention HL ] Y
TR i 2 0 28 A0 19 A 2 vk . R MUH-Attention A1
il ) A7 0 A 7 1 AT A ik A T R A A% TR
BRI ARG O A5 R A B T 52 2 S PR A fih i 3] TR )

151 A o BOUSR B HH BT L F SO i i o R mEMSTTAMG EE e
P T —Fh 22 2 4 0 n K 2 (BILSTM) 4544 Category Method P R F
Rl R 2 RO P A2 B 7 R A B A N e el
SRR, F {8 80.74%. Cll_prolferation | >0 | 038 008 ) 00T
AR SCHEPE T Pyysalo 55 A1 S B0 45 SR g 3L P Z;j -
e N4 BT X TR G i A R O o K% O Repwies oty
BT TR BE 27 2T (1) i 2 3m) 000 7 ik (SCHk[ 11,13, 14 PVVS;IO 25:0 14:3 18:2
IPERA SO ) A% T A vERE . ILAh, A0 F Transcription “Z'hou 0.0 0.0 0.0
1 HLHE LR 775 85 6.36% , L Nie % N5 4.97% , H Zhou Nie 10 | 857 | 375
25 NV 3.88% , HAL T Wei 25 N 19 22 2 BILSTM Hfi 22 Ours 33 | 333 | 333
W45 5 IR AR SO I FAE AR 5 0.41% , 78— F Pyysalo 0.0 00 | 00
UL TR A M4 A . 5 Diao 55 ARG Catabolism Zhou 167 | 333 | 222
il 22 ) AR SR HE AR SCRE R A (S 1.54% , 39E— Nie 125 | 250 | 167
SEUEB T 23 (] B 3 % 1 MUH-Attention AL % T Ours 333 | 333 | 333
fih B U RE R THA A P . R Se ik ik A A Phosphorylation Pyysalo | 500 | 100.0 | 66.7
MURER L AL . BRI, A2 ) B2 2 SRR SCAS rh 38 3 A7 AE 1Y Zhou 75.0 | 1000 | 857
TG B A 7] R AR AT B AR A A B, A SCAR A [R] B Nie 1000 | 1000 | 100.0
i T XAE B AR 2 SRR N TR LR R, Ours 00 0:0 0:0
AR T R A b 2 0 44 T 52 25 TUD RS JEE , O 7 A Dephosphorylation | 20 | 00 00 00
580 2 T 2 (9 3 5 11 MUH-Attention LA Zhou 100.0 | 100.0 | 100.0
Nie 100.0 | 100.0 | 100.0
F4 ACEBSHAMEFNER MR A 2% Ours 756 P —
Methods s R F Pyysalo 79.9 83.5 81.6
Pyysalo et al.'® 70.79 81.69 75.84 Localization Zhou 80.9 85.7 83.2
Nie et al.” 71.04 84.60 77.23 Nie 65.5 84.2 73.7
Wang et al."”) 73.56 83.62 78.27 Ours 81.6 71.4 76.2
Zhou et al.” 75.56 81.29 78.32 o Pyysalo 84.0 764 | 80.0
He et al.” 82.79 76.56 79.75 Binding Zhou | 811 | 782 | 796
Shen et al."™ 80.06 81.25 80.57 Nie 81.8 80.4 81.1
Diao et al."™ 80.03 81.54 80.66 Ours 87.1 74.9 80.6
Wei et al."!! 79.89 81.61 80.74 ) Pyysalo 46.5 60.4 52.5
Regulation

Ours 83.48 80.89 81.15 Zhou 56.5 | 53.1 | 547
Nie 599 | 680 | 637
5.2 iFZEMERELEE Ours 849 | 757 | 800
AT — AR AR SO 7 ik AR R Y B S Positive regulation Pyysalo | 67.9 | 867 | 76.1
fik 2 1) U0 25 0 A R B, AR T X 2R U TR A 2 - Zhou 71.6 | 864 | 783
AT T 40T . 3R 5444 S0 1 5 oAt SC R P AL g -2 Nie 67.1 oL0 | 773
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Category Method P R F
Ours 89.1 80.8 84.7
Pyysalo 74.4 77.0 75.7
Negative_ regulation
Zhou 77.1 78.8 78.0
Nie 70.9 84.6 77.1
Ours 87.0. 82.0 84.0
Pyysalo 53.9 75.0 62.7
Planned_process

Zhou 56.5 75.6 64.7
Nie 64.5 74.9 69.3
Ours 88.0 84.0 86.0
Pyysalo 68.1 83.5 75.0

Development
Zhou 69.3 81.4 74.9
Nie 48.5 84.7 61.7
Ours 88.0 84.0 86.0
Pyysalo 95.7 96.3 96.0

Blood_vessel _development
Zhou 98.7 97.3 98.0
Nie 96.6 93.1 94.8
Ours 89.0 80.0 84.0
Pyysalo 69.1 83.9 75.8
Growth
Zhou 77.1 83.9 80.3
Nie 100.0 91.1 95.3
Ours 89.0 92.0 91.0
Pyysalo 56.9 94.3 71.0
Death

Zhou 72.1 88.6 79.5
Nie 62.8 88.9 73.6
Ours 83.0 87.0 85.0
Pyysalo 80.0 34.8 48.5

Breakdown
Zhou 80.0 34.8 48.5
Nie 84.2 69.6 76.2
Ours 80.0 80.0 80.0
Pyysalo 85.7 60.0 70.6

Remodeling
Zhou 85.7 60.0 70.6
Nie 16.7 10.0 12.5
Ours 100.0 100.0 | 100.0
Pyysalo 333 50.0 40.0

Synthesis
Zhou 40.0 50.0 44.4
Nie 75.0 75.0 75.0
Ours 88.0 88.0 88.0
Pyysalo 83.8 93.9 88.6
Gene_expression

Zhou 84.7 92.4 88.4
Nie 85.2 91.7 88.3

5.3 RESMW

WAL 3 I, e 3R 4002 FARES s 2 . A
EIHRT LU Y A SO RIAE R 280128 rh U T34y
BRI R e e B 22 4 “Regulation” () | “Posi-
tive_regulation” ( 1EJ# 15 ) 1 “Negative_regulation” ( 71 I
A AR SCPAFR e FAA . EX T — 2] s 28
41 “Precipitation” F1“Catabolism ”, SC AR J7 ¥ F {H AH X 45

— Planned_process

— Negative_regulation
— Positive_regulation
— Regulation

— Binding

— Localization

— Dephosphorylation
— Phosphorylation

— Catabolism

— Transcription

— Gene_expression

— Synthesis

— Remodeling

— Breakdown

— Death

— Blood vessel development
— Development

— Cell_proliferation

— Growth

B3 fil Al B R DL (MR R )

1. MR AL, FRA T TR 22 R R A2 R

(1) R 0 9 A B 55 22, L AE A9 2K 280 1 50 i
22 SRR B AN S8t )

(2) [A]— fish %% 1) 7 AS [ B4 DI 25 4 A3t 45 v 0 2
BIANTR], S HOT B

(3) X F [F— S 44, SR i & SCRTREASTR] . il
B SCHE B R [ A 4 B “PROTE-10" B, A @ 76 F
— A i A “PROTE-10" , 2546 48 17) 531t %o A
TR I T — S B 22
6 iTit

AR SR Xt A 0 P S i TR R B A
Sl ) R0 R fih 1) 1) 7 A S X fi i ) I AR ] B ) 52
Wi, $2 0 T R A (I S R 1 BT A R R A A
MUH-Attention LI , 7 4 $) B 4 25 04 fpk & 1] U500 v 3
B R rEeE . BARMIER P an T

(1) (a3 sh i 1

F 2 W = 2 SRk R A A R K )
S M O, (HL R ) 7 BE B, A R 13 S
R, Pe A TR BE B Ao ) B R AR SCHR T
—Fh2s A S B O e . O AE AN R A TE
] 1R SO B B AR B BRI T 6 A 9 I 2 SCHk
TR AR o R A S A R B R B R
TE 0 4, A R e ke 1 fiph & R0 RU a A b ol TR S
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A T TR A5 o 22 000 28 R TE AL 1) £ ) B Sk ) U0 O i 3215

MM 5| A 1 A B B AR I, i T T A % 1) R
T RE .

(2)ReCNN-BiLSTM

A SCHRE T —Ff i ReCNN Al BiLSTM 2H A% A0 &
P2 2% . AL S8 fish R vkl A ARE S T A
AR HEATRFAE 4328, 3 Fh 7 1 AN SR [R] K 3 9 #E K
M T BT, B AL fE 1455 ; ReCNN 5 BiLSTM 11y
SEEABMAR DL T AL G WA R SR IO S AR B
SRUE 7 AL PR T H A IR, MM/ T N TREAR . [l A 25
A FIFH T ReCNN Fl BiLSTM #4125 [ 4% 1 4 3¢ . BiLSTM
T 3 AN A 3 A fh 2z TR TR AR R S AR AR R R 1Y
HEURIE B, NI & TR RHIE(S B . ReCNN 42
1 T BRLR] ZREAE B U B SR PR TR TR () i S
FEFURAEI T s B . 2R 2 AR I IR A PR 2
26 1 R T ol A i SRR S ARAS T BH S ) 1 REAR T

(3)MUH-Attention L7l

fipk 22 1) A A7 B A 8 A B R SRR AR AR B
BERZ W0 fih 2 R 2R R U . AR SCS AT
MUH-Attention ALl , 38 iz 38 i A A9 L S0 SUE
S, IF AR AR A 07 B A 9 R i A B AR T
R A B A5 B DT 5 ik 22 1) 0 A HE B 1 L
A, 38 35 TE 7 HL X A PR R T AR A AR R
T ik 2 U] P AR T I S 3 ) ) AL R B ) B L
e, 2 T K SR P A B )

7 HiERRE

ARSCHE T —F T AR B 2 i & 1R 1
BB P2 M 4% . IZA AR ReCNN H2 HUH 1) 92 FR1iF
FIH BiLSTM Xf b F 3CfF B AT RS HL . [RIA), >R HH
MUH-Attention ML 75 Tl A H R JIn 58 A R 16 0 007 B A
B AN AR SCR R T — R R A A ) Sk v sl v 1y
B AERBEIR R S0 SO R ETE T A Y B 2k
kR IR SOAR 73 ) 1 AR R SO B b iy A i 22
2% FEAR KRR b fif ol 1 I B A ) . S g 45
FEH A Y 7 T A AR W B 2 e G E R
MLEE ik 3] 1805 P RE .

TEARR I TAEH , FRATE O TR e A Y
T3, DIAE fif o A 40 s 2 = b IBOER U 4R h A7 AE 1 2
PERGHL . R, H AR TR IR R AR £
I 266 7 3 , e b B R AR A 0 O =X, R T R I PL
FIHET G F R RS B, Lh A W B 28 35 1 fih % 1] 11
S HERE i — 2Tt
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