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OB FHTREAANIATFHAALEAN AL, XARETAZAEFSMX L AGERES, AT K SHET
FHTREENMEAFRAAMERAFREGEFGATESTREERN AT RERERNGFLERT RARAEFHRESFEHETEEGY
. AP ATILA P AL AR T — AN R B 58 a9 F AR TS BR A a9 Bk A AL AL TESF, s AEAL ST oA B e 3 AT F AR F AR R R F A
TAZ B AR A 3 AME4 ;42 )8 BERT (Bidirectional Encoder Representations from Transformers) #= & & 32 4F A& n 5% ¥ 34 69 35 L&
=348 R FE A ALE (Attention) Fe 4R A 4] i AT H & B A AP 2 M % (Graph Convolutional Network, GCN) , ¥A A %k 3 4% IR 35 5L
Fo bl AR, HFA,ZERLTARATAFE ERARIAEZ) W FH T EALS., £ FactBank, Meantime, UW, UDS-
IH2 5E#H Ly FREREF T RERK TR EER,

SRR F A TS RA ;34 55k ISR ; B K ARA 2 W % BERT

REZRSES TP391

End-to-End Event Factuality Identification with Joint Model
CAO Jinjuan, QIAN Zhong and LI Peifeng

School of Computer Sciences and Technology, Soochow University,Suzhou, Jiangsu 215006 , China
Abstract Event factuality is the description of the real situation of events in text. It is the basic task of many related applications
in the field of natural language processing. At present, most researches on event factuality use labeled events to identify event fac-
tuality, which is inconvenient for practical application,and ignores the impact of different event sources on event factuality. Ai-
ming at the existing problems,an end-to-end joint model JESF for event factuality identification is proposed. The model can carry
out three tasks at the same time:event identification,event source identification and event factuality identification. Using bidirec-
tional encoder representations from transformers (BERT) and linguistic features to strengthen the semantic representation of
words. Graph convolutional network(GCN) is constructed by using attention mechanism and dependency syntax tree to effective-
ly extract semantic and syntactic features. In particular, the model can also be applied to the task of event factuality considering
only the default source(text author). Experimental results on FactBank, Meantime, UW and UDS-IH2 show that the proposed
model is better than the benchmark model.

Keywords Event factuality identification, End-to-End,Joint model, Graph convolutional network, Bidirectional encoder represen-

tations from transformers

T B Y 45 A S rose” il “rise”, F W1 S 4 “rose” Fl

sl “rise” f SO AL AF L H T R rose” AN Z A A A TE A E

il

MMTFERE IR ARG — SR A SR E A B
W2 S E S MG S, MR ErFRE. £ ERIE
AR — FORZ I E R F R E B AR F A
PO A S BRI B EEAEH ., ERERGE T, F AT
15 BE T LAAE R 23 I AR AR Ay 25 46 0 1 T o A 19 24 8 5 7R 0%
ORI b, S A B R O TR Y B AT 55 5 7E AR
BRI v, AT AR DAy 5 488 60 % 0 DB A 4R

ZHTRIBEIT K 2R B T AR A R O B H %R B0
B CCAER  AUTHOR) (I 1F & #4709, il 1 o,

FfE H I :.2021-12-09 R4 H I .2022-03-16

5B IEm, FLR 5 B o — B FAE ", F 0 “rise " FE A 8
LR R “may” FIAE T A5 BEE N “ R BE R A5 7 T AE B L
BUH R IR R G I ELIR]— S5 4 % A5 [ = 44 8 0 = 4 T
TFHEEARTA . Xt , AR SCHR H T — AN A A5 R TR o 2 L
TR A B ot R 1) 24 TT A 1 . AR SOF 44 T 45 B {8 43l — 2 T
fF(CTH) —EATAF (CT—) A HEAT {5 (PS+) 7 fEA 7]
H(PSHOMAHE (Vw5 K, —MaFHRARREREZA
Fo A A AN ] B T A AR L T LR — X R [
F R LT AE B AN TR] L 3 B T T A R U B e

R H . FRH R4 (61772354,61836007,61773276) 3 TLJ5 i 1 0 #4211 12 W8 B il H
This work was supported by the National Natural Science Foundation of China(61772354,61836007,61773276) and Project Funded by the Priori-

ty Academic Program Development of Jiangsu Higher Education Institutions.

EEVEE B (qianzhong@suda. edu. cn)
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] 2 fr s, ) F H A AN, B claimed” F1 ¢ caught”, X
FICANEE F U, “claimed” & — & W 5L, BI A {5 BN CT
+ A X “caught” B AT (5 BEARNFF 523, AT 5 JE 8 Ua, W B, X
FHF AU police” R il , FA“ caught” T f5 £y CT+-,

fi] 1 Stocks rose sharply today and may rise again to-
morrow. (JBEEE4 K KM ik , B K W] e Pk bk )

] 2 The police claimed that they had caught the fugi-
tive. CEEEE FRMLATT Z9E T840 O

CT+
CT+

The police claimed that they had caught the fugitive.

| |
CT+ Uu

AUTHOR AUTHOR

B1 5 2 S5 R S A A R X
Fig. 1 Example 2 correspondence diagram of event source and

event factuality

T AR A S A 5 K 22 B0 Ik T M 28 I 45 1 A5 Y, Qian
SENUSR T B B B 2 A O B ) 4 =TT R )
R e ) AS 0 S s 25 A0 288 2 T s 25 S0 S W = 42 1) T A5 B L T
DLA 5548 T B 0 A R H RS T 2 AR R R — [
VB F % S5 1T A5 B JC 0L TR 3L n PS— L B 75 A £k 3] LA A
FELRRFILFAE . Veyseh %12 Jy T i 4k 46 & 17 2] 5 4 10
5 B i BERTS %3] ) &2t #4740 8, 42 1h 7 36 T GCNst
A4S 20 4 3 /) R R AR, DT 48 T T U R T A R A
PEfE B RAUE B FEAE ATUTHOR F B 0] 5 8 A
R A A S IR TR S TS R O H R T
X T A A AN R A TR A T R M TR AR A
B Cao PR T —A3F GCN M BILSTM AR A #H,
T HEEAE RGBT FHE ARASEER
HEAT 3 I, PR AT 4R T B U, GO R 25 T BUBC R RUR N
. Jiang %155 T BERT 78 35 18 0T 45 B iR 54T 45 b o4 ok
e, SR 45 R R W) BERT B A 313 st p b fe .

FEFLL 0T, AR SCHR T — A i B G A R R
JESF. A7 DL AR bR 1 = 40 0 5 40 7T 05 B2, O BLAE R 2% s
A RN 2 A R R A R AE BN 5 A RO, A
PR UG, JESF BERLH A 1 AL 2 il 28 A0 3 AN A 55 25 fE 17 g
PR PR AT fE B AR T R R R R R 0 S
SIS PRk 7 =4 PRSP B T =4 U 3 8 R A =4 T
15 B 5 5 4 A= R IR A 5%, TR DL 7E AT 5 BE UL B @k A T =R
A TARGNE B AR T 3 A FAE 5 Z R R R, AT
T THIR AR, A FE TN T

(DR T — IS BE JESF, 7] LLR 9147 1 o it 48
FAPR L R F SR T S5 AR SO 52 56
G55 LG B AT v 2 s S 2R T AR R R R 0 SR A A R
Xt H 2% R R DAV A9 44 T AR R U AR A R

(2)ffi H BERT i) ) & FiE 5 22 4948 Gl M RfE R &R .
T JRTEO VE A B4 R, I R ORLIE) LSTM 3 1 2 1 203 (1)
T S ok 18 5 B A A T AP R IR SO L AT A e 1 A
SCIRVE, i T 0 ML A K AE ) A 1 GCNs, #E 4T 3
PEAR BERUR e AT LA A 2 R A SORV AR A L AT 2 T
PRI R

(DR T AR AN SR A 45 0. BT A SR
B IR S BE R JESF . (] T AR [R5 E T 19 sR BR L R PESF 347
N WA S TN U e o R I P N i
PEF, JEF 2 #8857 £ 15 A5 B FTIG 5 45 B A 45 o

2 MXTIIE

B R K 22 B0 F 5 908 J2 8 b 1 = R 0 A T £ R L
I B R 2 B SCORVE R SRR E R . AL 58 S T AR
PUNBE BS54 T B AE TR FIML %% 2 > % 25 £ n] £5 B k470
B Sauri ™ FHAR A AE A5 B (REA L E U A 2 L
IS B T —Fh A LR DR AR AR R AR S0 B
i & & T T3 S A TS B A 33k . Lotan %5 43
TR R R R T 4 A CLR S A 25 {5 B X 2 ]
15 BE I SE M, 42 T — b 3 A A R R 1 R AR L
R ETT (S . Marneffe 800l F1 1 208 18 2% AL K 0 JRUE |
FF R AR A ARG AR IR T — R T
B R0 . Saurt ORI T — R T SVM 225107
. Qian SFUVHR T —Fh 4y B B BL AR 4 3T R B0 AH 45
B TN R 5 B . Bl P 28 0 4% 1) 4 BT 5% o
T Uf 2 i3 A A 22 6 A5 AL 2 L) =R R T {5 B . Veyseh
AR T — Bl IR T GCNs BB A, Al 0% 47 250 b il & 3 3k
15 B AR AR B AT S v (5 B IR A . Zhang %55 48 H
T RTINS B B F BRI 5 k. Cao
ARTUTR T — AN 09 R B 4 R B A 28 R 45 (Uncer-
tain Local-to-Global Network) , f] T ks & 2% = 1 o] {5 &
W,

Xof - A T A 0 4 T A R AR ST R IR
JEAFEBRATR T AT E . Qian V4R M T —Fh kT
ACGAN BRIy J7 i 4 A PRI VIR 5 AR DL e R R
)40 B L Sk, B ACGAN #4725 £ T % B iR 9,
Cao ZE0 R 7 — FiiR 4 2 W 45, 3t o 0 000 3% R EE 1 L 3B 1
VRS AH s B, T3 03 YR A 0 R0 245 0 AT 2 T f AR
XU VA R AT B Ik S A RIS R . BT
A BRI RCR (A = T i i,

Sauri %3 F TimeBank 8 2 T 1 174 25 £ A 15 BF 59 15 #
JF FactBank™ A T 3044  HE - IR A5 B L I A 25 0 i
WA 98 43 Xof A AT A T A R A A B T R AR CT
CT—,PS+.PS-,Uu %, Minard 5" M@ T ML IESH
4 Fit (8] 15 8L FE MEANTIME, 5544 7] 5 BEAR 25 408 certain-
ty il polarity Fi M@ TR 3RS . Lee %7 My £ T 50 4000 B 1 35
BHE UW A 300 v {5 B2 9 (e B0 — 3, 3] 1L Al 43 AR
55 ¥ A T U AT 55 DT 6 Ak 45 8 35 1R & A 1 AT R,
—3RR—EARRA 3 FR—E K HE, White FU T
UDS-TH1 B4R 4 hniE Tl 6920 ik, N T Y B I 4F
A5 BB 4, Rudinger 1% 3£ F UDS-TH1 #4287 5048 42
UDS-1H2, A UNDERSTANDABLE, PREDICAT, HAPPE-
NED,CONFIDENCE X 4 4™ ff J& #F 17 $ 8 b5 1 .

3 EBFEX

HAF T A5 B IR BT 55 2 R 5 7 SCAS B9 T AR R
30) s = A1 T DU 4 s ), U A P B S TR
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YR 4 % (R U Y ST AR
3.1 HEEX

(O FA, FEF A F B = R 09 2R T8 2058 fil &
W CA ) 1 Y “rose”) , B 2 — b BE 65 R T = R AR
T B — a5

OFME ., FAERFANSEEZATME X F D
WS ERr A — € W& B 6 0 2 P9 0T BE X 6] — 2 A A
W RS, RN EEARAR, ZATHFR K2 NEIET
SCARAEFAE Ty A B M — R AR SCH IR T TR
R RS M, A 0RO T 2 46 IR (Generic Source,
GEN) il i 81 J5 (Dummy Source, DUMMY) P fft 4 7k (19 5 1
o WA F P I T HE A FRSS # (4“1t seems/appears/is
clear/ ") o & ¥ 8 iF B 45 (AN “it is expected/confirmed/
reported/ ") , FEFS UMY F B b, AT LU “BEAS A7l B 7k
FIE R A SO P AR IR s . A0SR i e 1 ) T A
S EEGIE B IAEG ]S T, BV 45 AR R A SR U4
REFUTIR R R,

3.2 EHVEEENGE—RE

AH DGR G710 1100 2y 3 Y = T B O IR S N S (e
PR E O MR PEA G, HrhRtERIAFEFRTEE . BA
T FE ML AT R KN, R B BT 1Y 9 SCERLE BR
T AN — 4 (AR 3 4% RS A A P AT AR i . B, A 3C
K H FactBank # 5 1 7 3, 3% B 25 A P X FactBnak.
Meantime, UW , UDS-TH2 15 B} £ 17 b5 45 56 e 6 =5 1 T 15
4R CT+,CT—,PS+,PS— L K Uuix 5 2%,

L1 THRERFEBH I, HP . X T FactBank ik
AR S0 H P Y PR(Probable) # 4 5 PS(Possible) , 3 B Ji
KAET PR AN PS (9 X 43 IR A, JF HL X 43 2 SOR KL DA K& PR
Il PS ZE 50808 /0 ., X F Meantime, A SCAR 3E Certainty (5
FE M) N Polarity (B PO X bR 25 AT 56 4 . UW 38R} R 2 06 55
PR AT A5 BE A WS 7R [ — 3, -+ 3T R P o AR SC AR 48 1E # CH 1)
DA K BT {5 B CRf 8 P DO % T ACKE AR 28 R AT e . ST
UDS-TH2, A% 3¢ ] & AR #8 HAPPENED (#% ) 1 CONFI-
DENCE CHff 5 1) #E17 PR 25 5 46t

E N TYiNE R
Table 1 Label conversion
FactBank Meantime uw UDS-TH2
d_(_ n _— : — — - e ——— A 3 AR A

I AR Certainty Polarity EREY & HAPPENED  CONFIDENCE
CT+/CT— CERTAIN POS/NEG [2.5,3]/ [—3,—2.5] True/False 4 CT+/CT—
PS+ (PR+) POSSIBLE(PROBABLE) POS (0.5,2.5) True 3,2,1 PS+
PS—(PR—) POSSIBLE(PROBABLE) NEG (—2.5,—0.5) False 3,2,1 PS—

Uu UNDERSPECIFIED POS/NEG [—0.5,0.5] True/False 0 Uu

4 REEH

AT B AR SCHR A A R A BB A R
B TE S YU A T v B SRR IR SRR T B SR R R
BRI RESR AN 2 o o BT B f AR RN
B R R AT AR BERBIE 4 ARG

| wews | s#ans |

=17 2 ERA

& 2 JESF #RHE 4
Fig.2 Frame of JESF model

4.1 WAE

SN R E AN E IS I N b R R b g il A
o A 1] 5 AR JFOR 1] . X T — AN KR 1Y AT
s, b Fe i a FoRA)F RS @ AN, B
fia) St D) R ) -l i BERT 3 31 /Y, [ s A< SC Al Bl AL ) 46 Ak
i ] 85 439 FRAT I P AR A 26 R LI SRR 1Y 6] W) 3Rk 8 )
i PP RS R ) 1 R ) R R OR K

(1) ¥ i) 4, A 3C A “ BERT-Base, Uncased, 12 la-
yers” Y2k 4f ) 18] [n] £ X 47 6 AT 4 85, DA 3R A5 B0 18] 44 3] [n]
HHR (. eh .

@ iatEm i, T —NKER 2 B4 F X, Bt Stan-
fordnlp R XF 0 B 38) 36l 44 (9 75 51 Cprs posvees p) s Hotfip o
B o BRI PR o AR SO T BE BB 6 Ak 7 vk AR A5 1) P )

X={ax, 22,

’ei;)u

WR R (el veb e

(OIRAER RN &, ARAE R I8 E A B 2E R A7 A I5 )
LS AT SR TE S R L AR SO A Stanford Parser 3K 4
DX I AR A7 26 R 5 A8 PR BB ML 4 Ak 1) 30 1) S X6 7 19 1) R
IR Cef sef e,

(DR JFIE it . A SCHH spacy 34 B8] (1938 [ OE . 2
Je i Glo Ve 43 4 4k A4 1) rf £ 3K B3R B IR B9 1) R R OR
(et ey s her) s

I 28 8 ) B PR R R ARAR A F 1 ) B R OR E= (e,
e:sse, ) e, =l Der De! Der . X F 3K A5 191 1) & %
7R 8 3L AU LSTM (Bidirectional LSTM, BILSTM) 2% J
SCAR AT

h,=LSTM, (e, \h, ) (0

.eh),

b =LSTM, Ce; shi 1) 2
BiLSTM il i #§ iE 17 LSTM Fil [ 6] LSTM 4 45 i 1

HETT D BE 3K 3R 75 ELAT BT 1 RS B 0 SCAR A5 8k, = [ ol ],
H={h, ,hy,***,h,} .,
4.2 HEHIRIE

HHRE R, AR —RiafAREXREZE
FERUATE SC o BT Y 3 — R A A SCHE R AR A T ]
P 1o AR SR ) AL DAAT 20 A e 2R R 0 v A s S fR)

AR SCAE F— A 22 3 7 B 7ML ok il 3k g R R )
R T={tty,t,) i — 2% )2 (Fully Connected
Layer,FC) ,if i sigmoid #1713 4iH 51 .

T=Multi HeadAttenion(H,H,H) (3)
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yi =sigmoid(W,t, +b,) 4)
4.3 EHFEIRINE
T WA F A SRR X TR AEAE T

BILSTM % tH 0] i H PF 0 il . A SO £ 3k v 3 T pL il
P — A5 OUE 2 R IR 00 T R SRR LU R 2R R A A DG R AE
.5, b RJE M A R R F R, BRI

S:{S1 989 9%

AUTHOR,.GEN fil DUMMY X 3 fift 3 ¢4 J8 , A% SC7E A F /i KT .
TN A 3 AR, DUE T 3505 0 00 an el 3 s . 4 IR Sfi="[h:.t.] %
HHEH— 2R EBNEM— P 2EEEER., FH4FEIR S=MultiHeadAttenion(F,H,H) (6)
SZHIEA F={f1sfos s f ) B3 E 00 5 o & T A y: =sigmoid(W,s, +b,) )
CT+ UuF CT+
SR A5 AR5
softmax
FOER S oooo SRR ) 4
[0] [0] (0] [0] [0] [x] [o] [o] [0] (] [o] [0] 0] [o] E%%% [][0] [0] [o] (1] [0] [o] [o] [0] o] [0] [0] o] [0]
2 emord Oooof T iameid

|ITWWWTDTT\'*DWWWW

OOOOO0O0OoO0oooOooa

i

i

Multi-Head Attention

Multi-Head Attention

Y

Multi-Head Attention

/ \ / T BiLSTM T
T |
O OO0 O 00004000 O] #ras
KEXREE
O O O O O 0O O 0O 0 0O 0 O O akae
O O O O 0O 0O 0O 0 0 O 0O O O] ek
AUTHOR GEN DUMMY The police claimed that they had caught the fugitive.

3 JESF 145 Ky &

Fig. 3

4.4 EHTIEEIRE

FAEAEEPNE F B -2k EE A HLH . — A4
GON AT —ANHI A5 4 28 B 46 . S0 A B & 3 A2 K18 19 i )
FRAE R H O HAFR A 8 T R ORI i S

X TS i H AR SO A 2 3k i ML AN A i 8 2
AR IR T 35 SCEFAE m, TR A, AR SC 6 | GCNs il 3k ) F
B AR 315 B . Veyseh 255038 33 o6 BOKF 2, Fle; 19 17 7]
BPFEIT . I sigmoid # G PR B 5 LA FE A - X
it 380 7 A5 B M 5 B A 4 A 1R S0, H ) ) o ] (Y
AARUEE TG . S T 2T &R AR SUE B AR SO ok B BiL-
STM iy [ s AR 4% Attention 1 1y 7 203k 15 1 UM M A, »
T AR R VE B AR AR A VR AR B AL, IR — DR SR p
HBA o AL BIRGE R BEA, . 55 R 1 7 H FIAGE
A ASIBZE GCNs o, 15 3 T 38 2 NG SCFRIE G, B
RFERKXTF

A" =softmax(W,H * (W,H)") (€]

AP =D TAD 7) ©
A =pAen A= pAg. (10)

Structure of JESF model

gl =relu(AR,W,,) an

gi=reluA,g!W,,) 12>

LA R AR VRO IO B A L A= A O AT A )
D2 AN IS £ 13 46 1

AR LK 8 A R RN S5 R A AR X N S R A T (x,
BRI R A | 38 S R R R ) A R AR A R U kRS,
oo BRI Ay A ) o 8 A = R0 o D50 08 47 T A R0
o 2 X B A A S TR AT AL A5 BRI A R IA W .

O, =reluW.[t; ;5,58 35m]+b) (13)

v, = softmax(W,0, +b,) (14)

AR SCEERL B 2% 2] 3 MR % Z A i 5 &, DA 42 T
R (P RE . AS SO 51 2R SR AN -

n—1
L) = =25 log Pyt [ 0)+log P(y1 [0)) —

1 m*k‘ 1
2 logP(y, |® (15)

m*k /=
o, 0 MR A 22 S S Hn N A TR E ,m Ak
BRI R 2 B B AR IR A E
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5 s PEAT SRR R .
(2)PESF, ZMRE Je 47 F AF R 0 B 4 o647 1R
5.1 LWRIEREE P T3 = SR U O R AT T A R,
i T H i R A FactBank i RHESRTE T SCAEH LIS — AR, T L R IR IR G T Y 22 5 AR SRR
FAFE R FAEAE B A SC{UTE FactBank B AR5 S AHTE R BRBIEA

ARIE SR T /Rl {5 B, 28 B A 3 SCB I 48 FactBank,
Meantime, UW, UDS-TH2 &4} _E ¥ 5% 76 B IA U5 CRD SCA f:
FO T R E BRI RE . B TR A B0 A 09 AR vE O X
N AR SORE A 2 i ﬁTM@ iy ANk 1 pra, % 2
H) T BN B B A AR L 3 3 8 T B AR A il 43 (L
J& FactBank, Meantime, UW 1 UDS-IH2 I #5 # /Y train/
dev/test X143 .

F 2 BIREMGIT
Tabel 2 Statistics of datasets
& B E FHE  CT—  PS— Uu PS+  CT+
AT A R 446 79 4658 578 8152
FactBank AR 206 19 3674 198 5664
o 240 60 984 380 2488
MeanTime AR 26 1 42 67 1259
uw AR 159 430 416 3957 8682
UDS-TH2 B R 1711 7992 876 10517 6193
3 BT RS T
Tabel 3 Data statistics under default source
. Train Dev Test
&R E
E Al F E 4l F E A F
FactBank 6636 2162 2462 795 663 222
Meantime 1012 347 195 87 188 77
uw 9422 2963 3358 1074 864 274
UDS-1H2 22108 12543 2642 2002 2539 2077

ASCH Y BERT i8] [n] g 45 8 o0 768, 10 P ] 4 AR A7 ] i
DA K ia] BRI (] B 4E 15 2 R 300, dropout HE ] 2h 0. 3, batch K
/A 8, BILSTM #Y it 4k B & 300, GCN ) i Hh 4k J& b >R
300, HAN AR AZE S F A 0.0003 19 Adam I 1k 2% 18 1k
55 s B R, e b AR SR F (AR O Al B R R
SIS TR R R IT N 4R AR . 5 Qian ZETRT Cao 55
— A 3Cfd ] Micro-F1 Hl Macro-F1 1E 2y fiif & 25 {2 n] {5
LRI RE A PE A 46 A
5.2 HE#R
5.2.1 AT AREBEFEMHRGFESETREERANER

(1) Cao™ , MM i Cao %5 42 H A9 — 4 o 21 35 1Y
A AT AE B PRI AR A LS I L R R 2R R ) S A
XfEH, Mg — AT BILSTM Ml GCN Y IR & 5 1

F4 F RN TE SR R AR R RS

5.2.2 A TEGNR 6 F4H TS E RS AR

1 E A i 0 A0 b BRUCIR (1 = R R A
SEFFT R T AT AR S b T R AT T
PRI B 95 ¥ AR SCH (T 2 T BILSTM i £2 3k 7 2% S HL il 0
AL AR 3 = A R A HO 8 A7 = AR R0, 22 5 i B3R F AR
TS 2R v 5 B AR AT IR

(D L-BILSTM™, fifi i # 28 %1 £6 ¥ LSTM X A F it
FT 9T o 22 Ji 38 2 2 (4 B3] 2 5 30 47 28 1 A B U

(2)H-BILSTM"® , fif F A% 2000 2k M LSTM Ak 20
[a] #4 4% # LSTM (Stacked Bidirectional Tree LSTM, T-bil-
STMD IR AR N 4] F 3847 40 5, 22 ) 38 ok 25 0 19 20 3R] 4 75
HEAT A T A5 BE R

(3)Veyseh™ , fii i BERT X‘J/j%L'/ﬁ‘fﬁ@l 2 J5
T GCNs MR 25 11 7l 45 B2 BEAT IR0 . BB A AU 25 & 1
SCRAT AR B

(4)Jiang'®
L-BiLSTM %1,

(5)PEF, SeilbA7 U, 1 F 47 T 45 B R, 1A 4
SR AR SCASE TR LAl P S TR A S AT A B RN 1 e R AR T

(6)JEF. [fl B 47 5 {4 35050 1 = 44 T 4 B 48U 2 AR 3¢

50D {2 R S R S R T R R R BB AL, B BR R

A5 TR T G R R 4
5.3 Lo
5.3.1 AT RBFMHRTTEENLERSMN

M 4 TTLUE 5 Cao %42 (A HUA HE , A SCAE AL g
5 5 AR T 25 A 2 B0 ST 8 PR RE L R R B F1 {A (Macro-
F1)A KR B4 F, 32 R 8 A BERT F i 5 2 RE1E 18] )
AR SR T W IS U S I B3 T AL AR A7
AL AR HE A GCNs B 28 RE A % il 42 2k & A L 35 0 S
TR LA B =R 44 7T {5 B =2 18] 19 56 &R L BRI I i A5 Y 8 0% A5 k4R T
PS+ . CT— SR Ria T E F FH M n PERE . 48 5 b . A 3R
AL R PS— SRR o, FEIFHEFE T PS— A
ARG I ZREM 0. 63% MM IXENH 4 4 PS—#+

o ffi ] BERT #E47 Al {5 B R 3], BE AL &5 4 55

A IF B PS— 52 SCA HOR B E 5 SR A E 5 S 3k R R e
A5 TR R 50 TR
45 B (FactBank)

Tabel 4 Results of event factuality identification considering different event sources on FactBank

A BHIE CT+ Uu CT— PS+ PS— Mcro-F1 Macro-F1
All 63.63 59.01 33.42 26.63 0. 00 60.00 36.54
Cao AUTHOR 70.97 64.98 38.59 31.09 0.00 67.37 41.13
Other Source 43.62 23.63 28.03 21.52 0.00 37.04 23.36
All 65. 26 62.98 54.55 38.81 0. 00 63.03 44.32
PESF AUTHOR 76.02 69.19 51.61 44, 44 0.00 72.35 48.25
Other Source 41.14 37.25 57.14 35.00 0.00 40.75 34.11
All 66. 83 66.79 54.55 40.63 0. 00 65. 34 45.76
JESF AUTHOR 76.83 71.96 60. 00 48.00 0.00 74.22 51.36
Other Source 45.84 42.86 50. 00 35.90 0.00 44.60 34.92
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5 AU RERINUR 04 3 1R AT A5 B U 2
Tabel 5 Result of event factuality identification under default source
o FactBank Meantime Uw UDS-TH2
Micro-F1 Macro-F1 Micro-F1 Macro-F1 Micro-F1 Macro-F1 Micro-F1 Macro -F1

L-biLSTM 63.03 38.32 75.57 24. 81 63.28 34.33 49.67 33.39
H-biLSTM 62.89 38.08 73.21 22.87 62.73 31.31 47.78 37.15
Veyseh 68.77 41.98 77.98 16. 47 67.77 37.06 54.46 35.39
Jiang 70. 14 32.95 78.38 16.62 65.78 37.79 53.17 34.55
PEF 72.74 47.23 78.92 28. 60 68. 20 40.53 58.93 38.03
JEF 73.21 47.36 78.87 29. 85 69. 32 40.97 60. 00 40.99
JESF 74.14 50. 48 80. 42 30.93 69.93 42.60 61.30 43.32

PESF #1 JESF 4 [, 7] LR 20 3 B 25 1T 55 iR A, &8 B
MR 2 o A R AR 22, B b — AR S5 S5 R ¥ T — (L5 g R ™
AR BRIRASE A PESF 7 2050 e ¢ 000 L 5 4 IR U S L B
T 25 7 AR AR I S T 15 2, i R IG5 A R0 ] DL A 25 b st i %
IRIR 2% . JESF BAURUR () £ 5 2 W, A SCff FH 9 Bk & 1 2 g
B A7 200 Hb Tl A = R L VR R A R A R 5
5.3.2 A THINETTAZEGERSH

5 L-BiLSTM, H-BiLSTM #f tt., PEF ¥ f# °F ¥ ( Micro-
F1) #1233 (Macro-F1) $ 25 $2 Ft . 32 2 J5 PR 78 F 4 SO ff
T HT BERT i) [ 4, JF H A 1] GCNs i 4k f) i 45 B . *F
It Veyseh 45 Jiang %48 H A9 87, PEF MR R T 4, 3% 2 W
A% SCHRE I S T B T ML FAR A D A 1 GCNs e fi%
A RO SCA B AR R SUE B T HBR A R IR R R
1] (“not”“maybe”“ possible” %) ¢ AiF . 7] A {3 & 77 AL il 38 i
Xof B RRAE BEAT AR . AT IRCD T OO0 E B TR,

JEF 5 PEF B# 9 %F b, 0 R 7 T H T ASE 78 i1 1 6 A% Y
BN IR] . RS 28 E Al T ) 155 490 T R R A 8 1) 235 5 (S 44K ot

TN S5 5 TR I R 15R 25 5 /0N TR A5 A R R R IR A Y
WIZCRME AR K, JEF SR OR580, R 8 T F R0
B T2 n] A BRI

T e R 28 BSOS XA BRI T AR AR {8 1 =R 1
TR BB i JESF # Lk JEF B8 A9 3UR A B 48 T+, 4 Sk
SRS B AN T TR AR 7E DI 20 B e TG Mg n T
A A5 BE TR A B i R 0 R = O UG AR bR R R
2 I HIMAT FH AR IRAS B A B 48 85 4 st P51 0 T
15 B2, AT 42 FHEE AL MR BE
5.3.3 FH FEHRGLERSM

X T AR AR 32U ] CNN R BILSTM 4§ L
RERYPEAT 200 AR 6 (Y525 25 2, PEF W] .4k T CNN #l
BiLSTM, % J& B 2 CNN # B A% 2 S04/ #45 B . i Bil-
STM $EILAYJE 1R SUF B, 76 48 IUZ T BE 95 58 47 4t 47l 3K ¢ 14
EE . IMAZLEZNGIE, SRR 4 i AR B AE L.
PASE PR RRAE HEAT R 3R . IRk, AR S0 R 2 F BILSTM
T 22 3k 2 0 LT AR AL AT T AE U

# 6 AUH BN Y AP

Tabel 6 Result of event identification under default source
Factbank Meantime Uw UDS-TH2
P R F P R F P R F P R F
CNN 83.98 78.28 81.03 83.94 86.17 85. 04 80.52 86.57 83. 44 92.77 95.08 93.91
LSTM 86. 37 79. 34 82.70 86.59 82.45 84.47 85.40 85.30 85.35 96. 70 95. 83 96. 26
PEF 87.70 80. 69 84.05 88.05 91.28 89. 64 85.76 87.15 86. 45 97.18 97.56 97.37
JEF 84.29 84.16 84.23 93.97 85.78 89.69 85.29 85.88 85.58 95. 64 96.73 96. 18
JESF 82.90 86.27 84.55 93. 30 89. 45 91.33 84.98 87.73 86. 33 96. 05 96.77 96.41
MFE 6 thyIx & BEA PEF AR EXBE R JEF (9 14 6g AT LA 2T FHIEORF G IR G0 A U A IR ) 2 R
F L b EBE BB L JER 35038 9 09 3 e PEF 9 %% Tabel 7 Results of event identification and event source identification

RAf B PEF AR 22, X J& i T PEF 2 4£F X 35 4 151
1155 047 1, W 35 K00 B2 00 389, 4SS 78 4 9 21 T VR 2 IR0 4
PB4, R JEF B H AL B0 T, AR )
A4 PEF,

M 7 iyl AR SRS FE H Cao G545 H Al A 1Y 1
12,3800 AR FOE R T 11, 29% ., EEIEK
FEF S 0 R — 2 i) A ] ) A B SR R TR — 38 B ] R B
T SR TR] 1 1) 58, AR 305 1A TR P A i) SRR [l RO ff e, n
) 3—151 5,41 3 A watch” 23R, B AW, M
Bl 4 g watch” A & 4R, Bl & 4, B R 2 F R,

i 5, “ watching” J& ¥ 4, 1 J&L ¥ /& “ watch”, B 4 “
M7, 53 —B.

considering different event sources

=R A EERA P
r R F r R F
Cao 81.95 82. 20 82.08 83.33 73.88 78.32
PESF 87.70 80. 69 84.05 92.25 84.18 88.03
JESF 83.28 85.67 84. 46 90. 69 88.55 89.61

HE G JESF A L, SR IAC R PESFE X 54 L 4 5
TR 0 B B A v o AR 3 T B A I, k2 ph T B A 4
PECFE AR BT ISR, 0 T B & B 4 H R e
HEAT BT Mo YR . IOk A A5 A0 D) A7 B o 1 R SRR T AR A
2B I A5 TR B A A 4K B0 BT 22 R AT DA T 1 DR TR AR S 1 R
B SE 0 A WE ER [ B BB A R 2 ) Al A A
P o o F 1 = R 3 1% A O 28 R T A T REAIG
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5] 3 Police kept watch outside and about 25 undercover % 8 I T FactBank | ¥/ flt 32 56 49 45 5 . 78 298] Fon F o

police were scattered throughout the crowd. (275 7 4 i #F 47
WEHL, K2 25 2 b & 484 B A RE T o)

il 4 This could cause significant harm to watch produ-
cers in the United States and the Virgin Islands. (GX 7] & %} 3%
I T2 IR s R 0 1) T 3 AR 7 R R L R

1 5
TE M ML BEAE
5.4 HREAXLE

T VPGS R AR e A5 AL Y DT MK L AR SCHEAT T I SR

Police have been watching the suspect. (5 — H

AT ARAF 5% 22 R B 4535 35 2 AT R D T s B i A9
BEXFRR, BREATPRRIERNT A THRESEER,
4 B SCE R T R B T R R AR R R
PRBL T B3] 7 ) 5 R A S5 4 Tl TR T AR B B ) JUAR 1Y i S
fRE . A SR 5 2R MR 2R3 %8 T A B F 3008
P LI P S

LU 25 AR WY Al AT 55 R A JROE A5 SR R AT e
5 A 00 v AR L S R R LA R T R R B R
WOR

78 T FactBank 7Y gl 52 56

Tabel 8 Ablation experiment on FactBank

R = 1R 5 = R AR 5 FT KR

P R F P R F Micro-F1 Macro-F1
JESF 83.28 85.67 84. 46 90. 69 88. 55 89.61 65. 34 45,76
- MR 81.42 84. 62 82.99 86.75 88.22 87.48 62.96 43,04
KB FAEE  84.25 83.11 83. 69 88. 38 84.51 86. 40 62.46 41.06
AR E 84.40 77.53 80. 82 87.93 85. 86 86. 88 60. 03 45.53
-BERT 83. 86 76.77 80. 16 88.77 85.19 86. 94 58. 82 37.61
-GCNs 85.53 81.15 83.28 87.07 86. 20 86.63 62.50 43.91
-BiLSTM 84.77 81.45 83.08 86. 81 84.18 85.47 60. 70 12,78

M T BERT S8 P58 , A SO BERT X 41 47
Gty , 25 R i BERT X /8] F 4 £ nf DL A 250 4 T A A
HRE .

BT BERT A2 &I T B 3 2 /11 Transfor-

er  H i 554k T 0 E AR B 1 5 B FE T AE
BEIR B AL B AR BT AR B L EE A, Hn, 7 i)
“not” FEF M HI S X F I m bR AR A, Ok, A
SO BILSTM $ili 38 ] F (9 3 SRR L S0 25 RAE W] T BiL-
STM 1E % 2] Fp 5 AL R A 5 T 09 A 5

{5 6 Bush denied that he had been arrested. (£ {175 1A
(UREZE [ E/ N0

Xf 350 ) F 10 45 0 L B8 4 ke DA ) A 2R R I 5 R R
B ARRS O 0, BB TE A R BN R R R R H 2
TERIEE R T R R R RIS PR B B . an s 6. ZF 1 “arrested”
7545 € 1 “ denied”WAE T . S FIfE LN CT—, FESCA
“denied” 5 Z M “arrested” 7 — E FH B . TEAKAF AT B (I
& 4>, 75 22 1 “ denied” 5 F5 4 “arrested” BL 4% A1 3% , 4] 1t ff HH
MRAEHE [ ] DL A0 A HE ) R AE L R Bl TR AR A R P
BRI CR,

ROOT

l root

denied

nsubj

ccqmp punct

arrested

Bush

that had

P4 6 B ARAF A R

Fig. 4 Dependency syntax tree of example 6

P 5 A5 6 X R 4 A T I L R AT Ak AR T A

T SCHE B A B Y Bl A ) 9 R M T L 2 > B A A kA
SRR S BRI Bush” FI 30 4 “arrested” 2 [H] (1 {7 & 2
05 % 4 A denied ” B 45 2 o BY . Bl ATE SCHE RS L AT RLK
I denied” F1 “arrested” L J “Bush” W5 B§ 2 [8] & A 3 K 1) 4L
L E— 2B IR T AR R W AR L R
AT LA SR R B 2 A o AR R B S R R R T SRR
T SCHL I 2258 softmax B i AL, FRAT T A [l B =2 1] Y 5C
BEAS4) . B “Bush” X} F “arrested” fl “arrested” X} F “Bush”
JTEBEAR A AR 3R B R A L) 7 oh AR 2 TR A DG R
M o D 0 92 R R O SRR A S A AL 9 GCN's R %% 2]
B 2 BURFAE AT BE — 20 48 TR CR

AUTHOR 0
DUMMY

GEN 08
Bush

denied 06
that

he 04
had

been 02

arrested

O (g™ o o W (B P
?’0«\’;) SN =

P56 X A AS T A I

Fig.5 Corresponding weight matrix of example 6

IR S
AT EE X FactBank bR [7] AR T 89204 7] {5 2 247
R .

Xt T HAFR L7943 % R B RO AAFEZ AR, HE
BRRTET AL D H R A T E L IR E5H . IF B
AFAE AR AH [R) 1R SCAS TR] A4 1 0 CUm gl 3461 4, 3 1 45 A5 24 31
) <A o R

XS TR S8 DR ) e A T AR B LK)
W PR AN X A T S B — R A A5 Rl
N A B DG =N S S e o - i S 17

5.5
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“Kopp” X “leave” & KB H 15 . M “Kopp” A & FH 14 .

#5117 Kopp may leave Paris,said Freeh. (3 B3t . B} 3 7]
REBAEED

XoF T AT A5 R S 0 T AR 1 O R ) e R
FECFE A E RN, BRI R R R,
FH AR B BRI AR, 62. 63 % 45 R K B F CT+ M Uu
P TRV TR 5 TR0 A8 R ) I PRI 32 R AN (] A U X (] — 4
FEARNFE AR, ) 2, % T 5 48 I8~ police” Ml SC A VR 35, 5 A
“caught” 7] {5 B CT + M Uu, 7EH) 8 i, 4 T 3 11 I
“watchmaker” Fl 3L & 1E %, 2 “made” i W] 15 B 4 H
“CTAH7, ey ) W — A 35 2 7 PRk — > % WL 5 9208 2 7 i iR
HEA IR B H 5 RO A CT A Ua B3R

1 8  The watchmaker tried to repair the pocket watch
that was made in the early 1870s. (4 2 I iX FI1&F 19 {240
70 AR RS R R O

GEWAE ARSCERI T — i A s ) o S R T A5 B R )
F 1A 8 TESF , A 0 ] L JR] B3 40 2% 18 3R U6 2%
e A IR B SR BRI S . Bk L JESE il — 4>
BERT Xt /8] F-#E A7 4 55, 3500 A 18] Pk ) 42 K A7 26 &R () 42 L 1)
JEI 1) 5, T B A R SRR, IR BILSTM 4 3k
AT 1 F AL T SCREAE s LR i ] 22 Sk T B P 2% > S
REAE , FEAT SRR AR U5, T 22 Sk 1 B 0 ML R AE Sl DL SR
FRAE AT SR 5 5 T GCNs 3 2 7 19 ) 15 T 0
SCREAE (8 1 22 3k 2 3 00 AL 40l 3 0 7 A 3 SCREAE , Jf Al A 3
PRV PR AR AT SR AT AE BE U] . IR A5 IR R L A S
2 1 B0 TESF #5817 o 21 3ty 55 2 7 05 B UM 55 b i 1 RE A
T A L HE

Al AR O S b L RO B S P A A R R X /b 2 )
P ECIE IR I BOCR A, B H AT AT E BE IR J7 1 A 55 R DL
A G ] AN S A7 1 20 5 B A 2R SR A AR AR AE L o 2 ROk
TAEM FZE I,

2 % X M
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