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Figure 1 Sentence-level event graph
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Figure 2 Sentence-level event polygon
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[0 FH ) 1000 X6 4 DA S0 B FH R % 45 3 R AR DR B P B EL, 80 T 1) 1000 X A 9l ik 4.

AR HERZR Py AR R AT F1AEAE PG R AE RIS A SRR A PERE.

AERRER P AR IR A LA R S [ X (B, SRR S B BT A AR SR e o PR A B A

AEIE R, R5 AT I AAR ST T S H, -5 S [ X A B Bl
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3.2 HUIBRELLIE

P EHE £ P I HT AR FH G 7RV Tl R 2t 2 S 55 B R Ot R IE & R & LTP
HEAT i 24 SEARAR A ARAF AL AT [31], {# F Stanford University TR WIVE S o M as b AT B g5 i) A vk
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Figure 5 (Color online) One example of passage-level event connection graph
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3.4 REREHEXERITESREG SR
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1) http://kuaibao.qq.com/s/20170722CO5FBMOO0.
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Figure 6 (Color online) Performance graph on different selecting proportions of sentences
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HE 6 AT, FEANFITEREE T (AR A5 B 20 ER . N TR, HrEReth 2k L1/
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Figure 7 (Color online) Performance graph on different selecting numbers of words
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P/ NI R S b, AU BB E R ISR Gt R I TS HON S, SR T s 5 b
[FERAEEE ) 1000 X SCAK 7732 R I S B0, 2 J5 R A3 2 058 S B0k F 5 SCAR (R R AH G

53 RTTEAPINGIEFEE (ZJEH) 2 FOCARMIKEETHEITE). Ml BBl gais 5 548, 5
U1 BERT, 7E1R 2 HAME S BT S EAGER T 3t A0k 5e. Fu i XU TE bR 25 U 2R3 AR
JE W 4% BE 5N K T 25 SOAS HH IRV B0 SR B0 AR B A B S 52 Y, Uk, 7EIR 2 R 5%
BIRAR T BT R RE . AN SRS TN SR AR AR T vk 2 —, DI B T VAR R A SR 1 X
P I SR8 F 10 TN B 2 AT 300, TR R R SR E B e 8 538 AR B e T T SR A
ANABE R R (512 ANEa]), 1A SCR FH BIE R IC 10 2 AR I SO 73 S8 BHE 2 N TR /N AR
BRI R K OR, KERZ KT 512 A H. Ak, AR SCRAESIE N7, @ OKERN 512 (B
—A> [CLS] #52%). R 3 & KB XA SR %, B PR SCRSA P A Q, SRS P i,
FFWEEE O, B P AR m NE L, 250K m ANE DR RS DX R [CLS] ARZEAE N 2410 &
KRR, SRIEH A & H I [CLS] R sRFIE N ORI R R, SO Q R RIFER 7. 25 H)
=442 2 DLSOR P ISR Q IR BIPHEAE RN, FERIH softmax FRA M SCRY 2 ] AH 5%
FEHUA.

54 BINENEET SR 77 (BJa 0 3 MO IR EETHE ITE). SCH T A% O AE T Hl
REM AR S E RN A) . FSE b, FRATH AT DK ST A N SCAR AR, SR 5 TS0 ) 2 [ (/) AH
RIENENSCARZ B IARICRE. Sith, AR SCIEFRE 1 AH . 1) SCH e B MO [ SCAS HR O 7). il T
YRR AR T RE B, B e AR S O B SOAR [R] PRI AH O B2 A AT A S Bl ik,
ARSI B SCR AR LTP 38 5 HoRF 6 20 2545 A J5 , K R B B VR MR AE, R A X
REAE T SCARS 1) B A F5 SR FH AR 5 AR AL SR T H B ST AR 2 [ AR A G B

F 1~3 FAF B T ARSI AR BIR 3 BITVERIN L SLIR g5 . EF XK 2 A1 3 A IR
RT3 R T SO R 0T L 7925, AT 1A FH FEAE 0T B2 v SO (0 T AR R e AT .

ETa80 — SRS AR E IS —— TF/IDF. XFRIER s = LTP 3HT
gyl £, DO RNATE R R 2, X6 1] 2 o R g — AN, SR ] A T R R e 85
R, 43 B — B FAERE. WA - WSO P M EA W

P, ;= Zfz;” x log % (7)
H, ng; NIAE @ FERE § S HEBLIREL () AIEE @ RN ERE LR RS, N OB R
JE R SCRS RSB R — e B ) R AR BRI — 08 ORI R BN AT HEY, BURT 10 AN 4
FE A, THE R SO A S A I B A RE S, 4 54 5 ek s 00 4 s SRS AL %, (2 A
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BT — B R R RLBUENXAEXEITE TF /IDF+Cosine. 7£X} HES25
—HREL T AL BRI — 8 SCRATR HE AT B AR A S, TS R ORI AN A A 1 R
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Table 1 Results of different unsupervised methods®

Method Data set P (%) R (%) F1
Sogou 84.67 55.43 0.67

TF/IDF ByteDance 81.66 55.91 0.65
Mannual 50.79 10.66 0.17

Sogou 83.37 21.77 0.35

TF/IDF+Cosine ByteDance 79.44 20.59 0.32
Mannual 77.88 2.66 0.05

Sogou 84.44 64.33 0.73

TF+Cosine ByteDance 82.17 65.12 0.73
Mannual 63.43 38.01 0.42

Sogou 85.29 68.25 0.76

MI+Cosine ByteDance 83.71 66.73 0.74
Mannual 69.36 35.18 0.46

Sogou 86.45 66.29 0.75

WS+Cosine ByteDance 86.41 65.11 0.74
Mannual 70.41 33.97 0.45

Sogou 87.25 63.33 0.73

FE+Cosine ByteDance 86.31 59.28 0.70
Mannual 74.67 17.26 0.28

Sogou 84.67 78.52 0.81

TR+Cosine ByteDance 82.79 77.31 0.80
Mannual 67.13 46.13 0.54

Sogou 81.22 72.19 0.76

EN+Graph ByteDance 77.65 73.15 0.75
Mannual 33.15 42.67 0.37
Sogou 86.54 79.29 0.83
Ours ByteDance 85.77 76.26 0.81
Mannual 75.89 43.97 0.56

a) The value of black bold indicates the maximum value per column.

P 4 2 8] PR 1) B PR AR S ARALLE , R T R ADURE SRAT = BT S O v L AR, 5 THSR S SR T B
NAR, AR,

E TR KZBE NS AERETE —— TF+Cosine. X SRS ] 1 1 HEGRUR /)N H
REVINERY, SEBCHHEAATERT 20% FTRIAE g QB R]. 5P R SRS R R P 19 A 10 B v RO T T T 2
(1) 3R] i P AR SR AR ALURE , K5 BT A ARVCLRE SRS BT S R 1 B B, A T 54 SRR T B N 9 5%,
RZ AR,

ETERFEBRRRZMBOERNABRXETHE —— MI+Cosine. XIS HEMAE TR E
F R, IR AR SR/ R BNE, SRIBCEHEAA AERT 20% (344 ] 46 . V1 5P SORS XS I 1
P93 TR 5 1 e IR 8 P P 8] R3] T AR SR A AL, K P A BB SR BT S (B L B AR,
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Table 2 Results of different supervised methods®

Method Data set P (%) R (%) F1
Sogou 84.24 78.15 0.81

MwAN ByteDance 84.56 75.93 0.80
Mannual 73.25 30.34 0.43

Sogou 88.57 76.83 0.82
DIIN ByteDance 85.36 77.22 0.82
Mannual 76.15 33.57 0.47
Sogou 87.82 78.44 0.84

DRCN ByteDance 84.51 76.78 0.81
Mannual 71.44 38.67 0.50

Sogou 86.54 79.29 0.83

Ours ByteDance 85.77 76.26 0.81
Mannual 75.89 43.97 0.56

a) The value of black bold indicates the maximum value per column.

* 3 FEMNTNGREENINEER

Table 3 Results of different pre-training methods®

Method Data set P (%) R (%) F1
Sogou 86.79 83.28 0.85

BERT ByteDance 86.33 76.29 0.81
Mannual 74.29 37.68 0.50
Sogou 93.78 82.88 0.88
BERT-wwm ByteDance 92.13 78.89 0.85
Mannual 77.29 39.17 0.52

Sogou 86.54 79.29 0.83

Ours ByteDance 85.77 76.26 0.81
Mannual 75.89 43.97 0.56

a) The value of black bold indicates the maximum value per column.

THREE R KT RE N AR, R AR

ETABEERAZEMENIABEXETE WS+Cosine. X SCESH 11 1 4% Bl i) 15 5 K
N REVNEER, WS TR VA S IOCER [33], SR HERETT 20% BRI BRI ES . THEH R
SCARASK L AR A 1] A r ] 5 A 7R 2 T 94 1) v B ) AR S AR BARE 4 B ARBL R SR AN 5 B S4B 9 %
BEA, B EERRKTBHENCNER, R XK.

ETHETRREREZBIMENXAERXEITE —— FE+Cosine. A SO A B R1E TH A A
TF/IDF {8 HAS S WEEE 4 MEbR, ARV TAHFERECE. K4 4 MEFRE ISR AIE &
AN TE B A3 . # B KRBV NHE T, SRR HERLERT 20% BIRIM BORSE A . T 5 e SCRY R R
(1 8 A ) A v P T 3 A A TR D ] [ 1 AR SE AR AL, K BT ARV BLRE SRR B 4018 15 A
LT ESGR KT BENAER, RZ AR,

ET TextRank BAZHEINERXAEXEITE —— TR+Cosine. {# TextRank Hikxf
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A e A9 R TR A AT TR 0 SRS v R 4 B R BN HEFE, SRR HEA FERT 20% B1E
JRCRI S B B R SR X I ) 7 ] B e PR TRV TR T 2 T T 1 P AR SR AR AL, K T A AR
SR G BCP B 3 B BE, #HESE KT BE N A G, R AR,

ETUEHATANEBRENXAHEXENTE —— EN+Graph. %0 SR 5 AR HIN T
AR . DRI 0 A) R S g E (VAR TR E A E R i — A
), AP A A v A A 1] B AR SR ALLBE 5 A v BT i 44 SR P P 2 T) R AR SE AR ABURE 2 R ~F- )
AR N1 ARACARE . 3515 OB R T B, JUPHRE 59 mE e e, 75 I PR AN 5 RORE LS. ) el
J K] TextRank THAEREAN T A5 (AL H42 FEOBUER E R B/NHERE . 43 B E 6 i SO HR AL HEZE T 3
IR 5 A, K T AT b 5 R RO SRR 2% 0 SCR AR TSR0 o ST XS L P 7 4]
B v B U] 1 R T ) ) ] ) R ) AR S ARABAEE, K BT LU SR 5 P BB R B B B, A v B4
RRT BIEN AR, R AR,

ETFSBIENNFINCABEXETE —— MwAN B 3205908 50 0 75 Bt SR 5
(TP R SRS AN ZIAN R 1) LSTM Hp, 2 Ji5 >R 4 B xQot S5 s SRS 1R Ry 3 0. 1 B = )
HESHEGIET 2 ZE LSTM J5 BRI 3RS ORI SR R, M HE 0T 7R R 08 1R I b @ A SRS 2 A
WA N, BGHIH softmax JZEHEAT 4338 RV AT SRAG Y s SCRY B9 AR DG BEARL. K4 A AH QB2 4B SR A 5 Y
FIE IR EBRME, AR R KT BUEN AR, AR,

ETXENXABEETE —— DIIN B, %5955 %68 Bi-LSTM X6 A\ (1 7 g S A% gk
AT AL, SR JE IR UOR N SO rh (R3] R #EAT AR DRI R A S BAG BTk &, B CNN X 3k4%
Tk BEAT 5 BRI LAy 0045 2 P R SORS R B, B [ RERI ] softmax JEHEAT 702 LIRS PI R
SCRYFRIAR DR EEAR. ¥ P A AR R FEAE SRR OB I B B RME, 545 R T BUENIAARG, ez N
AHEK.

HETBNHIXAHEXETE —— DRCN B, %751 Je 31550 (10 W 5 SCRY Fim] [ RN
Foor, SRIE R BEERINLEI S RNN X SCRYBEAT IR N TE D RN, RN A% 2 SRAF K
R BT T 5 SR SCBE V. S, ZONETE RIS 4 5 SN T — A B Y S 88 ok 4 )
B, U A ) TR AR A SR BE UROR. R I RIR I softmax 43282 DLIRAS P e SO B AH DG
1B ¥ BT AH G B2 AR R AN S BT MM 1 B B, B v R R T BUE W ARG, R AR,

FROER R TIZIES A —— BERT (Chinese) 7). BERT-base (Chinese) & Google /A ]
R ST R SHE 5 K A ) TE bR U1 R B8 R 2 0 4% B i K T 2 S A i v
BB SR AR B B S M W, IR 2 T TS E3R1E TR TERE. S IRATRE X I 207
RN, ASCR T BN & DRSO, SRR E DN SR R BUN R IR, P i BUR s BT
VR R, 25, BHR SRR R PHE G 2EH 2, BRI softmax PLIRAF PR TR 2
()RR K FEEARL. ¥ B AR G BEABLSROR S BCP- A v B M, T34 ROR T BUE ARG, )2 A
FHOK.

ET 217 mask BPTI)IZIESEE —— BERT-wwm (Chinese) P81, BERT-wwm (Chi-
nese) J& M /R LMV R 22 TH KIS 80 = R AT (1 SCTRIN ZRA AL, i AL T BERT #5E4Y ) (B2 7E
Ry eh s T A S A, T AR SRR BERT-wwm % AF1 BERT /& —RER, B4 %S¢
R A3 AR R F RIRE 7 . 25 RE B S H0 mT Lk, SR F I OISR L 2400 base BRUAS.

HETFRTEHXAHELEITE —— Extract B9, Z777EF A Bi-LSTM A& 6 i N SRS Al 41
TREAT IS, CEGmbD I 15 B T A RS AS T AR R i i ) 12 75w AR SO IR — 4. )1 R 4
T BEAT SN JEE RSO FROR, FEAVE) TR AT PR DU ) 7 I R iR 19 2 R SO (E B IR R A 4
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Rt AR SO ), JRIRIP IR Lk £ T — )3T 7, B R FRISL.

EF I HENSIBSCAEEEITE —— SWAP-NET U, %757 R R F o 31 5 1) S A A AL 242
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FHIETT S8V B AR R R .

M 1 AT, FEBCE R BE T, A SR T A b S 4 B AT TARVE RO EE 4 L 23R45 70
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AR B e gh 5. o) X b 1 @id TF/IDF (BRI T 5% 30 8 STk K 035 T, {H 2 X Fh
DA T S A TR B SRR, SR 1R TR AT BE A R A U B B A i AT S Ak 3], RIS R A
BRI, 72 PR Bt 220, DRI e 77 1 BOAERR 2R A (B 3R B, XTI 2~7 FEHR I
B B LA GIN T AR SZARURE, I REWEAE — B R B2 b B et T ARBL R 1 T 5 P S A S
ERMETNET 2 T FrA AT RERIRN, Mol N7 RERERAE. XTHITVE 8 REM TR I BUE & = i F A+,
(BRI S SA  77 2Ci ToRURL RS, 5 Bl 68 F) — S s ), JFG o — s i ) S B A PR A o v £
FAARER R A BEIRAG T, S — AT AR A B PR R GUUR , XA T AR 45 s
S ) T RS AT R R R RO S, SO I AR AR T A SR T X A
Ui B, AR SCHR HY 0 77 VR B T ) S DR B ) T SR R R, R 4 T 8 st S E T R B A A A
AFAF AR &, B S S B 1A T8 REWE A i = R AR iR, RIS 3 1 B 0 e 2 2 S o
AR

H 2 AT, AR ST B SCAAR O PV BT IRAEHE T SO G SR bR R 56 1A 1R e 1Y)
THERRIRCR, B RAE N THMER B b, AR R3S 1 & T B Bkt g, 3L
JRRE T, AL GEHA B SO G TH R T 8 fe 2 T 0] T4 i), e N2 AN 6] 1 (I v 4)),
SR I A o e 8 [ 24 At R A T G i ) T 0. SRR IR TR R E 1 @A) 1 RORLEE FIVR B, A

SO T WSO R ARG S5 . Bldn, KA T VER NS SRR R A) T @285, W DRCN,
AT TH 25 SRR T A I S AR Y (1) 70 AR, AEDOR T SO, ) 7 PR K P A R HL 7 5 1) 5
SCHAISTEE R, XA 15 PR ST A) 7 B T iR 1R IR A) F IR FE R, T 2R T AH S B
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Table 4 Results of different abstract extraction based methods®

Method Data set P (%) R (%) F1
Sogou 85.13 78.46 0.82

Extract ByteDance 83.81 77.59 0.81
Mannual 74.31 33.26 0.46

Sogou 83.15 76.11 0.79

NEUSUM ByteDance 82.55 75.31 0.79
Mannual 75.44 36.48 0.49
Sogou 86.59 79.37 0.83

SWAP-NET ByteDance 85.67 75.93 0.81
Mannual 74.64 39.50 0.52

Sogou 86.54 79.19 0.83
Ours ByteDance 85.77 76.16 0.81
Mannual 75.89 43.97 0.56

a) The value of black bold indicates the maximum value per column.
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Text correlation calculation based on passage-level event repre-
sentation

Ming LIUY2, Zihao ZHENG!, Bing QIN'2", Yitong LIU® & Yang LI®

1. School of Computer Science and Technology, Harbin Institute of Technology, Harbin 150001, China;
2. PENG CHENG Laboratory, Shenzhen 518066, China;

3. Tencent Technology (Beijing) Co., Ltd., Beijing 100193, China

* Corresponding author. E-mail: qinb@ir.hit.edu.cn

Abstract Along with the explosion of web information, information flow service has attracted the attention
of users. In this kind of service, how to measure the correlation between texts and further filter the redundant
information collected from multiple sources becomes the key solution to meet the user’s desire. Recently, the
popular text correlation calculation methods mostly represent text as vector and then measure text similarity
as text correlation. However, in information flow service, most of the texts are news, and the core element in
a news is the event it stated. Therefore, we need a way to extract the core features that are related to the
event stated by text, so we can accurately calculate text correlation via these extracted features. Unfortunately,
recent event-related researches focus on the sentence-level. To calculate text correlation, we need to grasp the
content of the text from the passage-level, which indicates that passage-level event analysis has more impact. To
this end, we propose a passage-level event representation method based on sentence-level event extraction. It
constructs a passage-level event connection graph based on the extracting results obtained from sentences. After
that, it selects the important nodes in the graph as the representations of the passage-level events. Based on
the passage-level representations, we can acquire text correlation. Experimental results indicate that our method
outperforms conventional text correlation calculation methods.

Keywords passage event connection graph, passage-level event correlation, textrank, selection of key sentence,
sentence-level connection graph

1053



KBRS TR B A ROR I SCA MG LT ST

1054

Ming LIU was born in 1981. He re-
ceived his Ph.D. degree in computer ap-
plication technology from Harbin Insti-
tute of Technology. Currently, he is
an associate professor and Ph.D. super-
visor at Harbin Institute of Technol-
ogy. His research interests include data
mining, knowledge graph, and machine
reading.

Bing QIN was born in 1968. She re-
ceived her Ph.D. degree in computer
application technology from Harbin In-
stitute of Technology. Currently, she
is a professor and Ph.D. supervisor at
Harbin Institute of Technology. Her
research interests include data mining,
sentiment analysis, and natural lan-
guage processing.

Zihao ZHENG was born in 1998. Cur-
rently, he is an undergraduate at Harbin
Institute of Technology. His research in-
terests include knowledge graph, multi-
modal intelligence, and information ex-
traction.

Yitong LIU was born in 1995. He re-
ceived his M.A. degree in computer sci-
ence and technology from Harbin In-
stitute of Technology. Currently, he
is a natural language processing al-
gorithm engineer in Tencent, Beijing.
His research interests include knowledge
graph and data mining.



