http: /www. jsjkx. com

DOI:10. 11896/jsikx. 191200183

St A 2

ET Zipt's L EEBESBOARBSEHRETERE

BER A R'  #wkE FEH - EIHME

1 {2ITREAH#UHTEEIRELELRE A M 450001

2 M FHBEAFUHENEGEE LA ¥ K [ B HH# 541000
(ga01440429064 @ foxmail. com)

W E F4MIE A KRE S &2 (Natural Language Processing, NLP) AR89 —ANBF R A &, AAM F4AHBREMN K S 4L F
DNABED AR Rk B R T RAUAE T AR, A5 R TR F At P R AR WA ay P 2R T — AR T Zipl's £ 4
EESBUFErE A TR, TA KT ERPRREGLAFEAFHAFLS S FHLARITHEL THEHE, RE,
FIR Zipls A EM A TEFHG LT X 5%, A A £ K5 % # (Principal Component Analysis, PCA) % 3 4 46 M i 47 5 %, 73 3|
M FEHGE AR A BB FSSBRATELE T, RN R EA N fo F A0 B A S0 F 46 F A
AR, EREN AT Zipl's A4 5 7 2] 00 F 4@ A9 3T F 4 9 A9 AR U e AR K AT B AT A By M RUAE LB R %
3t g i R B LR A,

EBR TR F I Zipl s A, ET oA F4 AL

REESES TP391

Open Domain Event Vector Algorithm Based on Zipf’s Co-occurrence Matrix Factorization
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Abstract Event extraction is one of the hot topics of natural language processing (NLP). Existing event extraction models are
mostly trained on small-scale corpora and are unable to be applied to open domain event extraction. To alleviate the difficulty of
event representation in large-scale open domain event extraction, we propose a method for event embedding based on Zipf’s co-oc-
currence matrix factorization. We firstly extract event tuples from large-scale open domain corpora and then proceed with tuple
abstraction, pruning and disambiguation. We use Zipf’s co-occurrence matrix to represent the context distribution of events. The
built co-occurrence matrix is then factorized by principal component analysis (PCA) to generate event vectors. Finally, we con-
struct an autoencoder to transform the vectors nonlinearly. We test the generated vectors on the task of nearest neighbors and
event identification. The experimental results prove that our method can capture the information of event similarity and relativity

globally and avoids the semantic deviation caused by the too fine granularity of encoding.

Keywords Open domain event extraction,Zipf’s co-occurrence matrix,Context distribution, Event representation
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S, :Brown stole a wallet in the supermarket yesterday.
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S, : Anderson beat Jane in the presidential election.
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S; : A drunk man broke the street lamp.
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Fig. 1 Dependency tree of S;
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S, :She cried.

S; : He gave me a book.
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Ss : He quit his job and started a business.

S; : It rained for weeks,causing serious floods.
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Ss : Some camps of Syrian rebels were bombed by Russian
warplanes.
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So:In 2017, he became Myanmar’ s first ever world
champion in any mainstream sport, beating Vitaly Bigdash to
win the ONE Championship middleweight title.

Sio: Thorne beats Sylvian and accuses him of stealing
Linden from him.
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R M, ¥ EFSCIRNEAE /NG e B B0k 500 Ty HE
53] R i % C={a.us, warplane, bombed. terrorist,
training, camp,she,cried} (X B & 1 H Y ¢ B co) , W I A= 4
FERE@ a3 1 741,

1 ARG

Table 1 Example of co-occurrence matrix

‘1 €2 ‘3 €y ‘s ‘6 <7 ‘g ‘9
ty 2 1 1 1 1 1 1 0 0
Ly 0 0 0 0 0 0 0 1 1

of KRBT AR AT GE T, DI A5 S 5y 248 114 o A B
Hy TR0 40 A BTG Zipls A JRULR S8 T H 2 (H] T e A 2 £
ARG, — e m K I A 5 S RE, i a” “the”
“of” MR JLT-AATE T A LT S0h, il LK i 2,
PRI St 75 2 o 4 (I 3R AT AR 4
3.2.2 HEHETIBBR S5 M

1] (] BB ST UL A 5T N DB T — B ke B
HEAT AR #e . Bullinaria 85850 % JLFP A4 7 35 43 AT T L 55
AR Al PPMI 25 8 7T LR 4 JRL 06 30048 1) 25 5 1 L 45 2 19 17
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TWRSE A B/ BT ST TR R A A I A T RE R
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SR A LA LA R T HARNFEY RN, Bk, R
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SO OB A OR S HEB SR EEENIESE R &
Je s R BB IR s AT A s R R B TR . A
SCEE YT — FlOB 00 AE P AR M 7 kR T R R TR MR T Y
Zipt’s FRAE , [ B B AR T e A0 1R) A AR, XA R B R SCE B
A (AT R T B R R R A /N T e A R A Y A

ARICE X Zipl’s EHEITNA . Zipl's ERIETH F
K Zipls P — PR MR 4> M A B R T AR T T
T4 Least Effort” JF I, BI 18] 26 i FUF /b &b 5 4] 25 00 2 fiff
FA T 3 3 5 ) (9 (5 A Ok BUIR 2>, i, X 35 S Wikipedia
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AT 1000 J3 . % i) 45 e B i F HEF R 6 000 AN ] (i
O B A BB B RTE A 80X LA k.

Zipl’s FEAUEIT, A28 KR 2/ I (0 iR 3 vl DL R b AR
FEENE L. IR KA SN D B RN R A DL A
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A, T4 Ak v A0 ) 1) v AT, AR SCHT AT — R Y I R e

ik
s (nlzs0) et
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Hrn(eao) & e BTG e « 19 BT X REL n (o)
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a+ f(e)
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FCOMIRMTI AN . R A I 0’ oy o) BEAT AL, 15 5],/
(ty0) 0

(L) =A(e) X n' (t,0) (6)

T m (ORI T Zipl’s 434 H5 A AR SOKAS e Jm
WA FERR R Zipfs FLAE 4R BE . A L 1% 50 30 AR 46 B4, Zipf s 3t
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(OPTMEEREH TR ETCHED ., R TR0
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S R 1 24 B R R R 4 U8 (CRE 3000 4 Zipf”s Az 48 [ 3E AT 4
i ZE 4 I A9 B A 3R] ) AR 2T S P BUS T Y 4 2
3R] [ e AR T AP R o AR T 0 L R A0 RN i A 5
JE45 , 6 i 45 08 gerh el

(3) H Bl AR A FAAME N B R 3C R T m M RE
[l of the 25 s 1 A GE B S B 1L 4 08 T ST

b T B A3 A L A SC S SR T PCA X 3 A= 4 B 3 A7 [
e BB WE A, T PCA JE B4R BURR A P AY 3k 21k %
A3 AR SO A G A 6 W) 4 ) i E AT AR M AR e R B R &
RS m X —E#B 5 AT A SCERC3 T i r ik,

4 KBS

4.1 BHTHRK

AR SN BE SR BT O B Wikipedia 2018 dump” Hv$i
B F e 4 Kot L Y = 44 /). R A Stanford NLP T2 # 17
G300 BARAE 3T s TEARAE S0 BT B Ltk L, A A A S vk ik A7 3
PRI AR B A3 BRI 46 A B 1F D04, RN 1. 37 424 PP 3
2y 3885 J A, X RIS 7656 T 4. IR FE S
HEFE A BK/NLH 1. 7X106, il BT E P 13K /NLH
1X104, BEBSH a1 var-f H B 43514 200,300,600,300,
FREN | A e | IR NZI R 2.6 X104, | P | IR /NZIH 7600,
MR T A AT R M A S AR B ST A A m AR 107
ACA KAL) Hg 7.2 T3 Rh X R S 4] 6553 U7 4. AR SCAR

Xof B BB 2 B RG 7 D3 Rl R OC AT B R
4.2 EHEEEK

%t Wikipedia i RHEAF IR G 1. KB & A BT XTS5
SR R 3 T SN N TR CI7ve /i S f o A N I 2 R SR i
1z BRI A /N3 e HE B 3k R RT3 000 AN JGAE N bR SCHE
fE . THEARAE /Y SIF ALE , A2 e V0 3 bR SCARAE (9 e 5
Al

o0 1 Ak A R B L R RE4E B R 70000 X 30005 88 J& X 4k A=
FEMEEAT ST, BRTHGE T s a0 R R T oA B R
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217} 26 min,

of A A R HEAT AR e L AR 5 R T PCA X e A 0 B AT
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Bt vy PEAT 0B 5 o0t B 05 6T 25 ) 4% SR 0 A A 0, F A 1 1
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4.3 EEBAE

TR AR S B0 T SCAR L Wl S5 Ay 1] ok 9 25 () A 4B
P 38 5 i 4B G I RE 95 L A B WL M B R AR R AR A OR .
F2—R AT HBIFF T EABE Top-5 MF 7T
AR X—Lefiy 4 L AAREHAT TAHE) . RIS REY,
A SCTT R RE A AT ROR AL S R U2 2 ) B 3 SOMTULPE . e 4t
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Table 2 Results of nearest neighbors (1)

PER,die_of,cancer PER,serve_as,chairman

PER, sentence_to,year

PER, know_{or,role PER, travel_to,CITY

PER.die_from, cancer PER.become, chairman
UNK.,die_of, cancer
UNK,die_from,cancer
UNK. battle.cancer

mother,die_of, UNK

UNK, serve_as, chairman
UNK., appoint_as, chairman
PER,serve_as,secretary

PER,appoint_to,board

UNK . sentence_to,year
PER, serve, sentence
UNK, sentence_to, prison
court, sentence s UNK

UNK, sentence_to, term

PER.travel_to,LOC
PER. travel_with,PER
PER.come_to,CITY
PER, visit, CITY

PER.make,acquaintance

UNK., appear_in,drama
PER. know_{or, portrayal
PER,star_in,movie
PER.co— star_in, film

PER,star_in,drama

3 OMIEAMGHIEER 2
Table 3 Results of nearest neighbors (2)

UNK, play, football election, hold_on,DATE

UNK, write, book

PER, receive, bachelor PER,leave, ORG

UNK., play.basketball UNK.,elect_for.term
UNK. play.baseball
UNK., play, hockey

UNK.play_for,team

UNK. play.soccer

PER.run_for.reelection
election, coincide_with, UNK
PER.elect_to,House

PER.clect_to.term

UNK, author, book

UNK. publish.book

PER, publish, book
PER, write, book

UNK., write, series

PER.earn,bachelor
UNK . receive, bachelor

PER, have, bachelor
PER.complete, bachelor
PER.graduate_with, TITLE PER.become,vice-president

PER, leave, position
PER.leave. post
UNK.,join, ORG

PER,serve_as.manager

D https://dumps. wikimedia. org/



AR A BT ZipfTs A S B A3 AR Y F RO 8 1 ik A ik 213

K4 ROERMAHERGD

Table 4 Results of nearest neighbors (3)

PER,bury_in, UNK PER.take,job

UNK . establish, ORG

team, win.championship UNK. reduce, cost

PER,bury_at, UNK
PER,bury_on.DATE
UNK, bury_in, graveyard

PER, hold.job
PER.get,job
PER.find.job
PER., find. work
PER,land,job

PER, bury_in, cemetery
PER, bury_with, UNK

UNK, create, ORG
UNK,set_up, ORG
UNK. propose, creation
PER,establish, ORG
ORG, establish, UNK

UNK., lower, cost:
UNK, reduce, need
UNK . increase. efficiency
UNK, cut, cost

team, win, tournament

UNK, win, conference
UNK. earn, championship
NAME, win, championship

UNK ., win, championship UNK ., improve,efficiency

R FH 5 T 405 A6 Y0 S = O T O 0 5 SR AT A b,
%5 Frsl, LE M4 (PER, beat, PER) 2 ] , 76 115 15 A1
JCAL B SO T T W, A AR 2 AR R A e
AT, STOTHME AT LR 3 AT ARG, K,

T PP A 5 28 ) 2 X 7 73X — T SO AR Ak T EE = A 12K
) B SR S B AT G S T B T AR R B T R AT
(beat_up) ”“ iy " AP . X — G5 RAUEM T AR SCTH 8L
T5 2 B4 Rk

K5 TN BE R

Table 5 Results of event tuple disambiguation

H AT

H e

PER,beat,PER
PER,beat_by,PER
PER, lose, final
PER,lose, match

UNK., win, second

PER,beat,PER,1
UNK., reach, final
PER. finish_as.,runner-up
UNK., win, first
PER.reach, quarter-final

PER, reach.quarter-final UNK., complete,double

PER,beat,PER,2
PER, finish_as, runner-up
UNK, beat_by,PER
UNK. complete,double
UNK. beat, rival
UNK, win, Cup

PER,beat,PER,3
PER, beat_up, UNK
PER.get,revenge
PER,rape,PER
PER,attack, PER
PER, kidnap,PER

4.4 FEHFEHEDN

FOR S F I — AL S . b TIHAF R
DB 45 09 BB B /0N, AR SCHE #% FrameNet ™ 040 78 4 35 14
R EHE . FrameNet & SCRHEZR 2540 5 SR 5 AR AR AL, &
FHEZR (Frame) 4 7 % T LU (Lexical Unit) fl FE(Frame Ele-
ment) , LU 2iE7) iR fE R HEGL S B 3R], 40 2 T F (b
Rl & ) . FE 3R78HE S8 1 45 Bl UM 6 A1 S TR Y
Wot, W THESRR 5E M BA AR, — 2o Ay
FI I FrameNet 37 70 35 1 o ) £ 95 4

AN LU X R 1477, 3 26 45 A7 W LA Sy 34 A il
FrRICHEH] . A SCHAMLEERE 200 FPAEZE AN 43 564 AR i FE 6,
Hf 3 e R T RE B BE B R 43k 1 R Ak 4R R SR TR A L X B R
%0 43 9y 32384.,6367 Al 4813, AL T ILFA K
PR T3 T ST IO R i

(D38 A o i A7 B3] 1) B 9 R A 1, /T iC ok
“Unweighted”,

() fi J1 SIF A1) [ 2 75 v A JR 3 8 1) 4, f7 50 9 “ SIF”

(3)f# Fi] Bert" #8181 ™1 (1 4] [f] 0 T 55 2 R B B2 2B L 1
) & , 712 0 “Bert”,,

ORI SCHRL22 182 8 B HCAF A 36 V3 13 2 20 % = L 38 1
] i , {67 I8 H “DT-RAE”,

(5) K fish % 7] 1) 1) 2 A Sy =542 ) &L 790 0 “ Trigger” o

(64 fl /% 17 5 18 S0 A% 0 380 3] () 2t 04 HE AT 24 o R
1 4, @730 b “ Trigger+ Argument”,

(DRI A SCT7 1 A 38 B S (ST 4 L A i o 26 1) i
BN AF i, T o2 T B R BRI R SO R T S
A6 I 22 THT 1] B AN A7) 5 BT st A S 4 A A 45 08 1 1) 2 R
TH B Yy 2 1)

A ORI Zipl”s Fo Az 55 B 43 % 125 A 1803 1] 3, 5 R O 9%
X Wikipedia 2018 ##8} . Fil F 42 4 4 # 2 [ 45 + Softmax £ 43

D https://dumps. wikimedia. org/arch/bert

FARA PRI 455 AR L BRORUZ R 2
32 BRZE R ] ELU SO0 28 % i i J2 2R ] Softmax BT
PREL. R H Nadam {4628 0 Ak 2052 28 51 5 T0 28 51 2 18] 1)
XA 2 3 R WK 0. 001, 5% ] “Early Stopping”
SREWE B 1k a3 LA, P 46 A R vE B SR AN BCE 2y P LA IRl R
BOEY RO Fy .

6 LR T ILAN A AR B . Horb L 4 R O R TE AR
% NLP AR5 A 5 i R, H it T dm i okn B 4, 9 T
B SRR B G , 8 51 G R B R O R B BB R i
% ] R 0% BOAS B A A b L AR BT Mk % T A AR R Y 3%
SEVEF . TR B A7 B b 5 ok 2 3 AN 8 T A O ] A 1) T 35 91
AN T B v A T AR TAE WA R A 1 1 SO — 8 4 F 45 B i
MZ A, ARSI R T A — AR R R
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Table 6 Comparison of different event embeddings on task of

event identification

AL 20)
Method Test ; Dev
P R Fy P R Fy
Unweighted 64.4 63.2 63.8 66.7 65.1 65.9
SIF 66. 2 65.7 65.9 68.7 67.7 68.2
DT-RAE 66.0 65.4 65.7 65.9 65.0 65. 4
Bert 67.6 64.9 66. 2 69.4 65.9 67.6
Our Method 84.1 83.3 83.7 84.7 83.7 84.2
Trigger 79.4 78.6 79.0 80.0 78.8 79.4
Trigger+ Argument 74,1 72.3 73.2 74.9 73.1 74.0

EEHRIE  FHA MU T T 1 1) i R A IR A Y TR
B A SCHR N T — Bl T Zipl s 2R HE B S i 09 = 0 1) i
ST O e IR AR e 4R I ST AL AR R X
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