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Abstract

The Separation of words where characters of a word can be used separately is the
special phenomena in Chinese. This paper proposes a character-level sequence tagging
method for automatic recognition of separable two-character verbs, which avoids the
error propagation of Chinese word segmentation and part of speech tagging, and saves
the labor cost of making rules and feature templates. In the process of training, the
Chinese pre-trained model BERT is fine-tuned to obtain the vector representations of
characters for the target task. Meanwhile, the MASK mechanism is introduced, where
the separable words within the separable structures is hidden from the model, to reduce
the influence of words themselves on the recognition results and strengthen the learning
of the middle insertions in separable structures, and further, different masks for the
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front and back morphemes are used to emphasize their occurrence complicated and
occurrence order. Therefore, such implements give the model the ability to recognize
complicated and occasional separation forms. To obtain the sentence representation
with context information, the original sentence representation and the mask sentence
representation are input into two BiLSTM modules with two different parameters for
training, respectively. Finally, the CRF algorithm is used to capture the dependency
of the tag sequence of the sentence of the sentence. The proposed BERT_MASK +
2BiLSTMs + CRF model improves the F1 value by 2.85% compared with the existing
optimal separable word recognition model.

Keywords: Separable Words , Automatic Recognition , MASK Mechanism |,
Neural Network
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NEIE, EF A TREAW B A B AR - FIEE T RHEER, JEES
KEBBCH PILEEHEERH B AR B ERN T, G AE BZR (2017)% HAL 71 F
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B HE DI — R bk e AW P R AR A A A S R SRR -

3 BAWRIMESHR
3.1 HEHEX

IR 3B G A1 DL A R RRE R E AR EE R RTEE R, SREAF A RF IR Tk
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WIBERTHAVRIG T4 e; FIANFIRIA &e; - AITHIFR RS HTFAT IR IHERS] -

68261@62@...@6n (1)

NGRS RS, D1 B AR 5 H I 0 R R KR B e, 3R R TR 98 N R 2
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HhSH R, FERHEN — R &M E A T IR 2 W& 225 B MR A FRHIE, M &
2R PSR hiddenst™s - BT, AIFMFRREBEESATFREIEE, LA T iRE
KEBHIAFER, BIRATRERE IR B ERTETE, O ETRE = R R RO s -

he® = BiLSTM (&%) (3)
he™ = BiLSTM’ (™) (4)
hss+ms A hss @ htms (5)

4.3 ETCRFEIARIHL RE =

BB R IRE L FFERGR B, iR AR IR RZZE B, (Al
AR PRE R NOZFAERIAIRE, FEAETSBNBIE=Z X REASREFE - TEHIEFE
% o BILSTMJZIRBUR: AR 2 8 70 BUR BE B0 5 A 5 4F B PR 220 AT ER SR 0 1% 7% R xX 222
WM - ARSCR F CRESEA M550 B R FERE A 38 A 7 AP bR 22 P 91 I, FH 4 L B
5 (2005) 1532 AT REMERK B AI TARETIN S - EGRTAES, fEACRFIKREL, HfE
BRI - FETLS AR A, (OB 22 5T R 5] AMASKHLHI H)F4F 7 51les HIBILS TMELER F il
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AR FABERT ) A SCF R 7Y Chinese_L-12_H-768_A-12, F ISR F2 A 4710
KT HAME - BEBILSTMERE A FHERTR, RNEHACRFZIREGNGEFS] - f
FAdamifft 2% (Kingma and Ba, 2014), BERTHIAIIR2E ] R R2e~®, HREZ WA
RRle ™, B—IRVEGE R T RBZR, ) RBZRE N7, HHATI0RTEERN LR - R
B A%, SRAdropout /7% (Hinton et al., 2012) - YIZRES (RAFAETF & 5 1 RESR AL FIER
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B ZHE
WA FRAKE 100
YA (] B4 5 200
TR [ B4 754
Batch Size 30
Dropout Rate 0.5

Table 3: HWSHIXE

5.2 T

EL (2019)H0 TAEF A A LFELE— B A1, R 5 50 LA F 5 K- PREFS
Bro FEARSCRISLIR A, BA)A U2 AN B AR fI B AV, TR A FIERGE, FiE
AT RLHBAF— N BS BRI E— ARSI - BOEATN 45 RRPEm B L, MR E T
TG AT NE A, ARG A IEFIEEN, ARG EF R A GIEEP, B ERR
B AFIECTN, SAIERIRAIEFETP . 8% 1RBIE RS R EE

Algorithm 1 HAIEER DR

Require: BEAIFINIEE R, M & SPREG
Ensure: TP, TN, FP, FN

1: while RFFAE T —1A]FS’ do

2: S S

3 DSHITEE Rm N EHE{p1, p2y - - P }
4 FEGHHRES, REHESERr MEH%E {91, 92, -, 97}
5. if m=0,r >0 then
6: FN+ FN+1
7 end if
8 if m=0,r=0 then
9: TN+ TN +1
10:  end if
11:  if m > 0,7 =0 then
12: FP+ FP+1
13:  end if
14:  if m > 0,r > 0 then
15: if {p1,p2,...,pm} =1{91,92,...,9-} then
16: TP+ TP+1
17: else
WHSFI{p1,p2, . . ., pm} FAT AN THIMT 32K
18: end if
19:  end if

20: end while

LIS PR RP - A BRRMFUENEB RTERET AT, TR AT

TP
- TP+FP (6)
TP
R_TP+FN (7)
2%« Px R
F1l=""-—"" 8
P+ R (8)
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5.3 LBER

AIAEMRIEIRE ST BRi& AR (FE A, 2019)09E 418 B SR A BT
Al E St M PCHE, E45 R S5 IEPRERXT, IHAE R A FHFAKNNER . SVMER
FCNN + LSTM + Attention®BH A F oK, U=TEREMFELERIENSEERNHLE, 5
IR AT TN 45 SR AT X B, SERRAE RN AR o MRIESNIS G RN, AR
PR - GREEMFEEN LHE TR, THEEWRER 73.89%, FUHIRES
T72.85% -

Y| P R F1
IR ERAETY 94.59% 97.26% 95.91%
AR 98.48% 99.04% 98.76%

Table 4: SEEGLE RIEM

5.4 SEESEERHT
5.4.1 BRI H B & TR RSN A 1R

BMEL (20198 TIERME T — M ETEM AR FZE AN TR E &AL, &
1654 E A1 - R, WIGREIEGI P S HE1339 M E &1 . EBEENRAGIGERF, H67 1R
FEINGREH HIAATE, Hpa MRS RRR P RE 21, B LM P hRE H R
BET; 22D AERATIER A o REUH X 22 MAE UG Bree ), i ATAWT, 2 ER
R aT, FEENNAPEEAREIES . ik 5 Prox, TR SE5 MR AR &
FFRETY IE . B, BATEET —DHNE SRR, B8 E1015567 -

B A1 B IR
Ea st T 5 5 WAL IEE D e E — B 2 A i EUD
RIBK Ko7 K ST SCJE LA LA 18BR R TER S5 —

Table 5: FALRA] MR PR B SRR RSN &1 L ERE - e

5.4.2 ERIGHEHE A FR BB

BATLLH BB UE R RAIBRIE N &, EIGEF LB T 46 M NIKE A
W, EHes N AEEMNEAIRHIE TNREF - ARG RS, HIHAI 6 M EE M
BA, SRS E SRR B Rk F]95.65%, HL AT LIE AR SCHR: H AR S A B A
HRIFERBRCER - Blan, 5438 <3 o5 BI7E I ZRE AR ZE MRS AR B 45 R A IR
BREMERWR 6FR, RIAEEENGEFNHIL T —Ik, ARCEBLEM RS _EAT LIRS
HZIAERE A, FHFEAANSIIGEF B EREZEHE, MR8 T 38 ENER
A . AR X Fham AL 58 P VAR AL < 3540 TANE AR B £ B SR (8 71 U3 T TMASKHL
HIFISIN - AN, 7E 5.6, AT MASKHLEI RIS FET T IR RS -

RS il NS HE

st B A HE R AT AR A SE
N R H it 25 Jnal ot NZERESKIN T 3

Table 6: & 18] “HNHE 7EIIZREE AT IR AI25 SR A H R E 0

5.4.3 BAPHFEZIEMRE

MERRLARILER, ASCRARIGRBIH T 10A& B2 M EAENA T, 20 EHE,
TR E P TSR &8 2 M ERENAT, a0 3.27 FFIAFI3 . BT REIR RIS
ST NIHM, HP16 M EAERAIER, SH80%-
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5.5 XFHRE

AR AT BORE S A — DB R, XA T NERRE S BALR T AT, L
BrEMIHE R R IBRAIRLET « ASONy, FEBRRERG)TH, HIE AR EE S
BRLZBLRFAERER R, W EI AIELEH ERSRERE - IEFIR A B FVERENS A%
SMTRUEHR B, RNE AR RITERESE E PR AT B -

SRR A SR AR M e B SER R R T R AR PE PR TE AL B T8, A SGR B R 2
TIRE 3P & WA RMEARE IR & FIDDParser(Baidu Dependency Parser) (Zhang et
al., 2020) , 7EEERIFTHIEMAEIERAICTB5IEER (Palmer et al., 2005) FUASTHMAFER
BE90.31%, ZIERIS AR HEROUSIET, FE—EEG, et HRER -

AT SEHS T R SRR R R B SERGR R E B TERE, F38246) o FARARTLRS i FVE
ORI A AR 1E R AR RR - X HSRIREERIAR 7 fios -

napatl ARF B FIBEERE X R IHAERE
DDParser 3659 165 95.69%
AR 3759 65 98.30%

Table 7: X FLSESG 25 FRAFA

fan, XHEITAEIS, DDParserRIRH] HiiAE 731 (6 F U HTE 1R Z R FKAF R R, 0HTes
REH A 2 B, BATONREW AR HHZAIE R B FIREIR, FER G HF ROAIE A3 E 5 3
fEA) T B ANESE TSR] SC e T ORI AT A IR BA R DDParser W73 A4 Sk Hi Hox
RLESARED R, HIMAER R AERAZESRIN (LH) |, IRERHEREREER -

7 BOE— NI S RN T
B8 EIOEE EZKING T 2637 BKAIS R

BITHIDDParser 7 A7 45 M H AN 2(a) Frow, ANSCHE “f80 A0 “UF Z [R]I0 B 2R 5y “LH” 1
KA MI/KAFERADITER, SR AP RERTAEEE (ATT) |, ERIEEFRA
SCRATTHFITE AN R s iA “B g, A ERNBNAE G I RR G E - MEHE SR
TR 25 SR AN 2 “iier B0 RV 2k T AT REAS 21 B 0 1) R 9 o0 M 45 SR 52 H TE W ) )
SCo FISHYES M AN &l 2(b) Frow, ARSCHE “B)7 F1 Bk Z 1R _ERBLN “LH” B K RN . AR
WRERADIER, G5B S8R B FEHERR (VOB) | B 5B FFEE K
% (ATT) , FEKA CRREES R - T2 % AR CRELRG BB B %, 4
B RR B ERIKIFRAR, AT LR 25 s i & 7 0t S B e a) 3L .

ATT - 7T ATV ~ - ETT

."I' D 4 A . Z N
2R T % & B @ g Iff

LH
(b) B8 “EHIEEERING T 26 BRHIEBY BIRTF AR AT

Figure 2: K17 AR TR
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5.6 THERSELR

FEEFR G AMASKHLHIN B A 1fIR RS A RUE, AT ERZ FFIBERT + 2BiL-
STMs + CRFNEZEAY (Baseline) i 7 VHEISEL, EF—EIEE LARFFHRIRISEORE -
SCOGLERAT L anEE 8 FiR, Baseline + MASK By 5] AMASKHL I A .

A Baseline Baseline+MASK
TP 3809 3829
FP 56 59
FN 55 37
TN 690 687
P 98.55% 98.48%
R 98.58% 99.04%
F1 98.56% 98.76%

Table 8: JHRERSCZEG 45

S HEE R > REL, ATCR H R FHR AR IE G £ 207), ARTRBE 758 R ED,
AT I8A], ANFRBIIEFIXZ36]), ARRAIE RG34 - 5] AMASKHLHIFIERLE A 1)K
MFLELRE TRE, EEfRR DA TR S oI RBERAIRAIZE R, B2 IER=R
MR 2R B IERR B PREAER « FRinr R NER S KEE R, AIERURAIL
FRAEN TR AR SL R IERARY, ARG B R AP (Rl A 0o B S IR 1 s FUL 6 [ -

FEIRAH B EAENTAERSCR A, FADEE R GETIRBIRAENGREH T
B GIRER, R 9 FIR - ¥ Baselinet !, 5] AMASKAL il A1 8 75 K 75 1)1 25 5
IR AR E BCR AN ST AR S R P TR R RE BT S, AT LU 5
AMASKALHIFEH A RERG S TARRINE 517, W0 5.4.1 TR K H) L8 F1“REK .«

A Baseline Baseline+MASK
RENGEF HIAIEEE 60 67
ANTEE & 1A A R 1R 2L 16 22

Table 9: MR 2E ] 1T HIE A 1R A4S R

6 S5 RE

ATCR T i E S IR I B hRANES I EFHRFIMANEES, R T LA
TTEVRE RGO RRNIRE IS - MR EEETINICEARAER, TR R BRI T A
TR A A LS5 RN LR i FF AR B AR, I B B R w3 38 2 IR AR5
R T AR AN D EC RS A R B0 T4, B TSR A RRYERIHIZY, W EREL & T
IR G KM R B FIERIRE ST o [, BIA T #ERSHLH RIS (0 B F AN AY2A ) W]
LUR RIGR A1 ARSI B VA SORlE . FIRHERE TR A S SR B S B e g, &
i TR -

HArAI s o TIiE B a MR BRI, FERK, ol 1A B EB AR H AR —
AT KT 16 1 U I R B S MR E R, T AR B TARITAIEAR, 5 IR BT
PRETERRHERALE B L - R ZRMB L, JRIMEAIGICR « Beoh, ARCHR H A EEALRE
BAERAGEREREAE S EERAEA THOME, HFHEBINEN BT Z N EHEE, &
A Bl A RIRA], T CAMRERITIAER GHE, HEHE—H KCAMRA] L
FORBTLE - FEENERCR -

RIS, AT 17 Bl AR ERRR], & EME, I ARS . REAERS TS
HIRE S B BRI MIE S BN B A TSR, SR 0 SCHERE ST - TN S R R+
DEROTATEE TR, Fd 17 Bl AR R R R IR EX R WA IS, KA T EHIER
TG LUGHTE AL, K ERDOEIE 5 A Ry

%:Jrﬁﬂfﬂfr%liﬁé‘(i)jt%wi% FITIL 0TI, WIS, iE, 202148 13H £ 15H
c ST g 1=

Do
S
<
— 5
+
=T
|
=
i
iy



HEESY

22 SCHk

Devlin J, Chang M W, Lee K, and Toutanova K. 2018. Bert: Pre-training of deep bidirectional trans-
formers for language understanding. arXiv preprint arXiv:1810.04805.

Graves A and Schmidhuber J. 2005. Framewise phoneme classification with bidirectional LSTM and
other neural network architectures. Neural Networks, 18(5):602-610.

Hinton G E, Srivastava N, Krizhevsky A, Sutskever I and Salakhutdinov R R. 2012. Improving neural
networks by preventing co-adaptation of feature detectors. arXiv preprint arXiv:1207.0580.

Huang 7Z H, Xu W, and Yu K. 2015. Bidirectional LSTM-CRF Models for Sequence Tagging. arXiv
preprint arXiw:1508.01991.

Kingma D and Ba J. 2014. Adam: A Method for Stochastic Optimization. arXiv preprint
arXiv:1412.6980.

Liu J L, Chen Y B, and Zhao J. 2020. Knowledge Enhanced Event Causality Identification with Men-
tion Masking Generalizations. Proceedings of the Twenty-Ninth International Joint Conference on
Artificial Intelligence, IJCAI3608-3614.

Palmer M, Chiou F D, Xue N W and Lee T K. 2005. Chinese Treebank 5.0 LDC2005T01. Philadelphia:
Linguistic Data Consortium, DOI: hitps://doi.org/10.35111/j3yz-jw79.

Zhang S, Wang L J, Sun K and Xiao X Y. 2020. A Practical Chinese Dependency Parser Based on A
Large-scale Dataset. arXiv preprint arXiw: 1611.01734.

Bgnvk, FFUKig, 250, M4t 2020, ETAMREREMTUEEAM S L T HZIM R L E. IME
37,37(02):16-23.

R, R, R, MIAE, fh4Et, B30 2015, AE M FHE BRI P LAMRERERIE. FXXEER
2£41%,31(06):93-102.

X, 2015, ETERERN S &IAT B B ahRBIp. Wbk
f LU, BEREA, SRR, PR, 2002, JEIRKEEIRDGE BRI E AN THNE. F30F B2, 16(5):49-64.

Tl 2010, B TIiBREMILADNEE &1 E R EE . W dbIiiE K% 2k (@@ ok
fifit ),33(01):96-100.

FiglE. 2012, BA BT A ITERIIGEEZE. NF301,2012(06):10-15.

FFERR. 2013, WLPOEAIC PR RIS, BRI R

T, HIRR. 2017, =T BCCHIE iR @A BanRAIBIT. 30E R %#R,31(01):75-83+93.
KPR, ZEHE, MR, I 2010, ETFSVMAE AT HE. THEPLRE,43(02):239-244.

X4, 2010, TH A A FIDGE RS SRR, mE T K.

T, 2010, FRDGE B AR MY R A . =gt (Sl 2 3 IBHR ),2010(06):123-127+150.
JATAe, BAZK 2. 2010. F3UE BT B G AU BRI . —IRR 22284 (AU SRR ),32(06):39-41.

%:1*@43%%?%%‘(#;(%”1%, FITIL 0TI, WIS, iE, 202148 13H £ 15H
c PSS g S



