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Abstract

Serial-verb sentences are those in the form of "NP+VP1+VP2” which contains two
or more verbs (or verb structures) sharing the same agent. Sentences with the same
serial-verb structures can express a variety of different semantic relation. Based on the
previous works in classification of the semantic relation in consecutive verb sentences,
we built a data set of serial verb sentences, and proposed a neural network model
for recognition of semantic relation in serial verbs. First,the serial-verb sentences are
encoded with Bert. Second, BiLSTM-CRF is used to identify the serial verbs and their
subjects. Then, based on the encoded information of fused serial verbs, the relation
recognition of serial verbs is implemented using BiLSTM-Attention. The experimental
results prove the effectiveness of the proposed method.

Keywords: serial-verb structure , neural network , semantic relation recognition of
serial-verb sentences
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S5BERTHHN M A BERT WWM_EXTS258, SUEWWM LI AALSS HE R -

. D)1
B P R F1

BiLSTM+CRF 77.66% 76.06% 76.86%

BERT+CRF 84.72% 86.84% 85.77%

BERT+BiLSTM+CRF 87.88% 90.02% 88.94%

BERT _WWM_EXT+CRF 87.10% 89.80% 88.43%

BERT _WWM_EXT+BiLSTM+CRF 90.56% 89.36% 89.96%

Table 2: JEBNIFAR R LEG L5 R
Fif
B P R F1

BiLSTM+CRF 74.41% 75.55% 74.97%

BERT+CRF 83.90% 84.69% 84.29%

BERT+BiLSTM+CRF 87.39% 86.61% 87.00%

BERT _WWM_EXT+CRF 87.05% 87.05% 87.05%

BERT _WWM_EXT+BiLSTM+CRF 87.44% 87.05% 87.25%

Table 3: FIEIRAIEKEGLER
, )
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BERT _WWM_EXT+BILSTM+CRF| 89.52% 88.59% 89.05% 73.17%
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6.2 FEBNA)E K RIFG
6.2.1 SCRETE

SR A2 20 BT A BN THAMERE S A EURSE, A 820710 EA), KRB N XA

HID A TEIINTE SFTR « $HR6:2: 20 LU BRI ISR 5  JT & S AN 4E -

Relation and cause lai manner purpose qu temporal other

Num 432 26 155 576 537 230 411 176

Table 5: HIEEIE KR DM

6.2.2 XTSRS KR MT
F GEIR T RN 4 98 LR RRIRBIRUR, DR ) Ace, H FHsupport R4 K15
SAEMNRE TR -

Relation P R F1 support
and 0.82 0.80 0.81 123
cause 0.67 0.20 0.31 10
lai 0.97 0.97 0.97 35
manner 0.77 0.83 0.80 174
purpose 0.78 0.74 0.76 160
qu 0.94 0.96 0.95 69
temporal 0.79 0.79 0.79 126
other 0.82 0.87 0.84 53

Acc 0.811

Table 6: 15 X 3k RIFAH|ER

R 6RSEREE R AT LIE W, R THER D “cause” RIRFIRUR L ES, HAth
IS LR RIR B IA RS o JTLEX F9ai? B “qu e, BRIMENREHFAS RS
B, ABH T X B 2R ORI R b, #R S IR B B AR T R AR BT LR
BHREEFE, BrLURAIRUR BT - (EMARTERIER 7 2 B WIERME . FEEKEZ
TR/ E+NP+VP"E BRI A F, BRRMES R/ E+VP RO FFE - FlinfE< v >FE<
Jur STEPH< vo >F< Jug SKEBREFAHIM . »— A <EIEH B B B2 SN, T
B 2 B EAT R R R« BB R AN IR B “qu” 38, I S8 0 78 B8 B0 5 FP BT o BB A X R
D R S B FERE AN T4 o X T “and” 1 “temporal” B FiE Xk R IR A LA 5 IR
¥, “temporal” Fl“and” B X H F EAE S “temporal” M FH T E]_FAYEE, WABHEM L SEES
SERNUF, H%EEMF AR, SAEEZRAEER - FR “manner” 5 “and” BiFH1E K R
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FﬂﬁﬁtﬁtQing?ﬁEﬂézﬁﬁ SRS LERANE THR, IERAA RO RE R . A BERT 1A
AERTH,, BPRFRES ARG TWBERT 2AEBHH T Hy - H,fH, =& T
HIgAS 7 =, ﬁﬂé@%? BEGENG KRBT E . NEEEME LK RIPRAIER, f#
ﬂEJMacro _P~ Macro_RfiMacro FI{ENEM IR, BEITET XM AR EFPAIR MK

FARTE LR R AFFIPEAMRE, nFRiE R APIFREL

1
Macro.P = =>"" | P (10)
n

1
Macro.R = =>"" | R; (11)
n

2% Macro— P x Macro— R
M _Fl1= 12
acro Macro— P+ Macro— R (12)

Model Macro_P Macro_R Macro_F1 Acc

BERT_1 0.70 0.71 0.71 0.73

BERT_2 0.76 0.74 0.75 0.75

BERT 2+BiLSTM 0.79 0.75 0.75 0.79
BERT _2+Attention 0.77 0.73 0.73 0.77
BERT _2+BiLSTM+ Attention 0.82 0.77 0.78 0.81

Table 7: JHRISLIEE R
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. IR AIE S ) IE mﬁ%%X%?

7 PN /ﬂ@%

Kiﬂ%ﬁ%m%ﬁﬁﬂﬁ%%%%ﬁﬁﬁ%ﬁ%cE%Nﬁ%@*%ﬂﬁ&ﬁiﬁﬁﬁ
WA, RIEESE T HEAE CRA MRS, HAENTIRERER LA TR 8HRw 7. 1
BT ET AR B AR (BILSTM-CRF) A LURAES R S B 338, & TG Lm
ﬁ%ﬁ%%%@%ﬁ@(&mﬂWMwmm)%uﬁ%Lmﬂ@% ELRA - IDEFSETA
H%Aﬁﬁ@i%%@ﬂg EIRE| A TS TENRE, WM BB RE SGRBIRUR -

Har, fHrnEshfEdE S MEREB N, & IRIE R FAEE LR A A AR, [FE
SHEBA T I LR, 2 E S REIRG] . B TR P TR e
WAL AT R, DUR B BT BRI -

275 SCHR
PRI IR, B R, 2013, B THRHMELS A DGEIE ) A8 AVRMERM ST [J]. F30E B4R, 27(05):60-66+74.

gl ok e 0KiE 2,5, 20200 B TAMREREIERDOEAB SR TR ZIRE L [J). IMNEUIR,
37(02):16-23.

THER. 1982, BUCTGEEEIHE M), 650 BB

o Eep E SR E?ﬁ =Wk, 86U fﬁ;%ﬁ WAL
Vo

E, 202148 13HE15H .
(c) 2021 EPEPIE SUHET SRR RS



HEESY

B, 2019, FETHRCIE LS A)EE U BIHIA S AR D). mE R MR,
XISZ. 2017, FETPOEZE S A B E RIREUT AT [D]. LRI,
PRIE. 2011, FRAFLEH R EDOETE SRS D). B

E?’Eﬁjﬁ,(}%)ﬁ?i RGER, %, 2017. BRIEF AT MSE LRRAMRIT U SEA [J]. BIERE S,
32(01):26-36.

PR, B 450 BREEHT, 5. 2020. BT HEMEAESNAIIRAIC]// In Proceedings of the 19th Chinese

National Conference on Computational Linguistics,pages 172—-182.
IR, 1987. T IAE BN IS T S R AT [J]. B2k (B A 2 R2EAR), (01): 116-122.
15, 2012. BT HERERDOEE NS 1E LT [D]. EHRHR.

B A%, 1992, S AFIFHIEG] T HHE Lk R—HREsh =N S HE XX A [J]. P i RZ M (AL
FEERIEAR), (04): 96-100.

BATCAE. 1952, JL MHEIEE M), JE3E: FFEHE.
BATTAE. 2002. FFEERISUE M) BB O AR
RAEER. 1082, HHIEVF M), db3t: BSSENFitt.

Chen J,Huang Y,Yang F.et al. 2020. A Novel Named Entity Recognition Approach of Judicial Case Texts
Based on BiLSTM-CRF[C]// In Proceedings of the 12th International Conference on Advanced
Computational Intelligence,pages 263-268.

Cui Y,Che W.Liu T,et al. 2019. Pre-Training with Whole Word Masking for Chinese BERT [J]. In
arXw.preprint arXiv,1906.08101.

Devlin J, Chang M-W, Lee K, et al. 2019. BERT: Pre-training of Deep Bidirectional Transformers
for Language Understanding[C]// In The 2019 Conference of the North American Chapter of the
Association for Computational Linguistics: Human Language Technologies,pages 4171-4186.

Greenberg N Bansal T, Verga Pet al. 2018. Marginal Likelihood Training of BILSTM-CRF for Biomedical
Named Entity Recognition from Disjoint Label Sets[C]// In Proceedings of the 2018 Conference on
Empirical Methods in Natural Language Processing,pages 2824-2829.

Kruengkrai C,Nguyen T H,Mahani S A, et al . 2020. Improving Low-Resource Named Entity Recognition
using Joint Sentence and Token Labeling[C]// In Proceedings of the the 58th Annual Meeting of the
Association for Computational Linguistics,pages 5898-5905.

Lample G, Ballesteros M, Subramanian S, et al. 2016. Neural Architectures for Named Entity Recogni-
tion[C]// In The 2016 Conference of the North American Chapter of the Association for Computa-
tional Linguistics: Human Language Technologies,pages 260-270.

Liu W, Zhou P, Zhao Z, et al. 2020. K-BERT: Enabling Language Representation with Knowledge
Graph// In The Thirty-Fourth Conference on Artificial Intelligence.,pages 2901-2908.

Wei Z, Su J, Wang Y, et al. 2020. A Novel Cascade Binary Tagging Framework for Relational Triple
Extraction|[C]// In Proceedings of the 58th Annual Meeting of the Association for Computational
Linguistics,pages 1476-1488.

Wu S and He Y. 2019. Enriching Pre-trained Language Model with Entity Information for Relation Clas-
sification[C]// In Proceedings of the 28th International Conference on Information and Knowledge
Management,pages 2361-2364.

Zhong Z and Chen D. 2020. A Frustratingly Easy Approach for Joint Entity and Relation Extraction
[J]. In arXiv.preprint arXiv,2010.12812.

ﬂyﬂﬁ% , 20214E8 A 13HZE15H.

TR E R E S RSB IUR, %‘86ﬁ—’§€ 61, [E
(c) A SRR S



