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Abstract

The size of dictionary in English Sentence Compression is limited, so using deep learning methods to
compress sentences are prone to delete the keywords by mistake, then affect the meaning of the
sentences after compression. To address this problem, this paper proposes a method incorporated
syntax attention for sentence compression. Firstly, using two sets of encoder-decoder to encode and
decode words and syntax, in the decoder stage, the Syntax-LSTM using syntax gates generates a syn-
tax attention mechanism to lead a more grammatical output. The experimental results show that the
F1 value reaches 0.7742 on the same domain dataset and 0.4186 on the cross-domain data, which
proves that its results are more readable and more robustness compared with the existing methods.
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SR} LA AR M 43 AR T SR ARRS , ZEARASRNY BB T A TEVAE R JIHLH B AR 12 M 48 (Syntax-LSTM)
BLA B AR R A ERER IVHEEN S SRE SR, SIEHIEME, SRERREZEEN
FHEAESREIEE LA T 0.7742, EESREIESE FiXF T 0.4186, iEHH 7 HiH BA B iRtk
IR

Xiid
ATESE, BREBAIVS, KERURME, &k

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

AR, BEETHENUEI BRI EE R R, B S B 2R KR, A4 ERe 8 Bk
PRbRod SR S . ) it A2 — MR TUA B R B RS R T Vi ) IOAE BRI TV . TR
TR T EE AR, fEAER. W RFEEART, E4ENATRERIEEAGEALE, 3 H
T B R EARUEA) T AT S ANE S B8 R

2 ) TR AR A 32 BT TR0 Bk AT I, L3 B R R S RS B, e Tk X
(AR (parse trees) [ 75v5, B AR FIE M igAT 607,  DASKRE— BT A) 7 rh I SRR E S 4] 1[1] [2].
VAR PR N2 R S, A FH R FBE 2 ST A A/ ] AR S2 B AATTR) G« Fillippova [3] 8 ORI ER #f
222 [4] [5] (Long Short-Term Memory) 5| NS R) R4 25, W0 IRy — Pl )+ Fml 1 4y
FATS, MRS THRRMHRTT . A AR LR — PP T Am IS PR, 4T S K AR IE SR
73, ATLACLIRERA YY), e KSR E BRGNS, nTRMR I TG R

JUE IR N 45 B O IRHIE SRR 7, AR 2% i B2 A v 3500 . WA F IR 402 TRE, fE—1
B A4 R BB R SR N 2 S, AR 2 3 8 R TR i B A A PR S AN @ ) ). R, TN [ A
R B RTE A BRI XA, A B — I SR 45 19 B AR 2R A A e LA o A [R] 40 75 B )
BT o 0T AN [ RS AN ) 1), 75 A0 FH B e AU I 2Rt SR AT VI R A e ik 2 BAR AR,
A S SRR s R HE I, X — RO 8 0 1 B e M

BEXFRA BRI, ASCRH T —ANBE A 7 a5 5, e oA 1 AE B AT SRR .
T — Py A R LR AR 2 M 4, R AP BRI T RS BN R ), R
Sh4 RS BT o AR Y B R AE N B R 51 2 R DR v g T R — R B B, fER) AR
10 BEAR] AN [F] (AR 000 T 5 FL B0 JRE PR B A e S AT AT AT — 5 BRAEARA T o A5 P TR0 7 51 AT B i e e 0 {12 ik
it £ SR ER R, T CRIE TS . ARSI AR EE DT R G R

1) ¥ H) T B A B E Dy — S BN A, A R SE R IR A S o R ALk 5 S
TR 4 .

2) TEREA R R INNGEVE T AIME B, 3 BRI = oL LA 1 45 SR LA S i ) T S A R
—EFESE b A EA T R S R

3) i fd H R IEE(E B, RIASELE 1A ) 1A M AN %R, R] Dod s e (1A A R e A
FE LBt AT o B I — e R gk 1 LR WL L] ) OOV (out of vocabulary) ] & .
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2. HXI1E

45 () T 45 5 1 2 B T EVE AT (Parse Tree). 44, Cohn [6]4 FIiE AR HT I Sk v g ERE
F5)F, Filippova [7]3 ik BY A AU IH B U A% 1) 3k 1Mk B R 46 ) 1 1) B 1. 1T BEE A2 W 248 1 R R
Tt 2 2 2% PR AT FH Ao 22 0 48 SR 1R A 1) B . Frillippova K2 h 2% — MARD 28 HEZE B F T s 204 7
HATES, HAROHEMSRE—AD =2 50m LSTM S5 i) Ja il AR iD A2y, o8 Softmax /E e ik
RSN R AT 2 W S AT IR B R RRUE A ), 7R RO 2R 508 5 I 2575 21 (1 R AH
FLBE G T A BRI T . 548 Lai [8]48 F WA LSTM XA 1 X0 a5 EdEAT I 3, Iy o o e FH 4%
PREENLSE = T 3R Tran [9]. $&HHIERL T A5 464155 33 = JIHLHI B t-attention #E78Y,  J@ it X 2w 65
T HVEEA T S S N SRS 2, B T R R RS N A [10158 i 25 K
t-attention ¥4 3R VG Sk R A5 B A IRV

R AR R N SRy R ] ] e, eSO o R R g e T Y R A A AR TR R IR SR AR SRR
B T AIE B 22N AERE, RGN EEHNE R, Wilks [LLEF 70 1 i 5t 58 5C
AT AT R VAR E T IA B — R FE RT3 08 o 17 3T TR A 2 [ 1 2] Sl S b o B A58 P 478 A 4o £ X 4% R s B
UF 0 A SCR) TR ()38 4 1 . Wang [13]% N TR 2 uURHE VA (S B S 5| N A PR 4R T4, SN FI W
£ 11 1] [ AR O ] M R SR 2 TR AR L, RS TS 3G T i xCHb in A A SGERAE AR
g 3 R A ) RO RIS RS e

3. BXFH&E
3.1 EEENX

kR =A) 7 E4E, BRSO K B K A) 1 b, A P B ) A ] 1 7 A8 BB I A1
BT 2 B4R TR B AZ O A B S T A R B AR A . RO AR B

S = (W, Wy, -, W, ) (1)

W, 7 2H R 1 R B TR o JE e N o iR ) R A R g A R R R e (R ESCRT R . B A AR
X A— R Y = (Y, Yorr oo Vo) » 3oy {01} o HPhr%s 0 FoRMIBRIZ SR, b5 1 FORIRE 1%
HuE . anBlinge 1 BE R BRTR

Table 1. Data example
=1 BRI

Ji ) iR PR

Eurozone business activity slowed in

October, coming off a 27-month high  Eurozone business activity

in September to highlight concerns the  slowed, coming off a high i é é é 8 2 1 i é 2 é é
economy is recovering only slowly in September economy is 00000

from recession, a survey showed on  recovering slowly.

Thursday.

3.2. BEAXER

ARIAEY T Filippova fiiT#g ) 3 J2 LSTM &5, $2H 7 LSTM-Res M4 . [RIFEEH 3 Z/) LSTM &5
FIVE R YmID2S FARRD 2%, 22 )2 1 48 25 R ] DLLEAS [ 3RAS (R LR 4 1 R A8 U S . BbAh, =235k %E
W4 [1A]0 A R, TEAR IR SIS TP 2 — J2 A1 58 2 B 28 438 3 21 AR 4 RN v 4 A8 B InE N SR =2 1)
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LSTM N . @453 —EME ZErmt 458, REmMiRAERE 2 2 nE 58, i i
RN H AR H L *’JﬁullLSTM Res 254 7 o
Y, Y,
) ( 3\ )
LSTME | — — | LSTM§ | — | LSTM? | — | LSTM? | — | LsTM? | —
(i\ ) ) ) (i\
LsTME | — LSTM LSTMY LSTM3 LSTM3 | —
LsTME | — — | LSTMf | — [ LSTM? | — | LSTM? | — LSTM? | —
I I
X Xy <SOS> X, X,

Figure 1. LSTM-Res structure
1. LSTM-Res £5#4

B =2 LSTME ARERIDES, LSTMP FoRMimes, H MstrfonR e 28, 1EAsh
AR Xy B X Fon A7 g N AR R R, R A TR RN B A 2 2 R R S R AR SR E
fiERas s 18 <SOS>{F i e i m th (bR a5, PR SR ) (1 B SN BSR4 2%
MRS LR 5 H N B3] ORFF — B o U B> B ] of 82 A 4 E Y D0 g A B3 0 2 1 R 0 26

3.3. IBEHFE

AT IRGEAES T, AEE RS R R AT AR, E AT RS AR LR TR AR, R @
N FRIA A PR, RERE B A AR A R X T AR, AEAKIR LSRG E ] spacy SREEAT 7>
A FAE PR AR, BRI > 17 MR N 2 1A MRS R .

Table 2. Symbol of property of word
2. WMFSFRR

FRvE s 2 gl P 2 )
ADJ B2 1] DET PR 52 1]
ADV 3] NUM Hi]
INTJ IR PART T

NOUN EA5| PRON R
PROPN LH A SCONJ M % 18]
VERB ZyiA] PUNCT (79
ADP A SYM s
AUX B3 iA] X Fofln
CCONJ TR

B 1A SRR AU HEFE b BA AR, T A A [15]. B eR L A1 UK [16], 1] ] & R g R
SN R R TR AT R, TR R T R U & 8 I <OOV>REAT AR . 2RI, PRI A A2 4
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%
AT R A T E A RS, S <OOV>IEAT B A0 e K& ] S5 B o il A ] 144 5
REMS — R R X AR L, BRI 3 Baltr E PR .
Table 3. Data flag example
= 3. BURIRE R
JEA) T [l Ar bR & FE454)

Serge lbaka - the Oklahoma
City Thunder forward who
was born in the Congo but
played in Spain - has been
granted Spanish citizenship
and will play for the country
in EuroBasket this summer,
the event where spots in the
2012 Olympics will be de-
cided.

<0O0V> <0O0V> <O0V> the
<O0V> City <OOV> forward
who was born in the
<OO0V>hut played in <OOV>
<OOV> has been granted
<OO0V>citizenship and  will
play for the country in
<OO0V>this summer, the event
where <OOV>in the 2012
<O0V> will be decided.

<PROPN> <PROPN> <PUNCT> <DET>
<PROPN> <PROPN> <PROPN> <ADV>
<NOUN> <VERB> <VERB> <ADP>
<DET> <PROPN> <CCONJ> <VERB>
<DET> <PROPN> <PUNCT> <VERB>
<VERB> <VERB> <ADJ> <NOUN>
<CCONJ> <VERB> <VERB> <ADP>
<DET> <NOUN> <ADP> <PROPN>
<DET> <NOUN> <PUNCT> <DET>
<NOUN> <ADV> <NOUN> <ADP>
<DET> <NUM> <PROPN> <VERB>

Serge Ibaka has been
granted Spanish citi-
zenship and will play
in EuroBasket.

<VERB> <VERB> <PUNCT>

TR FAROR G LIRSS, 2h) 7 BURRRR N\ 44 Hh 4 BN PRI 2 ) i A<OOV>£4F,  ILiN i
LA TR 1R 1 7 BAE — B FE P A n] DA G R ) R RS T 1) . BBl ) A 44 Serge Tbaka F
JE%50 Spanish #3{# FH<OOV>Hr &, HIEIMAN T %A 417 <PROPN>HIJE 28 <ADI>E Jbrid: 1 —4%
S5 i has been granted U #i A5hiRI<VERB>., * T KZHIFRIENA TS, HIZ 04
SMAEAE TREASE A B — B, WX T A S R o 500 & EEE R ANB, 18E N2
E, ERLXAE RIS IA G BB, GE e R RG] S A R
T I 25 ] VA R TR X 8 AR AL B HE SR AN 1] 2 i) 38 Al 2 SR AR S5 M IR «

e wak |
i ¥ L &
% > P 2% i
(5] ki - /':U
o > itk ]—»
- J N J b ~—

Figure 2. Encoder and decoder basic structure

[ 2. YRiS3R RIS R B AR LA

SR R AT BEAT TRALEE, B4 7338 LA RO R AR S AT IR A . 49 26 v AR 1] ] B AR 1 1)
R ] 17 B AR ) B N B R ey, 2% B 45 5 ] P e B ] [ e 91 e 2545 2 IR 48 s R )

3.4. BEFEBING

N TS B MR R R AL R ON R 2%, AR SO Y — R A I R S L A R I AE A2 R 4%
(Syntax-LSTM), f# Fil &) 7 IIEIRAE 4T 1215 5, AREEAE R RS SR A& 1t Flr. 128 B ik
HEZR DN P 3 A TRV R I L B R A A 45 44 P «

i N 1) A % P ERD B3] P 300 3R] 1 47 23 S AGEFE RS ST (1 0 5 5 AR D 2 AT G R o SRR 2
Mait EEIF EOCR A LSTM-Res. XF T #3251, A A0 fih e P 28 5 R R BEAT A5 D 3R [
b, TEPEAE SR AR 22 I 2R e 51 B ORHR . AR P AR L AR R A, HES B A R
Y, LTS ROHE R AU, A IR AL 0 2 S5 RE s S A M i SRR AR S, AT R £
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17519 ARSCE T —FPar A 1521320 LSTM (Syntax-LSTM) 25 K475 4 B 1] F7 51 Al 4, A FH X AMTEE
IR AL ROTERE R IBU R TS R 2% it 4 SR AT PR ) DAk 2 JE OR300 IO A A n ) 4 2

R 2544 -
MR

_____________________________________

%
=
:
'
JdH
i

{ i
s — —p wEE |

Figure 3. Encoding and decoding structure with syntax attention mechanism

3. HHIBRIBNIHIR RIS RED LR

y i-1 y i y i+1
Syntax Syntax Syntax
LSTM LSTM LSTM

/ xi i
Si 1

1 Si+1
. LSTM —Res LSTM —Res LSTM —Res see
Pi-1 bi Pi+1

Figure 4. Decoder structure
& 4. fRRDERLEN

P o)A i I 2 B N R 1, BN B ARRS AS e 15 Bl R S S o ERRREIEAS S S A
N GFE AN |2 FAE % — IR B E] Syntax-LSTM, it X N FRAE y;
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XtF Syntax-LSTM, fEJ5A ) LSTM Z5 kg B8 fin—ANEA 45 i (s B AT 4%, JF H s PR

T g AT i . BARGE I E 5 Syntax-LSTM 45 /4 s «

» C;

ht—l >

:ht

Figure 5. Internal structure of Syntax-LSTM
5. Syntax-LSTM A &RLEH

Syntax-LSTM ¥ TAEJR B4R
f, :O'(Wi X% +U; 'ht-1+b|)
i =o' (W, % +U, -h+b )
o, =0(W,-x+U,-h_ +b)
g, =0 (W, s +U,-h +b,)
C, =tanh(W, -x +U,-h_, +b,)
C =f®C_ +i®C,
h =0, ®tanhC,
Yi :gt®ht

O]
©)
(4)
®)
(6)
U]
®)
©)

FHorp x, SRR AT ST HAE B Cy M h, 20 R s A b —5 A3 I SR 4E MR A (cell state), FIFEE
RZS(hidden state) . f, F7niE 1] (forget gate), 26 E—Bf Zf& s RS R E AT EF: | B
[J(input gate), ¥ 4 ETH 25 B2 A MBI EIRZESH; o, Forfi i1 (output gate), FEHilIESFAE Y
BT AU A5 B o Ak, (EFAAMA(E 2 s, RIRERL T SCA Hh 1) PE ARG 45 PR H SR B 2 s i 46 3 y,

Ty, EI XAy SR A A R A SRR .
4. BIEREXE
4.1 FEETLE

T BN I H R R 2 IR S, RSN N AT AR EE R . A SR 2R S48
Filippova [17]AFF 4 J3 2508548, X HEEE >k B 25 38T 15 (Google News) AL R “ bRl - Bl ” A)

DOI: 10.12677/csa.2020.103058 570

VAR 5


https://doi.org/10.12677/csa.2020.103058

Vil

48

TR, T S 2 bR R ) AR EAT BT, (R R Oy R R R )T A R i e,
A5 B BR =N A) 7 R 4R T 7 B0 “J5A) - R4t “PATIER . Bl =4 36,000 4&A) 754l
SR8 FH TR S5, 2000 25560 E AR F T Il a7 o (1928 XUBRAIE, 2000 22 2% MIHASE FH T e R B 2R

SERGSRH T IR H AR TE S A T H spacy W A)FHEAT T 0l SR TALEE TAE . 6 5 il i) 1) o,
KT FFIE word2vec H (1 skip-gram Il 2577 203 T AR B SR HEAT VI 2R 445 20 4 5 0 97 1Yia] ) &2, i
FH TN SRt 1] 1) B R s — s R EAR R SEIOR . th Tial i B AN SR Tl s, @ S it B 4E ik
HH 1] A3 = ) 8000 A T 4] s il LI ZAt AT ] 14 1] [

T B3R SR ) B R R 5 <OOV>1E bR IR, TEA) T IF Sk I <SOS>ME N ) I Uh bR & o
AR —, ARSI E T Gk IR 4R 7] KB, EFE T 120 M RIA A, BIXF/NF 120
WA, EFH<PADSHEATHNE, TMxdTEH 120 N EaA R A) 7, TIHER H ) Ba BB T 8 £ 35

BeAt, R ARUAT S Sk 2R f) 7 R 46, DA T e B i ) 0 45 i 1 )~ AL 3 o IR PR A 2
PR 0 Fonh) I Z R NAZ g IR, Tk 1 R R Bia ROZ R, 17 <PAD>FI<SOS># 4>
D4 AR ZE 2 HEAT X AR

4.2. SKWKE

AR YRSB4 B ) G R AR R 25 (0 A N 4 B RIS 2 4k KN — e B0 100,
Lty N B e R () L) O7 4R, MR RBI 3 MNEE AR ENL . TEgISIT B, PR EAi AT
PRGN 05 TITEMRSEN BL, MuTiA bR AL B E— MA bR s 45 e, AR 1. 20 3
SR AR AL ERIEE 1. 20 3ALE N 1, HABALE N 0. @ E RS R, B LA AR
I SE B N — N 05, AR RS A bR AR S S 2 mr T A

MR AR UCHHE T F AR SO AR B T e 4 BEREAR S B e 7 a0 I HER A T 3R AT 1R e
[18] (early stop), I UFLER F1 HUEEL 5 A 5, 1k,

Table 4. Model basic parameters

4 BREESY

S BEE

BRI ZREe %L 50

HEKN 2000

=k 0.001
NGNS 120

[EE: F NN 8000
][] B A 97
e B R 100

43. EWER
ASOO SEIR 25 R B PN FaAs BT FL 3. DARJEEZE CR(Compression Rate) — & # AT & . F1
Fabr & — i B B IR ARSI R 3R . HRR W

precision - recall
precision + recall

Fl=2 (10)
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ERAX A K precisionF s AEHZ, recallon T BIF . FRAE A S — PRI IR 6 1 R4 5T 5 5 5 L)
fabs, HitEAAWF:
CR = Nﬁﬂﬁ)ﬁ"ﬂffﬁiﬂiﬂl (11)

Nfﬁﬁ]fﬂiﬁ#{

XTI —Fahr i) B A R 4R R e 5 R AR TR AR —3, 456 FL 8PS, CR et — e/
Ui B 48 J5 18] 1 78 0 R AR 1 I HBEARAE SUORBE e %

= 0 HE K RN 2% 5 B Filippova $2HI =2 LSTM &5#4, —Rhvfi F WA LSTM B4l 3k a) 1Rl 5
T SUHFREAT AEAD 1) X 245 25 K4 LA T AE PR 2 LA B0 R G0 R 32 HERTEXUA LSTM I 8EAE Eoin N3 = Ll
(Attention), —FPEFXTTA) T E4EAT 5555 s 42 H R T-Attention 4544, /2 HATHY state-of-the-art. 5236
MR 45 4042 5 Google News $#i 8 LI TR

Table 5. Performance on the dataset of Google News

%2 5. Google News #iE&E FAYERIM

Approach F1 CR (Ground Truth: 0.401)
3LSTM 0.7577 0.3749
Bi-LSTM 0.7510 0.4026
Attention 0.7631 0.3711
Bi-LSTM-TA 0.7698 0.3783
LSTM-Res 0.7706 0.3742
LSTM-Res-Syntax 0.7742 0.4025

B Ingk 2 459 LSTM-Res A EL Filippova =2 LSTM £5#) F1 ¥/ L& i 0.0129, 3 H & 52451
145 % state-of-the-art 1) Bi-LSTM-TA #8244, MBI I NEE(E R, NAE LSTM-Res X AEJFA (1Al A
FreTt, JFH DO E4EF CR FINASE FIARAE 48 R oA« T 1R — SRR (0 )1 2 8 1) il
A, IINEIE TR RSCR S 24T state-of-the-art £H24.

N TP B R ) s sz A Re 7y, N TAEH T 5 N SREHE A R RUE B S /R XU AN [F] 1) NBC
News £ #5852 Rt — 20 (50 E -

Table 6. Performance on the dataset of NBC News

5% 6. NBC News #iE&E FHIRIN

Approach F1 CR (Ground Truth: 0.6947)
3LSTM 0.4054 0.3177
Bi-LSTM 0.4007 0.3243
Attention 0.3963 0.3042
Bi-LSTM-TA 0.3918 0.3000
LSTM-Res 0.3958 0.3024
LSTM-Res-Syntax 0.4186 0.3274

% 6 NBC News ¥4 LRI AT LA F, 1£ Google News [ R4 R I — %K) 3LSTM F1
Bi-LSTM £ NBC News "3RI K 4F, iX —EFEE i W 7 ] B 9 28 R o T B —30dis B il & A g ir,
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HBESAEA FERIR AR R H A B T RIFANZALRE T AHELZTR, JRASRILR AP Bi-LSTM-tA fEi5
A G TP RIS T O 22 TR 1 D065 B 0 9 PR R R A A A 12 AU B a8 R A A 8 22 o K 1 K
IR RAT A0 A SCER NN T 3892445 B LSTM-Res-Syntax M ffi #¢ 7) 7 o il AR R
BN TR I A R iz AL e

5. &hig

A SCHR Bl R EAEEE B AT R8T T, SORMER 7R P 50 kA R TE S
SRJEFEH T — Pl 12 R BOEVETE & M Syntax-LSTM, il X — 198 i 1), &t T
P AR RS KA SAPEAR EE BRI T S, AR — RS L, TRl AS [ 1 ) 3 AR e B A
F € AR, AR IR SRS, BEE AT 2SS X O BAT SR AL RE ST . SR SR
3 7 H TR state-of-the-art #1241 7340, FAERS GTUEAHR S NBC News _ERTEREIIIL T HABAERL, b 1
GOTERA B &I IERYE . T — PR EE T HESIABISCAREAE S, 2l AR 20 75 50
A 2 AR T

E&WmE

B 5% B AR 55 4:(61876043); | /A H AR 3£ 4:(2014A030306004, 2014A030308008); | 44
FiH8I(2015TQO1X140); | M T ERIL A H & (201610010101); | M T BHL+%1(201902010058); NSFC-
| ARBEA HE4:(U1501254).
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