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Abstract

The task of AMR-to-text generation is to generate text with the same semantic repre-
sentation given an AMR graph. This task can be viewed as a translation task from the
source AMR graph to the target sentence. Some existing methods are currently explor-
ing how to better model the graph structure. However, they all have an unrestricted
problem, because many syntactic decisions in the generation phase are not constrained
by the semantic graph, thus ignoring the syntactic information hidden within the sen-
tence. In order to clearly consider this shortcoming, this paper proposes a direct and
effective method, which shows the integration of syntactic information in the task
generated by AMR-to-Text, and has conducted experiments on Transformer and the
current model of the optimal performance of the task. The experimental results show
that on the two existing standard English data sets LDC2018E86 and LDC2017T10,
both have achieved significant improvements and reached new state-of-the-art.

Keywords: AMR-to-text generation , Syntactic decision , Semantic constraints ,
Incorporate syntactic information
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1 58

Romneycare

Kl 1. “It begins and ends with Romneycare .” 5 AMRE A — 5+

WZIE X KR (Abstract Meaning Representation, HHTRAMR) (Banarescu et al., 2013)75'—:
— MR B URR T, B AR PSR MR TR %O B N M T A 27 B8 LS
My, R ER—MEBERE T E RGN B 128H T — PMAMRERE], €& HA) F“It
begins and ends with Romneycare .”JHZ AL » S A1 B9S2 10 1% il 5 A MR B A7 O HE & 79
&, (concept) , WA “begin-01"Fl “thing” 55 75 SMRAE R ML E: - MRS 22 18] A9 A B 5% 28 0 s Ak
Zhih (edge) . R MG Z BIFERIE SRR, HIT“ARGO” #“opl”4%5 . AMREITEIE
NEAHRCAEE T ZHINA, 5 BAEHL T (Tamchyna et al, 2015), [ &% (Mitra
and Baral, 2016), ZFEEAE(LL et al., 2015)% HRE S M RAESZSHBER T EE - S51HFH
IF,  AMR-to-Text 4 BRI FERANZ B T ORI E KT -

AMR-to-TextF U 7E% EAMREIRIZEAT T, HEhd tE RTE LSO - ZAES AR —
877 (Flanigan et al., 2016; Konstas et al., 2017; Song et al., 2016; Song et al., 2018; Beck et
al., 2018; Damonte and Cohen, 2019; Zhu et al., 2019)&8%& BEAE R AN B & RFFITERE, N
T 80 T A I AFAE R AE LR -

B TAE2 R ZET 5T 7 #(Pourdamghani et al., 2016; Song et al., 2017; Flani-
gan et al., 2016), Ff/5Konstas(2017)¥ % LSS5I AE] T FFIEIFF] (sequence-to-sequence,
B PRS2s) M b, W A K ERHEIZ M 4% (Bi-LSTM) #1T9m 1t - {H 2&S25M Y 75 2
REAMREHAT I 2@ N AR, XFESIRRENERISHEER . Bib, H T EFRT
FRFTEE, BeckS(2018),S0ng%%(2018),DamonteZ (2019),Guo®¥ (2019),Zhus% (2019)#z
H T ERIFFF (graph-to-seq, HIFRG2S) HIMELE, i FH B RN AMR BT S - SR,
fATTHY TAEERR: ) FRom N BIA RS, HIEZ R A) T HBERNAEEER - sEf)—25
WRA, RIEEARAPTIER, BEERICIENFHHIRIRZE A B (L et al., 2017) -

B0 EARFAAER R, AR — R ER BT EORRAGNEE R, M4 R 4 Al — L2
ELAR I EATREN BB AR S #H T MBS T BFRIEAROTERE R, R IGER
T S2SH A A Transformert& U FIG2S FF ILAF B L IR (Zha et al., 2019)3 47 T 25 - R4,
TEP 3 PR S SCEUR B2 LD C2015E86 FAILDC2017T10_F#EUG T B& MRt -
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R4 F:
It begins and ends with Romneycare .
JRIEAMRIE] :
(a/and
:0pl (b / begin-01
:ARG1 (i / it)
:ARG2 (t / thing :wiki “Massachusetts_health_care_reform”
:name (n / name :op1 “Romneycare”)))
:op2(e / end-01
:ARG1i
:ARG2 1))
LM Z 5 RIAMRE]:
and :op1l ( begin :argl it :arg2 ( thing :name ( name :op1 romneycare ) ) ) :op2 ( end :argl
it :arg2 thing)
2. —MAMREEMHEAL RG]
2 FMXIAE

H BIAMR-to-TextFE B A S KRBT LA AR BTSN IEME T HEMLE T TT
o METHEMERITTE, IAE AT L Fseq2seqffigraph2seq i 2 -

2.1 ETHIHHAE

FLHA 28 W) 4% R B MBS, fFEAMR-to-Textd: % B B9 TAE RAME B TRt
1% o Flanigan®$(2016) K AMRE ##e 7y A 38 RO A AU, H R -8 (tree-to-string) 55 #i 2%
AR o SongE(2016) K — MAMRER B T2/ N R B, HAERPTE A BsE, &%
SR AERRR T SOIRAT 7 PR SR 7 B 8 EF - Song® (2017) fEF [F]2017 U #iE
ERITAMREHATIENT, AN AIATF - Pourdamghani®s (2016 ) K F 2 TR & IHLZsB1%
MBS 2 A AMR B A T3

2.2 ETHEMEHITE

BEE 2 M LE B4, SOl BT 5T #02 A M E 48R A B - 7ESutskeverS (2014) 1k A
TR M B 2 5, KonstasS5(2017) 18 H 5 FH P51 2| 751 (S28) HREAY R A Al 3L
7, A ALSTM X 22 L FIAMRE H AT 9 - R 1 PRI A4 s 09 SCAR B 3 & B A
%, Cao%5(2019)K AMR-to-Text 4 B IAESS IR BN P58, Sefd B AVER A L0 & 6 i B
PR VAL, A TN B A B A B A U A S I AR AL AT F - (R AR T
IRE MM w2 R, I BRSO A NS R, 8N T ME R E ZRERSEL .

BEfS, BT fEiHseq2seq BBV AMRE &1L 2 JF 5 B R AR, RS I 53 71 A T
EEAMREHEML . FE]FF] (Graph-to-Sequence) REH M F FFE|F5] (S2S)
B, B ERESLSTM(2018),GGNN(2018)45 « EIIRSLSTM# i 8 42 A R A HeAH 4R
FE BRFEF T A - R8T SN — 18 ITRFEH LEE - GGNNE— &
TIIEMEHEME, FAMRE S EEMMAGERE G, HFAKAGEEMEAL T A, @
BT SEBIERBFEN, HE THREEEFENERE . EETHRRAMREFTEAT A
AR &, Damonte®(2019)32 i T —FHER X AV ig 2, HH & 45 AR 1 25 W) 48 1 A M LS TMHE
A - GuoE(2019) 52 i T — MR EZ E B ML (GON) HiIFARBURHS ER/EE
B o Zhu®(2019) fETransformer )2l £, 5% (Shaw et al., 2018) X HHXM I EREEAME &, &
Hi 7 —FhStructure-Aware Self- AttentionF) 2 A% 5 12 AT LG B 4578 A A B B 99 1 s b 4T 2 B
B (MR A Z ARG EHEME) | EIZES EBUS T RS -
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3

AICRA T B EENEEERTR! (Baseline) -

1. Transformer, 7o Hseq2seqiiZy, EW)H T S 2 BIEAG11E T HESS (Vaswani et
al., 2017) -

2. Zhu%(2019)#& H FIStructure-Aware Self-Attentionf<Z, H FilfEAMR-to-Text 4 AL ESS L
WS T B HIPERE -

3.1 FHUEFEHE1 (Baselinel)

3.1.1 Trasnformer

Baselinel & f# A i) Transformerf& &, &% T Jafd25-fE 1525 (Encoder-Decoder) HJZE
¥, HYFZ IS es g2 ERAER . B— 1w BEENTTFZE: BEBRIVHEEZE (self-
attention) /5 H BEE N IHHEMLZ (position-wise feed forward) - BIERNEMFAT £
MEBE L (attention head) , HEBNMEBE N LMERITERNERZE, FRETEER
ML Z R - BN ER LA STRER SIPLE (scaled dot-product) BitBEEIA—1F
o = (x1, - ,zn), BEI—DREEKERFITIZ = (21, -, 20):

z = Attention () (1)

Hez; € R%, z € R4 §— PRIt Rz REATTE LI HAT AU

2= o (1;WY) (2)
=1
HAWwY e Rlexd: B—AA[2 S HGERE. AZ2F IR = (a0, qn) ZET BER
DHHETIGEIR, EALHEEIR T R ETTRZ BRI R R FR - BRE, B0 IcHe; BHE
BRI Eayj 2T — P softmax bR EUTHFH]:

o exp(e;j)

Qg 2221 Cxp(eik) (3)

@) W) )
62] - \/@ ( )

BRI R, ERREERMA TRy Mo, MILEEE. WO WE ¢ Rlexd: ER[23]115

BOHEFE -

3.1.2 ZMEfLHiatE

(Al A Transformers&seq2seqi® Y, A R R P FIML BRI, BT LR ZNFAMRE #4746 1%
IR B - ZR3CR F KonstasS5 (2017) 4 H AT B2 10 55 08 [ 1) Ze VA0 7 1R R AMR B 3317 7
WFE, NTEEIE M EIAMRIE - R ZFT, EEBER TEPRZE - wikiBE RIS iR
%o B2BR T — 1 AMRE SN RG] -

3.2 H A2 (Baseline2)

3.2.1 Structure-Aware Self-Attention

Zhu%5(2019)7 & T 1R 508 BIER HHLHIMESR & 1 7 — Ml i S5 M AL TER I HLH], 1
KT R BAMRITCRRS (4, 25) ZIAIRRAITHD, HANSEEA .

(2, WQ) (a;WE 4 ryyw )"
e VT

(5)
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T

; z; GIRE P
begin-01 and :ARG11
begin-01 Romneycare | :ARG2| :name]
begin-01 begin-01 None

® 1 B — S Z R AL B Ao B

HAWwk ¢ Ré=xd: 22— NSHGERE. R, BHANFEH A2, HEWEBERRKEFENRH
H.

Zi = Z 0%%] (l‘ij + ’l“ijWF) (6)
j=1
Her, Wl e Ri=xd: B—NSHFEME - ry; € RERRTILEXN (25,2;) ZEAMPRR, B8
143.2.2% ) B — A B FRR -

3.2.2 ZIHEMESE (concept) X ZIEFIHERRT
L iARFIStructure-Aware Self-Attention /1 # 7] DA 285 BCE B AR E B BT R & X (concept
pairs) ZAIMEIGE KR - & WERGEM S, Bz Z BOTE (edge label) HALHI—FREHRE
SYEME SR Z B EIEM R R0 [N, B TXSTM, WEEF0EEEN AN T 77 1 FF
%ommn@%?l1¢%ﬂAmAﬂz@mﬁﬁﬁ§$ﬂ
WMECEETE T —MEWRERRs = 51,--+ , 51, DNERBEIEHMHERR =1, 1,
B Jm AU T B AR 2 ]_J%(Kalchbrenner et al., 2014) (CNN-based) ' 77 ¥EHRIKE A
2 SFIATL 6 M ERR ryj -
CNN-based
EHCNNRGIRRE TN RE— 1 2

conv = ConvlD(kernel_size = (m),
strides = 1,
filters = d, (7)
input_shape = d,

. . / /
activation =" relu’)

r = conv (1) (8)
KR m AR NE I E 4 -

3.3 BUEMEHT

TENZRAMR-to-Text BB B, BB RIEE FIRRS], W85 &2 B BEEFMEE B 5m0 -
N T REGGX AR, BB TAER R A B4 AR T3 TR R N B i 4% SR 2 I iF] (Konstas et al.,
2017), %%ﬁﬁiﬁﬂ%&M@hmma2m®%%j AT T L) 2 4 R 0 N 5
B ) B bR o AEARICH, BATRH#HF %ﬂ%ﬂ(m&)@mmmmmnzmmhﬁﬂ
%ﬂiﬁ*ﬁﬁk%éﬁmr AR B - BARIEZAE S HRHE S R, S T IR B AR 0 16
# o Zhu5(2019) ARSI AR TiZ LR 80 -

3.4 RERERER
B A LAEERZ 8 AT R T I 4R, B ARG AMR B 25 28 Al R B A1 F o A AT R HT
R AN AR RS, (R ZRS T )T ARG — L ANERENR, %E % R R A7 R R A A

Oéx RIS FETE 2 SRR A, BRI R —5% -
'(Zhu et al., 2019)fF T ZFUTIERES B FRTTE, ARO0ERE T CNN-basediX — 7 HAE B .
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H Andi )«
The girl took apples from a bag
VRS EVEN
S
NP VP
DT NN VBD NP Pi’
| | I A
The girl took NNS P NP
\ \ N
apples from DT NN
\ \
a bag
LM )5 I ENER
S NP DT the NN girl VP VBD took NP NNS apples PP P from NP DT a NN bag

3. —A~ B bRt ) F R BT A5 AIE R SR R 15

EER . N TIEERAAERS % > 2 H brvm ) 7R aNEE B AN ER S, ARG H— M B =7 1%
RN Biru I aEE R -

AlE B b avE (S B R E AR BARLE R B tnim A1) F 2 TG 21 aER, 2 5 BB iR E
SEi [ 15 B A P ANERE R A o ANERIPRETE UK BOE WFR, 15 4519 A A R A%
W o AR SCHE YIRS 106 43 1 FH 2 MR A0 B 605 4540 AV (Vinyals et al., 2015)E ¥ H brim 4]
T o WEBHTR, BT — BRSO TN BB S AEM A R G R . 2 B DA
EEMAER, SRR ASKEMEL, ©EE REFEEWITRIS - 1o, FEEH A%
WA SEHL, R ENTE RN R A+ BRI - fEREER B, AF/ERAEIREE
bRz, Wi s A s A -

ANFER R, AMRIREERE HIE L ANEREEGE - Bk, A0 H 48 1 AT 48

(Stanford Parser) (Manning et al., 2014)@ﬂ‘ﬁi}ll%%ﬁ%ﬁiﬁﬁm%ﬁ, AT ARAGEXT B 25 40 VBT

AR ERL (Silver-Standard) -

4 SEE
4.1 BiEg

FT VG TIERIE R, ARSI LDC A AT BIILAE R R  ARE T SRR AT 058, 405
& LDC2015E86 1 LDC2017T10- M{niERHESFIEE T 16,833 Fl 36,521 F&i)II4550E, H H

FEZT 1,368 FRIGUEEF 1,371 FMNEE o YIZREE AN UESE 5 F W iE 18 AT 252 3K HLE) B v &)
F TS N A Penn treebank-style XU HE5FE G115 o

4.2 THRE

AR5 HIEE A 10K F 20K FIHERCEST LDC2015E86 F1 LDC2017T10 W17 75 Akt
TBPE#IE - M\BPEZH Z 5 I ZREHRIE AR INCE, 2%GeH(2019)HLIE, =
TURNF] B PRI o T AFRIRT L, AT I A &5 RELT R LR T =K

ARIAEH OpenNMT (Klein et al., 2017)FIHEZR1E N Transformer B /RIS o 7578 2401
WE L, RN REESMELE N 6 2 EIas i, AI#EHbetal=0.1(Kingma and Ba,
2015)JAdam BB IE - BEBLMEEILE N 8. AL, A M EFFERCR S 4R AL E
H 512, #LEFEK/N (batch size) BN 4096 h THEEGTEEEEE, REBEENRA

*https://nlp.stanford.edu/software/lex-parser.html
3https://github.com/0penNMT/OpenNMT-py
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HEESY

System LDC2015E86 LDC2017T10
BLEU Meteor chrF++ |BLEU Meteor chrF++
(Konstas et al., 2017)* 22.00 - - - - -
(Cao and Clark, 2019)* 23.5 - - 26.8 - -
(Song et al., 2018)% 23.30 - - - - -
(Beck et al., 2018)T . . . 23.3 . 50.4
(Damonte and Cohen, 2019)F | 24.40 23.60 - 24.54 24.07 -
(Guo et al., 2019)T 25.7 . . 27.6 . 57.3
(Zhu et al., 2019)(CNN-based)| 29.10 35.00 62.10 | 31.82 36.38  64.05
(Song et al., 2016)* 22.44 - . . . .
Baselinel 256.13 33.08 59.36 | 26.98 34.36 61.05
+ Syntax 26.39 33.63 59.84 | 28.13 34.82 61.73
Baseline2 28.64 34.83 61.89 | 31.10 36.07 63.87
+ Syntax 29.71 35.49 62.52 |32.28 36.81 64.61

# 2. R AHIFEFELDC2015E86FILDC2017T10MIA 4 - FISLIs 45 B N 5 H BB A . * R
Fseq2seqiify, T X FKgraph2seqtEy, T (RFH A

KR 4. BRI, BRIARIEISN KB NS08 N 2150, 2 (EFRRERERID N A vr 4 pioh) F KR
TRt B KA BN 150 « AEFTRSEIEAH, U235 0.5 £E Tesla P40 GPU_EI%R 300K H{&ik. &
RIS S B YR /A MR Zhttps: //github. com/Amazing-J/structural-transformer -

N T HEIFRAEBIASOTERERNE, R T BLEU(Papineni et al., 2002), Meteor(Banerjee
and Lavie, 2005; Denkowski and Lavie, 2014), chrF++(Popovié¢, 2017) ZFiFllFEFR - BLEUZ
ETHBRREL, W& RET A TR - MR, 5WNERECE LT ALY
e

4.3 SRR

FLEH T A EERE AR A T B hnim A)E(E S BTG AMR-to-Text 42 AU REXT HE. -
NFE2RT B Y, Bia BMmaEEE 2 S, AMR-to-Text 4K FIMEEE & B2 - EH D
A AR E T1.26#11.07 (LDC2015E86) , 1.15%11.18 (LDC2017T10) BLEU . iX
WHE SRR, 7B AGEE R, LA B AL 25 5] B A) F A — SRR, AR
A RS2 R B AIE (B AR « 1T IES B TR AEERIE A 5 BRI B 7 15 U(Li
et al., 2013), AICH—BIERH T A RIESH B irm@ A 6)i%E B R UG & B2 3R A -

FUMMAH TEEENFAFEREZES LA ERER . EBEEDN
5&, LDC2015E86FILDC2017T100 %5 ik Mt S E AR A, X 3 g IR E M £
T—EELA . NFR2AILLEE], Sseq2seqfiBUAH L, A X Mbaselinel i 2 EEHEM T E
1, H#EHEMANGEEER (+Syntax) ZJ5, HRKAREEHEZMWET . Baifkm MG
FEZhuf¥(2019) 42 H FIStructure- Aware Self-Attentionf®% , AIFEEANEMZ S HFRIFEHEE
EHREER, QLS THRREIMRE (SOTA) o A LUERAR SO 757518 F #Eseq2seq Y Bl
F graph2seqfifd FERERL -

4.4 SEEEYIGRES A

ATCRE B b G5 (S B VAR R H b A 78 oy SR LA VAR, NS Rt
FEMEN, MMEREH ARAEEIENSE, XWEATEN—KRILA - B2, Hirm
AT B S AR 25, ERFIIRE MR, X2 S 2GR Al BS L
BN o ST, A baselinel BT AELDC2015E86 F#t T II4R, F83%— R IR AR 18] A HE
288ty (N4.807081) | TRELE BiRmANAEEZE, KEHEDR34580 (£5.7508) -

4.5 e ARIERAITAE BRI

MEREE 45 R AT LG 2R & B bR 6 7 #9 A) %5 B AT DL 2 4R T AMR-to- Text 42 A A 1
e, (HREN THFTIAIE A AEE X ERERER N ERL, AU T #t— P B S8R 0T -
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|

(S (NP (DT the )DT (NN girl )NN (VP (VBD took )VBD (NP (NNS apples )NNS
(PP (P from )P (NP (DT a )DT (NN bag )NN )NP )PP )NP )VP )NP )S

S NP the girl VP took NP apples PP from NP a bag

S NP DT the NN girl VP VBD took NP NNS apples PP P from NP DT a NN bag

R 3. ZIRERMELEE AR R G

[

BLEU | 24.84 | 25.89 | 26.39
£ 4. =P G ANERELDC2015E861M &R I TERENT HY,

RSN, AR T =PRI E S A ER G E SRR m - B—MEXE
BT — 1 ZEOAERN, NMURE TEENBITE T &, G MENT S8 T4 RRE, §)
WINN,)NP,)S% - 2 M E N S a8 RIS, HENTHEaTFHKE, BaiE
PR ERERRZE M R, (RS AIEM B E T AUS, AIBRWDT, NN, VBDEAMERE - =/
MRS R A E A B AR T SR fia bR .

AIFELDC2015E86 M5, ik =FhaNER BT 20 15808 - WRArTLIEH, 2
FRE—MEARE, HitRE. RATCSF BEiRmia FEEILERE K, MoRHHE T8
BUR2E S MERE « EE — MR SR = A USRI FIPERERT LUE PR & R IS5 10 A0 V50 AR AR R
%ﬁ%%ﬁ%&ﬁ%%ﬁ%ﬁm,ﬁ%m%mmﬁ%%ﬁoKIW%@%%%E%@%@M@
ERETER

5 &5

ARIFEH T —MEEMA KB T ERE Hirmf) FaEE R, I B7E&M Mseq2seqi®
B Transformer - A S AMR-to-Text & Bt 55 o s A0 O AL b BRFEAT 17 5248 SEAS 25 SRR,
5 A% T EE R I RGBS B bntm A F B AEE BT % >), TTHE B AMR-to-Text4E A B4
AE . FEZESHRMEREM RS EE 1.07 M1 1.18 BLEUERERA, 813 T H&&E1T
At AR TAES, HTANESITMERESEE LB PR, LRSS IRERAIES T
5 AMR-to-Text 4 i tE:55 2 [B] FIHK 527 >) J5 ) -

2% CHk
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