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FETIE

SR THFIEMR R HME T RS BBEMRE (Synchronous
Hyperedge Replacement Grammar, f&#R SHRG) HiEX B S#i A%, £
ENALT =15

o BT ELLIF B AL HTEE (Span Parser)

o SHRG iEBERE

o BT SHRG HyiE Xy

HERIFT Python #1 PyTorch SEER, {RA4Y 5.5K 17.

1Y, Chen %. “Accurate SHRG-Based Semantic Parsing”. In: Proceedings of the 56th Annual Meeting of the Association for
Computational Linguistics (Volume 1: Long Papers). Melbourne, Australia: Association for Computational Linguistics, 2018-07:
408-418. https://www.aclweb.org/anthology/P18-1038.
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https://www.aclweb.org/anthology/P18-1038

MRE

B#IES &I (Natural Language Processing, &R NLP) 2F|Hit&EH
Haha . RIEERIESERNM R S

o BAAIEEEME (Natural Language Understanding, &#R NLU)

o HARIET AR (Natural Language Generation, f&E#R NLG)
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MRE

B#IES &I (Natural Language Processing, &R NLP) 2F|Hit&EH
Haha . RIEERIESERNM R S

o BAAIEEEME (Natural Language Understanding, &#R NLU)

o HARIET AR (Natural Language Generation, f&E#R NLG)

- L W (RI) ., ., . @E(BRESER) _, —
=8 (AR) ——— FE=He = JRET (HE)
fRAg (I2fE) R (BRIBEERK)

55, BEHSIRRRTNER

F&Z (EECS) Sk AR A i 3 2020%6 890 3/38



o iFlfx N\ (Word Embedding)
o Alik4#T (Syntactic Parsing)
o iIEN 44T (Semantic Parsing)
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o iFlf#x N\ (Word Embedding)
e word2vec
e GloVe
e ELMo
e BERT
o f)i%x4#r (Syntactic Parsing)

o iFEX 4 #r (Semantic Parsing)
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o AR (Word Embedding)
e word2vec
e GloVe
e ELMo
e BERT

o AIESHr (Syntactic Parsing)

o MSSHT - FIBLEH
o IRTFSHT - IKTFLEHE

o iFEX 5 #r (Semantic Parsing)
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e Al#R N (Word Embedding)
e word2vec
e GloVe
e ELMo
e BERT

o AliXk4#T (Syntactic Parsing)
o TSI - IMIBLE
o IRTFESHT - IRTFLEH

o BN 4 #T (Semantic Parsing)
o IBERIER
o IENIKTFHE
° *EEIL, BXHE

o Emtik7FLst (EDS)
o HFRIENFT (AMR)
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A)iELEH (Syntactic Structure)

Syntax is the study of the principles and processes by which sen-
tences are constructed in particular languages®.

2N. Chomsky. D. W. Lightfoot. Syntactic structures. Walter de Gruyter, 2002.
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A)iELEH (Syntactic Structure)

Syntax is the study of the principles and processes by which sen-
tences are constructed in particular languages®.

[GEeapretk
Constituent Parsin —
o ETx Ttk ZEAM Constuent Posne) uoim ety
. . k17547 (Dependency Parsin .
o fREgyih SR Depencency Parene) g gtity

2N. Chomsky. D. W. Lightfoot. Syntactic structures. Walter de Gruyter, 2002.
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A)iELEH (Syntactic Structure)

Syntax is the study of the principles and processes by which sen-
tences are constructed in particular languages®.

A aIELE:
o J:Tj[i'ﬁ?éj‘[;’% B4 44 (Constituent Parsing) %_L'LE' 1:,]
o ﬁET‘B‘E,ﬁ {&k7F 5 # (Dependency Parsing) ﬁ\zﬁéﬁm
=MamAE:

o HPFIRFEHFE (Transition-based) B A%
o ETF#iF (Translation-based) By i%
o ETEF4fE (Factorization-based) By FFi%

2N. Chomsky. D. W. Lightfoot. Syntactic structures. Walter de Gruyter, 2002.
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SiELE ) (Phrase Structure)

S

v
T N

Adj NP \% Adv

| SN |

Colorless  Adj N  sleep furiously

green ideas

[E]: “Colorless green ideas sleep furiously” HJ4SiELEHY.
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4 (Dependency Structure)

(AMOD
[
Colorless green ideas sleep furiously

[E: “Colorless green ideas sleep furiously” BJRKTFLELS.

E#% (EECS) IFERAFRRAEEWIR T 2020 £ 6 A9 H 7/38



HFIREETE (Transition-based) B A%

EH | wE B i
1 Colorless &t
2 green Colorless My
3 green Adj Bt
4 ideas Adj green My
5 ideas Adj Adj i
6 sleep Adj Adj ideas My
7 sleep Adj Adj N b E2)
8 sleep Adj NP R

F<: “Colorless green ideas sleep furiously” HJFEi#H-MASHTILIE

E#% (EECS)

IFERAFRRAEEWIR T

2020 £ 6 A9 H
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HFIREETE (Transition-based) B A%

5% | W@ & S
9 sleep NP it
10 furiously NP sleep k4]
11 furiously NP V Bt
12 NP V furiously R
13 NP V Adv Y
14 NP VP My
15 S gZR

F<: “Colorless green ideas sleep furiously” HIF#-MAH HTiTIE

E#% (EECS)

IFERAFRRAEEWIR T
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EHT &% (Translation-based) B 7%

MeEEE EEs 2R g
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EHT &% (Translation-based) B 7%

MEEE: EEs 222 BinE
WEMT: BRIES PEEE mn)y ki
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EHT &% (Translation-based) B 7%

MEEE: EEs 222 BinE
WEMT: BRIES PR ey Ak

(S (NP ( Adj Colorless )
( NP ( Adj green )
( N ideas ) ) )
( VP ( V sleep )
( Adv furiously ) ) )

E: FEFI{LRY “Colorless green ideas sleep furiously” EiEA)iERT
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HFEF5H# (Factorization-based) B E>

ESHRE:

O FAEMRISRESNFLEN, FEURMALAS
O KM AFAAWRHNTEN, [ESNTFLERIFHE
O HMEITHRE, RFENFHEURIEHEITS

0 EFSHESHN—LTEN, AGRKIGENAER

3R. McDonald. F. Pereira. Discriminative learning and spanning tree algorithms for dependency parsing. University of
Pennsylvania, 2006.
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BT EF45 % (Factorization-based) ByF7i%

ARG

O BEEMUS RSN F&H, FalmmoLAs
O KHAFAAWHNFLEN, B[S TFEMARIFHE
O HEATHIRE, RI|FENFEMFHETS

0 EFSBEREN—LFEN, AERIEENAEN
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HAFHE i MERE j MIBER j— i+ 1 MAEFRRER AP RIR
FHESISBIRF FF SUFR BiELLiR & (Span), RIFFS <i:j> R
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HAFHE i MERE j MIBER j— i+ 1 MAEFRRER AP RIR
FHESISBIRF FF SUFR BiELLiR & (Span), RIFFS <i:j> R

S<1:5>

/\

NP<1:3> VP<4:5>

/\ /\

Adj<1:1> NP<2:3> V<4:4> Adv<5:5>

| R | |

Colorless  Adj<2:2> N<3:3>  sleep furiously

green ideas

[E: “Colorless green ideas sleep furiously” HJIEIELE IS ELLIRE.
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BT EF45 % (Factorization-based) ByF7i%

ARG

O WAEMKISHESNFEN, FEAMAAUAS
@ KRB FHATRNFEN KIS FEENIHE
O HEATHIRE, RI|FENFEMFHETS

0 EFSBEREN—LFEN, AERIEENAEN
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BIRFRZER 2% (RNN)

ho .. ht+1

@ @@@ @@

E: IR W &R E R
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KA HIZIZME (LSTM)

LSTM BRok7s [ 21t Bt 18

fi = o(Wex;:+Ush;_1 +by)
ir=0(Wix:+Uhe1+b))

or = 6(Wox:+Uoh_1 +by)
¢;=tanh(Wx;+Uch;_1+b.)
C:=f0Ct_1+it0Ct

h; = o;otanh(c;)

4S. Hochreiter. J. Schmidhuber. “Long Short-Term Memory”. Neural Computation, 1997, 9(8): 1735-1780.
https://doi.org/10.1162/neco.1997.9.8.1735.

5). Cross, L. Huang. “Span-Based Constituency Parsing with a Structure-Label System and Provably Optimal Dynamic
Oracles". In: Proceedings of the 2016 Conference on Empirical Methods in Natural Language Processing. Austin, Texas:
Association for Computational Linguistics, 2016-11: 1-11. https://www.aclweb.org/anthology/D16-1001.
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KA HIZIZME (LSTM)

LSTM BRok7s [ 21t Bt 18

fi = o(Wex;:+Ush;_1 +by)
ir=0(Wix:+Uhe1+b))

or = 6(Wox:+Uoh_1 +by)
¢;=tanh(Wx;+Uch;_1+b.)
C:=f0Ct_1+it0Ct

h; = o;otanh(c;)

LSTM-Minus®:
o FEATURE(/,j) = (f;—fi—1,bj—bji1)

4S. Hochreiter. J. Schmidhuber. “Long Short-Term Memory”. Neural Computation, 1997, 9(8): 1735-1780.
https://doi.org/10.1162/neco.1997.9.8.1735.

5). Cross, L. Huang. “Span-Based Constituency Parsing with a Structure-Label System and Provably Optimal Dynamic
Oracles". In: Proceedings of the 2016 Conference on Empirical Methods in Natural Language Processing. Austin, Texas:
Association for Computational Linguistics, 2016-11: 1-11. https://www.aclweb.org/anthology/D16-1001.
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BT EF45 % (Factorization-based) ByF7i%

ARG

O WAEMKISHESNFEN, FEAMAAUAS
O KHAFAAWHNFLEN, B[S TFEMARIFHE
O MEITHIRE, RIS FHEEIIHEITS

0 EFSBEREN—LFEN, AERIEENAEN
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% ERAIHL (MLP)

X1 Xn

El: & BRAREE R
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BT EF45 % (Factorization-based) ByF7i%

ARG

O WAEMKISHESNFEN, FEAMAAUAS
O KHAFAAWHNFLEN, B[S TFEMARIFHE
O HEATHIRE, RI|FENFLHEMFHETS

0 EFSUREH—ETEH, AEFISENTER
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CYK &%

Algorithm 1 CYK &%k
Require: —##§{2H ScorE, FIHCEn
Ensure: s K% C[1,n], KRS AR BAcK

1. fori=1— ndo

2: Cli,j] =Score[i, j]

3: fori=n—1do

4: for j=i— ndo

5: for k=i—j—1do

6: if Cli,j] < Cli,k]+ C[k+1,j]4+SCcORE[i,j] then
7: Ci.j] = i, k] + (k+ 1, j]+ScorEg[i, j|

8: BAcCk[i,j] = k

9: return C[1,n], BACK
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Colorless green ideas sleep furiously.

E#% (EECS) IFERAFRRAEEWIR T 2020 £ 6 A9 H



1%)4 E3] %*ﬁlul

EX (1IBXHA)

EBXERMA "B NBEFRRRRTATFENRTAE:
° IEXIE’J’ET"_n,“%T— NAE
o IEXNEBERRT—INAZEMN-TXER
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BN E S EAE

EX (IEXE)

EXERMA "B HMBFRERRTAFEXNRTHE:
o EXEMBNERRT—AE
o BXEMBRRRT—IRZEN_TXE

A,

EX (BE1E X E)

B E X ER S R R T — S (Concept):
o MRBLEFNAFHIENMAEXRL, MFRA surface concept
o MRBLEZRTATFHIZENAIIEN, MFRA abstract concept

v

IFERAFRRAE IR T 2020 46 B9 A
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ARG}

‘ BV 2 compouid

Chasmo the garden dog helped

IFERAFRRAEEWIR T



ETXFRE (CFG)

E X (Context-free Grammar)
—NLETXFEXNE GRMTA <N, T,5,P>, HA:
o N BIFLLEHESR
o T RABZNESR
o S EIAFTS
°o PEMNIES, BEMMNERE A— a,AcN,ac (NUT)x

IFERAFRRAE IR T 2020 £ 6 A9 H 23/38



ETXFRE (CFG)

E X (Context-free Grammar)
—’ﬂ:TB'C?E?EB‘C% G RMxH <N, T,5, P>, HH:
2L EHES
° TiE—\—nﬁ:ﬁA
°S ﬁ.ﬁé‘?’f?
ERNEE, BEMAMNHBE A— a,Ac N,ac (NUT)x*

ZE X, (Chomsky 3E3X)

IR CFG ¢ MBEMNET TERMEEL:
o A= BC,AB,CeN
o A—»a,AcNoaeT

NIFRiZ CFG B Chomsky g3k
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CFG 51iE414

o MENMEET "AFHIE CFG £/ MRILHITH
o EIFAIEMENT WIS AXT—5F CFG MM
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CFG 51iE414

o HESMERET "ATFHERE CFG £M" MRILEITHY
o EIFAIEMENT RIS AT —F CFG MM

S
/\
NP VP
/\ /\
Adj NP V Adv
| RN | |
Colorless  Adj N  sleep furiously

green ideas

[E: “Colorless green ideas sleep furiously” HI4EIELEH.
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CFG 51iE414

o HESMERET "ATFHERE CFG £M" MRILEITHY
o EIFAIEMENT RIS AT —F CFG MM

S
/\
NP VP
/\ /\
Adj NP V Adv
| RN | |
Colorless  Adj N  sleep furiously

green ideas

[E: “Colorless green ideas sleep furiously” HI4EIELEH.
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CFG 51iE414

o HESMERET "ATFHERE CFG £M" MRILEITHY
o EIFAIEMENT RIS AT —F CFG MM

S
/\
NP VP
/\ /\
Adj NP V Adv
| RN | |
Colorless  Adj N  sleep furiously

green ideas

[E: “Colorless green ideas sleep furiously” HI4EIELEH.
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BB E (HRG)

EX (#8i3)

i1 (Hyperedge) RIS R, TURBE—ITRAHA=1TULR
= BT AR FRIEBIAR AR EBA.
EX (HBE)

SHRBUERZEE (Hyper-graph). AREZRBIRICH. R
FRCRIBEBE.
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BRBRLE (HRG)

E X (Hyperedge Replacement Grammar)
—MBUBIRLE G ROUTAH <N, 7.5, P>, Hr:
o N BIFLLEF (1) MESR
o T RLALH (1) MESR
° S BEIAFS
o PEMINIES, SFEMMNHE A— o, AcNZE—FEBIE, a B—
Sk N F0 T HEE i e IR E

IFERAFRRAE IR T 2020 £ 6 A9 H 25/38



BAEHRLE (HRG)

SP-HD

want v_1

go v | & e— D \ bv argl AD-CMP

Bl BIABMIELER “Some boys want to go.” {FXERIEIEE . EFLEBR
BaRRE T — S P EHEBERAECBBARAFE .
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EXESHTE

MM E:
o EFREEBIAGIE
o EFHFMAIE
o EFRFHEITIE
o BT ENASHAE
o AIFMIENEEMEREEXENEAS
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5 F BRI % (SHRG)

EX (HEFH)
BATFHESBOERGEERIEXERN. BNASBTRESA 2 WZXH
TRAHEZHT (Derivation Tree):

o HMETE, HSMIRATIFE CFG £ AIFHIZEE.

o HKMLE, HSMRERRTEEENAGHIRF.
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Fl & #BA B HLE (SHRG)

EX (HEFH)
BATFHESBOERGEERIEXERN. BNASBTRESA 2 WZXH
TRAHEZHT (Derivation Tree):

o HMmTE, HSWMRATHE CFGC £l AFRITEEE.

o HKMLE, HSMRERRTEEENAGHIRF.

E X (Synchronous Hyperedge Replacement Grammar)
REHSHK, BIEELHTIENARFSHIEXERNGE.

E#% (EECS) IFERAFRRAE IR T 2020 £ 6 A9 H



Rl BB # % (SHRG)

bv \_some_g
boy 1 NERY

]7mmc7q [jwyinil

Some boys want to go

[&: “Some boys want to go.” &N E &M ITIE

E#Z (EECS) LR AR AR A B 3T 2020 &£ 6 A 9 B
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3LERLN B Bh$HEY

XFEE HB—%KFE G, AERAATUS AN RS
o A5FE G PHBHENTSFRAM K (internal node)

o 5F H- G RHARZER TR AR AR (external node)
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3LERLN B Bh$HEY

XFEE HH—%KFE G, FATNAATUS ARNRSA:
o A5FHE G PHABZEMTRFRAM A (internal node)
o 5E H—- G PHBHEEMTRFRAINR (external node)

B (e _ESTERIN B BB AR |
0 ERFEHESHIENES

O RIBANERE AXTRLR] span, FEiE X E KSR AT FE
O BHEMFEBE—FEY, FEMNIMZMIBURITIS

E#% (EECS) IFERAFRRAE IR T 2020 £ 6 A9 H



3LERLN B Bh$HEY

arg2 \V2,3)
argl

argl '\ V(4.5)

SP-HD(0.2)
®

SP-HD(0.2)

| o ® ® ® ®
Shared LHS | SP-HD  HDJV HD-CMP HD-CMP S|SP-HD
RHS (syntax) | D+N V+PUNCT CM+HDLV V+HD-CMP SP-HD +HD-CMP

D-CMP
N AR IV IHmV oMVl Sin
RHS (semantics) g 3

El: 3OEHL B ShibEd 32

2020 4 6 A 9 H



RIS

0 EFEHHESHIEIMER
0 IBNEREN AIE AR
0 HIEM LASRBEIEXE
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RIS

0 EFEHHESHIEIMER
0 IBNEREN AIE AR
0 HIEM LASRBEIEXE

BRE—: 45 TCXIRLIE AN

E#% (EECS) IFERAFRRAE IR T 202046 A9 H



RIS

0 ERFERESHIENER
0 AN ERMENMAEX AR
0 BRI LARFENEXE

)R —: & S TTXT RLIE XA
o R AMFER, MIEH—FEBBAMKTFE, BUiREAIRES
RZHY surface concept
o R AWML R, IME—FK n NMERREIN, MIE n+1 NREK
FFE, AHEsESNMINRED

E#% (EECS) bR AZEARRAE BT 2020 46 B9 A 29 /38



RIS

0 EREMESHIENMES
0 IBNESTEN RAYEXAHAE RN
0 BHIRE LAARFENEXE

BRE—: 45 TCXIRLIE AN

B SN % SRIE XA
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RIS

0 EREMESHIENES
O IBNESTEN AYIEXAHE RN
0 BHIRE LARFEIEXE

BRE—: 45 TCXIRLIE AN

B G5 E N % SR XA
o FIRMEMLEIIEEMMBtITITS
o BRFBI S HIRSHIENE
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RS

B E A DeepBank 1.1 AR
wsj20 {EAFF A&, wsj21 {EAMIRNE

6M. E. Peters %, “Deep contextualized word representations”. arXiv preprint arXiv:1802.05365, 2018.

7www.coli.uni—saarland.de/ yzhang/files/jigsaw.jar
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RS

#HEEE A DeepBank 1.1 RR°
wsj20 {EAFF R &, wsj21 {EAMIKE

BAETALIE:

Q FA jigsaw' TEHBIREFTS

Q &1t DeepBank AliERIFRZ, 30 HD-CMP_U_C R{RE HD-CMP

O [E48 DeepBank AIiERIATARIEHE, LIER SHRG ik

O HEUEXHN, LR ERMENER (HEEFEXENI=EE)

OM. E. Peters Z. “Deep contextualized word representations”. arXiv preprint arXiv:1802.05365, 2018.

7www.coli.uni—saarland.de/ yzhang/files/jigsaw.jar
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o (M evalb® TEIFM AiE DRI R

o (M edm’ $EFRIEMMEN SITHIE R

o LB AREIZEHZ X HHE AHESHIHE XA TR0
o DeepBank f]iE#t
o AR E RIERT

8https://nlp.cs.nyu.edu/evalb/

9R. Dridan. S. Oepen. “Parser Evaluation Using Elementary Dependency Matching”. In: Proceedings of the 12th
International Conference on Parsing Technologies. Dublin, Ireland: Association for Computational Linguistics, 2011-10:
225-230. https://www.aclweb.org/anthology/W11-2927.
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I 4B & R iE AR

step4

/\

step3 furiously

/\

step2 sleep

T

stepl ideas

Colorless green

E: I & ik
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S ]

TEXER BIEXGER
DeepBank 85.73 92.99 85.67 91.95
5 Fr4E 44 89.10 95.29 45.46 93.94

& AESINER
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KRR

TEXER BIEXER
DeepBank 85.73 92.99 85.67 91.95
5 Fr4E 44 89.10 95.29 45.46 93.94

& AESINER

‘Precision Recall F-score

TR&E | 83.68  83.13 8341
DeepBank & 67.75  66.90 67.32
g=a | 7571 7498 75.34
A | 6148 5864 60.01
IRFFLE i 1452 1468 14.60
=& | 3721 3655  36.88

FIBENSNER

E#% (EECS) IFERAFRRAE IR T 2020 £ 6 A9 H 33/38
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F1ER] (o] 7R

O FHHRBER RERATRAEER LSTM-Minus 128, AT A
Transformer %8 Z-ERR S YFIEIRBNRAERE

Q AES B TFRENTINREE, WTRUIGEIFH S BTN .

Q ENHNIHER A E B EEIMNBE SMIRF, 5 EHERAIENX
FUI4% FIET B T ANEIAIAR M. B2Ra2 T SEIRAIRLR -

Q BB FEXEMBOTNERRE, EEREIIGEH.
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JFEETAE

QO ZKEEES )% Span Parser 1 HRG Parser Zi 37K
Q iE NI MEY IE ML

F#Z (EECS) LR AR AR A B 3T 202046 H9H  35/38
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S22k |

[@ Y. Chen, W. Sun and X. Wan. “Accurate SHRG-Based Semantic
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