Sequence-to-Action:
End-to-End Semantic Graph
Generation for Semantic Parsing
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"Which states border Texas?" AN BEX
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state(A), caTmp
next to(A, stateid(texas)) i 71: FRE
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ERRAEAT D FIK

*%EZE’]EEE _nHH (CCG, DCSs, ...) (:Eﬁ(%iﬁ [Liang et al., 20114t
METANXDEEZRD, FEXTHE TEKRMTT
[N AL TIEGED R G E N EEE, end-to-end TIEALY
E.J\ﬂ*7 —7 (Semantic Graph) lhg’.D(?/f [Reddy et al., 2014]f
HBR—ZANDITVERBLIZT 50%H AN
FEAR—REDTYF T IREDEL—) XTI RIZE DL
> [RLR AL DTG TIE T LAV R 2

[ p O\ type
- ? Which states border Texas?"
next_to

. [Zxt 9 HEKYT 57

SquSeq RNN :E7_'\)l/ IZE’5<¥5£ [Xiao et al., 2016]4t
BRI ->RERXIDEFREZFE, end-to-end, REDFITY
linearize SNf-HEANSEEN - EKRMFINZHE T EEHE
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ERBHO-HDSeq2SeqETILSeq2ACtEIRE
AN BREX X =xq4,,xm
HA: X ITHISTERKRYT S7FRET H-HD
321EF (action sequence) Y = yy, -,y
HIBD2DDFEDLNEZERY
BRI Z7 > US7LELTOEEEMIGIREERND
HEEAN—XDIFEHRELF| A&
Seq2Seq > BAGFE-FHIEENZFIATIEE
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. add_variable: A
. add_type:
. arg_node: A

___________________________________________________________

Em Figure 1 D51
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REFEDOHES (2/2)

Eﬁ:ﬁjc X '—"'_""""""""""""‘i "Which states border Texas?" E
Seg2Act RNN e 5
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BIEOEE mE XY
T/ —FDEM ZTH/—F (A, B%) #557I2BM3 5. add_variable:A
RYEHLOINEIHHEEHEZRT. add_variable:B
IVTATA/—FD ZIoT474/—F (Texas, New York %) add_entity_node:texas
1B =5S5DIEBMNT 5. add_entity node:1000
/—k®DEM Bl /—F (state, city &) #5712 BN  add_type_node:state
9 5. add_type_node:river
IyoMiEM 2DON/—KFDOEITyvo%EEMT 5. add_edge:next_to
add_edge:traverse
EEIRE R RNEEDEBEDAO—TEIEET 5. start_operation:most
start N5 end ETHRO—T. end_operation:most
S8 MDIETE IyONRED/—FEESMEET S. arg:A
Bl )—K-ITyoOEMOEEE—#(Z{FS. argl node:texas
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BRI 57 DEER (1/7)

BREIX X
"Which river runs through the most states?"
I=EH Y BKT 37
structure Semantic | Arg arg_for._1 arg_for_2
add_operation most
add_variable A return
add_type river A
add_variable B
add_type state
add_edge traverse ,
end_operation most ,
return A
2018/09/10(R) ACL2018HAS@%B K




BT ST7DEER (2/7)

BRX X
"Which river runs through the most states?"
REH Y
structure Semantic | Arg St ™\
add_operation most add_type node:river
add_variable A arg:A
DAY, S - \
2dd_type R D2OEH, RTFIDITEEHTNS
add_variable B add_edge:traverse h
add_type state argl node:A
arg2 node:B
add_edge traverse | A, B -
. N
end_operation most A, B end_operation:most
arg_for_ 1:A
return A
arg _for_2:B )
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BT 57 DEES (3/7)

BRI X

"Which river runs through the most states?”

BRES Y BRI 57
structure Semantic | Arg
add_operation most
add_variable A most
add_type river A
add_variable B
add_type state
add_edge traverse |A, B
end_operation most A, B
return A
11
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BRI X

"Which river runs through the most states?”

BRES Y BRI 57
structure Semantic | Arg
add_operation most
add_variable A most
add_type river A -
add_variable B
add_type state B @
add_edge traverse |A, B
end_operation most A, B
return A
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BT 57 DEER (5/7)

BRI X

"Which river runs through the most states?”

BRES Y BRI 57
structure Semantic | Arg

add_operation most

add_variable A traverse
add_type river A

add_variable B

add_type state

add_edge traverse |A, B

end_operation most A, B

return A
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BT 7 DEES (6/7)

BRX X

"Which river runs through the most states?”
e1ES Y =X A
structure Semantic | Arg arg_for_1 arg_for_2

add_operation most
add_variable A

traverse most

add_type river A
add_variable B

add_type state

add_edge traverse |A, B
end_operation most A, B
return A
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BRI 57 DEER (7/7)

"Which river runs through the most states?”

BRI 57

BRX X

REH Y

structure Semantic | Arg
add_operation most
add_variable A

add_type river A
add_variable B

add_type state
add_edge traverse ,

end_operation most

return A
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Seq2Act ETILDE%E

BREX X Do, BRI S7%BET 5= DIEES
Y #7195 Seq2Seq ETIL
controller: fllfZim-S%ULMEEZTEL (1Rah)

-
ST softmax controller
b1 """" b2 bm ________________________________

A A A e

| < < < | s, >

S X1 X2 Xm 2 Vo1 )

Encoder: Decoder:

bidirectional RNN attention—based LSTM
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Seq2Act ETILORKXHWLEESE

EnCOder: ]\jj X = X1, Xih " Xm 9 B%mqﬁ% bl,"',bi,'”,bm

b= LSTM(O ) h) SRS
b; = [hf' h?] | Forward Backward Z#58&
Decoder: 2N iKEE by, -, b;, -, b, > HA Y = yl»"'»}’j;"'ryn
— F Bl oo :
A0 BEEROIED s; = tanh(W[hfy, hY]) | decoder @ state
I BBDODANN—OUICETS e;; = STW(a)bi
- attention score (IEFR1EEI) J J
I:________________________________________________________________________: exp(eji)
attention weight (EfREZR) aji = oo
""""""""""""""""""""""" i'=1 eXp(eji’)
I | m
- context vector _
' (attention weight ’C}JDE:Fi’]) ””””””””””””” Cj - 2 ajibi ________________________________
“““““““““““““““““““““ 1=1 . state & context ZFfEE
P(y; = wlx,y1,j_1) < exp(Uy[sj ¢j])  hzres

_________

siv1 = LSTM([0Y(y), ¢j].5;) [ state®si

FHEE-SHMEHE w (X P=0 1293 (ROR—D)
RFEEREINET—INFEETT S
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L L A R
$)(add_edge:next_to) = [qbs(%?uct(add_edge), qbs(g,)n(next_to)]

ToTATAZHRIT=ODILMH: RD2DZEHAT
B{FE1=—VIDTEFHZ S [Dong et al,, 2016]
"jobs with a salary of 40000" — "jobs with a salary of num,"
pre-processing + post-processing
attention-based copying THERK [Jia et al., 2016]
ANXDM—=O2F B ANEDFFIE—T HLHHA
REYITSU+ ANHADR—02 DhofEEOTVEDEEH DTS
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Datasets:

LEER TR

RERERE ;

SRy i
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GEO, ATIS, OVERNIGHT D 3%E%8
(BAEEXDEMEZNICHBT B9IUEED)
BIFDER D BRI F L
##ZFELELY Seq2Act LAE
[Jia et al., 2016] [ZHED
(FEh1=vh$200, HEDEARERI00KF, ...)
HERZHMBAR—XIZEWLEHET
BFont-#mHERD accuracy

("standard accuracy metrics")
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FEEE (GEO, ATIS)

ST RIZIE T 51E8E, KRFD2DIZDOHH

GEO | ATIS
Previous Work
Zettlemoyer and Collins (2005) | 79.3 —
Zettlerll(loyir and (ljo(gionlso()zom) Zg ; 84.6 e S UNEEFFE2D:
Kwiatkowksi et al. ) — - _I& e \ Z A
Kwiatkowski et al. (2011) 88.6 | 82.8 &ifﬂ;’ﬂzﬁ SEAVSFNIX
Liang et al. (2011)* (+lexicon) | 91.1 | — MADTULNS
Poon (2013) — | 835
Zhao et al. (2015) 88.9 | 84.2
Rabinovich et al. (2017) 87.1 | 85.9 Seq2Seq B TCIEREEETILAEER
Seq2Seq Models l
Jia and Liang (2016) 85.0 | 76.3 _ _ s .
Jia and Liang (2016)* (+data) | 89.3 | 83.3 124E5| encoding DEZNEZ TR
Dong and Lapata (2016): 2Seq | 84.6 | 84.2 GEEXZEEFATAIDIZLERT)
Dong and Lapata (2016): 2Tree | 87.1 | 84.6
Our Models
Seq2Act 87.5 | 84.6 & B %I1%49(C
Seq2Act (+C1) 88.2 | 85.0 D EJE By #3(C1), N -
Seq2Act (+C1+C2) 889 | 855 = |]7'|E E"] ﬂ'-TIJ r%"](CZ) 0)3?)] %;&-EE R
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FEAEE (OVERNIGHT)

REF

=

Hei - BORAOHIHIE OVERNIGHT THERITHAE

EIE, EQRAUICHLTEER

EDNRAEETT

.
z § o . E
W [ SN
> = & £ F g2 £ %
¢ & g § a & 9 %©
8 7 = g B ® & 2
Soc. Blo. Bas. Res. Cal. Hou. Pub. Rec. | Avg.
Previous Work
Wang et al. (2015b) 482 419 463 759 744 540 59.0 708 | 58.8
Seq2Seq Models
Xiao et al. (2016) 80.0 55.6 805 80.1 750 619 758 - St
Jia and Liang (2016) 81.4 58.1 852 762 780 714 764 79.6 | 75.8
Jia and Liang (2016)* (+data) | 79.6 60.2 87.5 79.5 81.0 725 783 81.0 | 77.5 ,
Our Models
Seq2Act 814 604 875 798 81.0 730 795 815 78.0")
Seq2Act (+C1) 81.8 609 88.0 80.1 81.0 73.5 80.1 820 | 78.4%
Seq2Act (+C1+C2) 82.1 614 88.2 80.7 815 74.1 80.7 829 79.04-D
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Replacing | Copying
GEO > 88.2
ATIS T 84.0
OVERNIGHT > 779

Table 3: Accuracy @) EL#

(Replacing: B{+tZE1=—% ID [C&BHEHL)

(Copying: Attention—based copying)

Logical Form | Action Sequence

GEO

18.2

ATIS

25.8

OVERNIGHT

33.3

Table 4: FH R IR D LLER
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51: "lowa borders how many states?"
"How many states does lowa border?" NI A—< JLIZHEX

I+ —RIVIEREBEICEALIICHINET 2L EHY
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SquSeq . linearize hi-shEst

REFE: BRI STEEIREINESeq2Seq Tl
decodlnglﬁl 7S5 7BFEDHFETEFE

7N i O il F 8 H (3 PR 2

THTRER: 5‘6 THZEZ L RIANRFEREEDEHE
HIEIVICHARTRINEZE(TES
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