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Semantic Parsing based on Lexicon Learning and

Structure Mapping

Abstract

With the rapid development of technology and society, people are increasingly
demanding information precision and application intelligence. This requires the
search engine can understand the meaning of the user’s submitted questions and
quickly respond with precise answers; It also requires more and more intelligent
applications can understand the instructions given by the user, and respond with
operations and services. Semantic parsing is one of the core technology to achieve
the above goals.

Semantic Parsing is the task of mapping natural language sentences into mean-
ing representations, which can be executed by computers. Most semantic parsing
methods to current are based on the principle of compositional semantics: the mean-
ing of a complex expression is determined by the meanings of its constituent expres-
sions and the rules used to combine them. This makes a semantic parser need two
function modules: structure mapping and semantic grounding. Structure mapping
module maps a sentence into a structural representation, and semantic grounding
module links the components of a sentence to items in a real world. Specifically,
structure mapping module needs to get the structure of a sentence, and figure out
which part is the subject, which part is the object, and which part is the predicate.
Semantic grounding needs to map the subject and the object into the correspond-
ing entities in a real world. Semantic parsing mainly faces the following challenges
and problems: a) low-coverage of the lexicon in semantic grounding; b) structure
mismatch problem in structure mapping; c¢) the problem of heavily relying on the
lexicon in semantic grounding; d)the problem of heavily relying on grammars or
templates in structure mapping.

In this thesis, we focus on the problem of semantic parsing. We start from
structure mapping and semantic grounding, and attempt to propose and implement
approaches to some problems in semantic parsing. The main contributions are

summarized as follows:

1. To solve the problem of low-coverage of lexicon in semantic grounding, we

propose two separate semantic parsing methods based on lexicon extending
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learning. One is a bridge based lexicon learning method for semantic parsing.
This method is on the basis of existing work, and it can bring in new vocabular-
ies during training and learn a new lexicon with high-coverage. Furthermore,
we design a new word-predicate feature template and utilize voting to gain core
vocabularies for more accurate lexicon. The other is a semi-supervised lexicon
learning method for semantic parsing. This method can increase the lexicon
coverage by exploiting easily obtained text corpora and lexical resources. The
intuition behind this approach is that similar phrases should map to similar
predicates. Thus the phrase similarity can be used to propagate known pred-
icate mappings to unknown mappings. We evaluate these two approaches on
two benchmark datasets. The results show that our systems can learn new
vocabularies for improving the coverage of lexicon. Meanwhile, our methods

can improve semantic parsing performance.

. To solve the problem of structure mismatch problem in structure mapping, we
propose a semantic parsing method based on sentence rewriting. This method
can effectively resolve the mismatch problem by rewriting a sentence into a new
form which has the same structure with its target logical form. Specifically, we
propose two sentence-rewriting methods for two common types of mismatch:
a dictionary-based method for 1-N mismatch and a template-based method
for N-1 mismatch. We evaluate our sentence rewriting based semantic parser
on a benchmark semantic parsing dataset. Experimental results show that our
system outperforms the base system significantly, and generates logical forms

more accurately and parses sentences more robustly.

. To solve the problem of heavily relying on the lexicon in semantic grounding,
and grammars or templates in structure mapping, we propose a novel seman-
tic parsing approach: Sequence-to-Action. This approach can simultaneously
leverage the advantages of semantic graph representation and the strong pre-
diction ability of Seq2Seq models. Specifically, we model semantic parsing as
an end-to-end semantic graph generation process. To achieve the above goal,
we first design an action set which can encode the generation process of seman-
tic graph. And then we design a RNN model which can generate the action
sequence for constructing the semantic graph of a sentence. Finally we fur-
ther enhance parsing by incorporating both structure and semantic constraints

during decoding. Experiments validate the effectiveness of our method.
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(BED,x) H, “Wm” N EERE S —cigin, BIEL7HR “Type-City”,
KA CHAT WNBFIRPE R —JeiEE, BEL7PE “Place0fBirth”.

AT B AN R) - HRIEE B S, BRI o 15 SO R B
FLUAT R B ) A i i S, WA RER) 7 I A, FEan ] 28 T3R5 118 X, )
RA)F SRR 7 1E LRIR .

3Freebase Bl T %M, LA Wikidata K2
4http://wiki.dbpedia.org/
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MichelleObama

\Gender\
Female USState

PlacesLived Spouse 1992.10.03 ?
Type
StartDate |
/ e
Event21 Event8 Hawaii
— \
ContainedBy
-
Location  Type Marriage UnitedStates ContainedBy

l ContainedBy
/

Chicago™ | BarackObama PlaceOfBirth—~Honolulu
—
vLo(:ation F’IacesLived/
TEvent3_ 7
Type DateOfBirth Profession Type
’ / / \ |
Person 1961.08.04 Politician City

1.7: Freebase H1ox TS24 “Barack Obama” F{JAHI<%I1R

1.3 AXHMEEZMRARRARGEH

SEROE AT FE TR E A DIREEIE, — &1 & H (Semantic Grounding),
T ARG (Structure Prediction). A E R S8k AR L& TR 5T,
TEVE Vg 71T, BT B — AR 7 225 21, PEF IO G L~ A7 7278 55 L AN 2 1 i)
R, EEXZIA R, ARSOT R T TRy e 5 ) B3E ST T VAT AR . RS R T
J7TH, BP0 A) TR 5 HARE RN Z B SR ANUL RS ) @, AR T 541
G HE SURT TR R . S a, ARSCERE R E S TE SCR IR 3R i 242 ] 2%
BRI GE 77, $& T — M B 15 S AT HE 42 T v 2] g 1) 0 P AR R
FRIE ST T 12

Floe BIRNEE, AL ANE, BAHRSWIE LR, A FENA
MAREREREX, URMANFENE., FEEETHNEZHWT:

o HTEESLAGE ORI A SCHE AR, BRI TCTE SUREMT BT 2 T R —
SRSy, AR SRS, ROREARR, TSk, SEEE DURE )
NIVEHEER . B H WIS SO TR AT 7038, JFRIZEA AP ARER M
JTE R GRT o BiJa Tl B 2 LA 22 T ST (1 RN A

o FEER =, FHRSTE SOW T A T SCT M (10 3] SR A A A6 o AN (14 1)
HAeJa R 1 P RD 3 1A i i 2 ST IV U k. — MR A AR
okt b, fEERNZRMIIEREH B35 NF RGN, SRR EJR SE M 2R %t
WORNCHEATIT 70, B0 )5 BRI FH BERHLAE P A 385 A £ A% Lol A A% O
g, JER TR ST . 53— T T8 0 B B S AR IO AR ) SCA T e
ANR] g B YR 27 3117 15 5 1R 2 TR TR SO U FE &, SRS FE5E T IR



/5

B i ‘

( B i )

!
(== wmormEXTIrSS)
. . .
EE 1SN

= N = I HRESG EorEiR
[ﬂﬂﬂ%ﬁgx@z] [ﬂﬂmﬂﬂﬂ] [o’;ﬁ@iﬁ)rﬁ,ﬁ%ﬁ [zﬁmma]

( #== mwrsys ) (| #msazes )
\ (smm memmmvEE ) B R |
|

( wm peome )
1.8: A ZHZA4E#

BeA S e R, WA ERFRNC A, 22 S BT IRNC . 207 iR R R
S AEACA IR 1R 5 I 12 Bl S5 A [) (4 1 1]

TESEIUEE, EPHE AT TN, A5 B bRl CERIR 2 8] 45/ AN
DG ir) @, FRATIEE HS T — ol 0008 SRR AT HE 8 —— 2 T 0]+ . 5 10 SUAR BT
Jiik. GER R pAE— N TR S —MRE R Cra 1), %
KRG EA)FREE—F, FNEEWS BRE SRR R .
LR G ANUCEC I r) @UEAT 20, FF S5 H SR G5 /AL R I o) 2, 43 )
& 1-N BUANPLECAT N-1 BUAUERS, #Em o mlde 2 T 0B n) FE5 T
EABE TR B FES L. RaE X — MG, A% EAT
5 FAE RT3

TESE T, EEE SUAEAT Hh 8 V& HOER 70 1 T MO TRl i, DL 45 L 356
SRR TR S0, AR R KB R G Tl A, AR T — AT
it 28] it A 5 S PR A ROV SURRATT J7 ¥ ——Sequence-to-Action. 1% 514 REW [F]
IR 73 SCEIE SCRRIEF,  DARAE A2 X 28 AT 1R 9 R s 27 ST g
FFHI T GE 7. FT1% 07 V5 R W 4EAE SURENT IS R #e Ab iE SO 2R S #E,
A 58 CBhAE SR gm i1 S A O R, AT AT DAAEAE SURR BT B A ) 1Y
WIE T B EE 7 5 B eI R, 3 T AR G PR 42 ) 2 B A SR B Sh R 7
A . eAh,  FEAARRD ()t A2 Hr ) VA 29 B S AR RN LY R 25 A e 8 T (E
TN, = EE AT AT

FNT RN S TARR 5 DL N — 2B S AR 2






BIE BUBAAEZR

2.1 HhA

SO BT A2 K B 2R 5 A0 s S L AT 5 BT T SR RS (i
BRI FO WMERE [133]. 1 T B ARE S BRIV S5 22—, sk
BB PRE F BT EOR .

RN AR AR TP 82, UTEER RS T R e . A
SCEMTER ST RN, BRI 90 SFAQ, HLasAIITiae, SRt > JikIr
Ri T8 ST JLEER, BEETRESE IR, MR TR Z BT IRE 21 1
B SR -

AT, ARG S/ i ST A TS SRR, 558 AT S0 SUR AT 2 Al
TR RIS, A A TRTE SURMT AT 70 A4S, e/ 835 Tl X
b I NLH o

2.2 (AEIENFIERIFIPIEN

IR BB o318 SUREAT T VEER R 2 T A8 X, HE1E X RARENZ: —
M)FREAREEEATFH SN 2RSS ZBERHEF BT %K Richard
Montague $i& i, XFE A BARBAR N 5K TE 5 (108, 107, 109].

R B 1R X 2% (model-theoretic semantics) #&3& T G F1E 27, H
BRI (model theory) ‘it BEELZ AR IMS, |7 N E, BAIHIGENE
R, XEMESTEANRNBRES, W EEALIES. HAKRES
H, ET RN B)IE CFE R, R R —AMIRES (state) KX —AMH)+
TR, B8R T —M+.

Block 2 is blue.

B 2.1 FE S A BRPIR S R AR R 7 1 61

LB BEHITE SURRNT 715 R B3 X AN B A8 R R B 3,
A& SRS e H AT R, B S, s SUENTE VR — g5 R 700 (Struc-
ture Prediction) A . JiF 3 o A) - FOTE SO B B3 T A A 1 AV IRES, Bk

Thttps://plato.stanford.edu/entries /model-theory/
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S Bk PP X N B AN RTRAR Z R e SN 9% 2R AT R R AR & R R SR
AN FRAFRE, XA R R — A B IRE A 73T 15 U T 7 Z40 ) 1 g SR
AN Z W B FIR IR R P SEAR A SC R, 1K 2 — M L& (Semantic Grounding)
I RE. 25 R — AN UM 4318 % & 2 Thg: 15 SRR S5 F T .

221 BXEM

B R $8 A) 7 SRS MBI FEH I (world) FR R SEAR, A)F AR SR
FONF LR P B SR G R (78] — MR, FRATME AR R B AR R R R — M)
PR G, BT e A SR B SR 380 TR P v R S AR, R) e IR O SR AR 3 R R
HRIRR (WRREF, B —JIBRA = IoiEED.

SO AT IR s SO ) SEBLTT S — FRCE PR, — M R R . 3R] 2 1]
CHIEES, R E ST A) A B IRAE 20 AR 2 A SR8 R (R B, X e a]yE — R
T EAEAT 2, BB AR VI ZRI) I R A AT 885K 7 2] o ANE I MA] 822 ) 77 5,
I ZAEFRRT A I, Al— 2 [ E Y, XA — ok U A MU 5 21 20
JE HR SAR AN E 1R] O BB A RE g i & (trigger), WELZH THET GAVE) A HeRH
XA GRTC AR o R ) B 138 SURR AT — FRCRR 2 2 T2 A SR 7. i—
PhSZILTE & L 77 o2 18 VLA . X Fh 7 20— MAS 77 ZE 3R Al % 21 18 2195 1 1)
B SRE, T AR AT A AR ) 7R BRI o PR SRR AT 7 VR R S i AT 5
T, FREATIE L IXFELR, 8 R BRI — AN SRS, —
AT R R, BRI AR RS s B e E K, BIFRIAERRR, X
B IX SR ARG R AN AL P A S Ta L, B I v S A ] A
AR ST B HR FE TR I, BRI, — B JeibAT SRS, X FECE AN
Ab: — B AHEEIEm Y e &R, FIH BN SORBLS SEARBENS B8 N kE 1, — 2 itk T sk
PRIE V&R, S X R R AT IE K HUE, VEHL XS GOt Re v A BT B 1], 2420
S G IZSEARAH R B R R BT SEAR B TE XV 2 J5 PR EAT O R IR i, X
B RNV LI OC R M) Ak, FIHFT 2 e B Hh ok B i 1 o 5 A0 TR A ]
WITEEANTR], IX PR 5 VAN 75 EEHE AR08 )18 B A (L, T2 25 FE T A T RE I R
S, FIE R 2 RS e SO SR L T ek e AT, e AR AE s (H
ST JE A R R — e AR, 1 A3 A48 2R 2 1) 52 4 FH 1] S ) DR/ kg i

FERFFEIE Vg e A v, TAE AN LM FE A Rl 2], R s A
WEEIRY 7.

2.2.1.1 im#Ez]

A S P ] SR S B SCTE L, 3] S PR AN o B s AR T B U TR U
BrEOTERE . DAL IR B ST T8 SURMT AN B R [77]. JA) s 3] rh i BT A
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Category
Words
Syntax : Semantics
Texas NP : texas
borders (S\NP) /NP : Ax.Ay.borders(y,x)
Kansas NP : kansas
Kansas city NP : kansas city MO

2.2: CCG RN 5

Input Training Example

Sentence: Texas borders Kansas
Logic Form: borders (texas,kansas)

Output Lexicon

Output Substrings: Output Categories:
Texas
borders NP : texas
Kansas X NP : kansas
(S\NP) /NP :

Texas borders Ax.Ay.borders(y,x)

borders Kansas
Texas borders Kansas

K 2.3: GENLEX A A& sl a] Y 1 B 451 156 B

KM TAEABR E IR T Zettlemoyer and Collins [154]42 Hi i A] #1522 J5 vk ——
GENLEX, FIJF/4IE T Cai and Yates [22)#2 Hi i) i 2% >] J5 3 ——LEXTEN-
DER.

GENLEX 733%  Zettlemoyer and Collins [154]F]H 4 & 85 3% (Combina-
tory Categorial Grammar, CCG) *RHEEATIE Xf#HT. CCG Mix-LHl 21, CCG
HRlIC A GRS AR R, — iR AR, BB E R
Kl2.2fg7R T CCG WY JUAMANC o ARAT I ML 22 21 J5 ik W A2 15 26 FEA] Hh AR
T R BE T e, S8 05 A R IR Lo izt (0l (RN b 2 A AR A fy i ) %o
FEGITEAT el FEACAE IERA A MR o BT F 2 A8 1V 0N 24 Wi A 2 g ] i

55— 0 I B AR R AR R0 0 1 BUE) 1o BT A AT RE R, B R ik 3 )
FHHR I3t BT A5 AT BE 8 S, SR 5 4 A R 15 AT A 48 SCEAT A X, R T AT
ST — AN B A R — AN, XA R 2.3 7R

UM TN B — 20 AR G I ARV AT R . B D R R AR
HEN 2 s AIEBATAT— ANV B T RE R o 3 T 2T SR FRD 52 Wi gl 2 10 32 114 ] 91K
%, PTR e BT 0k o V0 G ) AR AR ] B PR R AT AT
J5, Bef8 A5 3 IERAARAT 25 SR B AT Ak R v B A T 20 1)V gh A2 TE A Rl X e
TRV WCER JEE R Aok RE A FSGTE: SUAEAT P 75 22 A ] B

HESRIBA T EEER COG, A A SCsim].
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Go gle Barack Obama Honolulu & Q

All Images News Videos Maps More Settings Tools

About 947,000 results (0.46 seconds)

Makiki - Obama's Neighborhood - Barack Obama Resources, Hawaii ...
obamasneighborhood.com/makiki.html v

Before he ever resided in a stately Hyde Park mansion or breathed the rarified air of the White House,
Barack Obama grew up in the unassuming Honolulu neighborhood of Makiki. Located in the urban
heart of Honolulu, it's bounded by downtown skyscrapers to the west and rainy Manoa Valley to the
east. Makiki is only ...

K 2.4: FIH Google #2 “Barack Obama” 1 “ Honolulu” 32| ¥) 45

LEXTENDER 753% Cai and Yates [22)F] FH#UAME Rk 2 ST/ . XA
TR TR ULEC Y, BRI, MRIREEAAR R R s R R, R &R
5| BRI 45 B U1 T R A SRR o SRR b, TR AR I 2 R R ) — AR
(schema) 3, #/> schema T#SAIRZ LA, W Place_of _birth KFR FHIFL AR
2 S i /XA R R SEARRS ), Ul “Barack Obama” A1 “ Honolulu” » 243X A
SEARE N BN R G125, W Googlet, 7EE ML R aA A FE & IXHASE
R CInEI2. 407 ). BT IXFERR I : HAE S ATk 2 0] 3E T T 21X
PN SEAR Z TR 20 s A5 0K AN SEAARORE BEANB 1] T I — A2, sidRkizinl il 51408
WA — IR SE L, SRR LB B 2, 3R B 1A AT RE B B8 1]
T MBI, ginl DA BT REMIRIVC: grew up in :: Place_of _birth.

2.2.1.2 1EHY T

SRR I 2R 5R, DA R 1 3 v 2 1D S P 3t 33K 22 1 4
B, 5ot R SO RS R, N T R A R, AT O TR
S1. S, UM M S 7, RSO S SR 2 M SURIE, Mb
F TN 2 ST LA T 3, SN T ARTRAI 1258 = S AT S BT

2.2.1.3 HEMREEBIRY T

T ST R RE R 58 1 AT REAT AN TR IR, — AN 1) M 1 78 2 B2 AN, w2 iR
FE S A AT 1Z S 1] , {H & A oty RS Ty i 250 AN AR AR EAR &, B
FIVR P g ANAFEAE BES RoR 12 0) T AN S R HIE 1]« BT AT DA a] it 27 > i) g
T RF kg, J5ETFENMIRERTY 7. Ak, Krishnamurthy and Mitchell
[81]472 A B Sk i) = ook 78 24 51iR %, Gardner and Krishnamurthy [52]42

STEJG SCHh B4 schema, TS IIH SC5BH
4https://www.google.com/
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HH TR] IR P R0 AR 2 (8 R R SR PR S5 A AL R AR, AR T 78 1 R
3R 3] o

2.2.1.4 ETHEIFMEIREAYTE X ITHL

AU TH A5 RE Vg A PR 7, —F R AR 7%, 5 —F 2R &
SUCERII 7. a3 EER T A vl R IR AT HE P 4T 70 O T SR AT (1 s i
5595 SO SSHBST Sl ke 88 22 BRIt 9 85 il ) TS FH i 2 X 8 A5 AR . HL v e LAY
)72 Yih et al. [149)ff BRI M L% (CNN) 5 A SR X fh i i

2.2.2  LZEFIFRM

VB SCAR AT v S5 1 TR 45 B X ) T o L A 1 SRR B S5 R R TN 368 4
R AAG PR, — AR TEEREN, MR TR, XA RE
IRFEEHT, P A R] DL S N BEAT AN LR e . (A T AR A 5
KT HbRIE SR S5 R R 5 35— e 3 1 2 A PR /N (15 S e 4 5 B BE R Y
WS TT . A RN 8L NS SCIET AR ) 3 15V A T ST 45 R T AT 7 P L A

2.2.2.1 tAEHN

FIFH A RN R AT S5/ TN 0 773, 8 S — &, 10857 57 RE 1)
TR IVE v, A RN AR ST R Z TR R R ROT IR )R RS R K )G
XTI HEFN —MoE INTE S BLR TR kRN . anZH-& 96 507 (CCG)
(127, 128] H— M fdi F DU S5 46 AU I mT DA o KER 7 B S IR . XU G 70
W73 WA, A 2 5 AR 2.6 7 o -

A/B:f Big = A:flg ()
B:g A\B:f = A:f(g) (<)
2.5: CCG HHIRESH (functional application) RN, ELFEHT 7] A1 5 =) P4 AP

A/B:f B/C:g = A/C:)x.f(g(x)) (> B)
B\C:g A\B:f = A\C:)zx.f(g(z)) (<B)

2.6: CCG HHIREIZ A (functional application) RN, AL3EHT 7] A1 5 =] P4 Ff

Pl B A FH 118 ST BB, S5 Zettlemoyer and Collins [154]32
t, BRI (i, A/B : f) EREVEPIER S, BT Ron ek (I, A/B),
JE A ZoRTE S Cn, ), BRI E SCER 0 R 2 CCG A RN ) e )5 46
FIER. A/B Ta—/uls (category), 2iZiulBErA M («/7 XA MERL) %b
N RER B RTERERN g, ZuBER SRR Ao RN, A/B A B AJLA
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BATH G, RRISRAE A Va8 SO A ek BNz 0 R E 2R U 4 e
PREE, 2. TReTR 1 AT R BN FH RN AT AL 1

Utah borders Idaho

NP (S\NP)/NP NP

utah  Az.A\y.borders(y,x) idaho
(S\WP)

Ay.borders(y, idaho)
<

borders(lﬁah idaho)
K 2.7: R R 2EAT 18 LA i1

CCG i HAKI, e 0 IR B RATAE —— v, Hsed— R 4E
FEMIE F OGP R ORI SN, SR YRR, #04T [E E iR, n—
A LyEhiE], EREER IR A (S\NP)/NP, BEARRYE, ©FEA N4
—AFEE SN NP, @AW A EE G NP, =FHA A4
LU, BREADN S als, Bl — M e AT B E ORI RN
WP, ARG EKI T FITE 2, Zhang et al. [156]4& H A8 FH KL EE T KIK 2%
KRN, RGETHEHT IR

2222 1EXHE

FHECTE ST, AR ARAE 0 A SR ZE RN, ELEAE AR Bk A7
I R Al B AT VR SO AN KON — DN SR o JE AR i BURAE e BT i 45 R O
g5k AR NIE RN IHESE, XS RIHREIT CCG MITHEARIM A AIEAIE X
R B, SefR)ik, BMNE S ARSI CCG M5k AVEANTE G2
[FIBHEAT . IXFINERI IR g A7 AR SR RIAE SCASF BT 70 15 DL T 2
I ) o A5 P T8 SCIERAE i SCRIAR ISR T3 IR L35 A8 - AT B4 YA M 41
ERE, R A B R B9 0 8 B AR A 20 B 2 i RT LAAS 211 RO 2574
11 A A2 R 2 ) 5 (R RV 45 10 55 18 SCAS W] BEAFE A RO 00, SR IRk 75 ZE X
FIREE A REAT R RE AR SR

B SCERI RO TR R 1 8 T A3 20 e AR A 20 B BAAE, 3T DAAE R RSEAR AN )
SHETTE, eSS BT R 41

2.3 18X

BTN 7 1 SURATI — BRI XA S, 38— A T A R E SR 47 46
SUBATI I 2 BT T i LA B2,
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231 BXYFERTR

ST EARE 5 AT AT T AL AT R BORT T SRR SRS IR
PATE S 28 SOF R — IR RN PLZHA I N 251

o PLERAUFR): HTixis R R EMA G, B THLERES, B
P SCROR BRI R R TRE P IE 5, 8Os 5 A R il =

o NFEREFH: N T IHERTTE, 8 CRRKIE N Z R N LUEER, B
R AL T ERAN NRE 5 B I

o HAREF U 55 20 B RE S AT U BZ0E RS, 9 TR RIX
ANBRSERERIAESE, BOZiETE X 5 BARE S A R RZ AR A, T
. ZERSRARL

o FUNBESIHEM: HTIZE KRR RARERARESHEE (meaning) 1,
WLZE LRRNZEGT&ME, W NERES AT, BN IZE
NFERFRE K

R, AR I B LERGIAT BRI 38 SO it
HIAE RANAN 2

2.3.1.1 ETFEERNBXERTR

AR, REESE SIAE HARIE 5 AP SU) 2 M WE 7 A ) R R R
], MEHFERE AT, HEBENEE. AR IR ERR 2671 R ERR,
Hr G TR Z M 2R, 7 BERMRDINEN, SRR, 8RR,
fER K ER, SR MR, %%, Krishnamurthy and Mitchell [80]#2&H —
A ie ) A T 1) s ) A SO 2R . — BRG] T EUR R R R 0K, DHAs
AU ZAER RN P I, s, BiEEEIR, ORI wipslt
B BLAENLARRIE, TR SO ThRTESE .

BT AR RE SRR TERE R a) AR K — R, R T %R
JRELHALHE, WP SRS W AR R A1 b) AN ZERTHRFAIE

FT A B HOE ORI R B AT a) 1RO R B E) — MR IR, R
DX G AR TE L2, IXX 118 5K 58 4 v 2 s O 15 SURRBIT R g SRS s b) M
] 1 [ AR S F 28] T R B RS AL A R, AR A, AR S — A
75 AR IR 517 2 TB AR R 2R s ) X ASRANAE, m BB & T (black box)
—FE, ASRIRMEM A B R R EAATE
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Commercial transaction

SELLER: Cynthia

BUYER : Bob

GOODS : the bike
:$200

Many syntactic alternations with different arguments/verbs:

Cynthia sold the bike to Bob for $200.
The bike sold for $200.

Bob bought the bike from Cynthia.
The bike was bought by Bob.

The bike was bought for $200.

The bike was bought for $200 by Bob.

2.8: F)FEEMARTE, (HAZFHET FrameNet 5 R~ AH F 15T

2.3.1.2 ETIEZRMIBXYERTR

Minsky [105] 5 J64& M FHAEZE R R RAE L, MR HEZE (15 LA —PMHESE
el TRoRERE S B4, W— N/ NMERIAE HIRY . —MEZCH — M8 1A
(predicate) FKAFZAELL, — AMHEZEXT R — /M GALESE, seah, —AMELQLEA
# Tl (slot), AT LABONIRTE, 8H BA 8 XM, HRERSZELRE
RIEAMAE B X AE -G RN IR Baker [8]5 Fillmore [50]32 Hi [
¥ (case grammar) . Z&T FIRPES, A WAEETHELLRE SRR I BRI SL
W, 43572 FrameNet® Al PropBank®.

FrameNet[9] /& Berkeley KA — TR, FEAAT 1998 4. % LI
) FERHEA : a) NTE SCRIA)ES i A5 B BHIESE; b) XF HARiiE (FE2 4
s B 3hiE) BN AL (valence) FRow, Hhih SCER oy FEERI A T HEGEE X 7.
EA TN FERRRRM T — s, B E FEEZaREm T =40 Wi, 1
BB PEAN L T 1] OAAE ZE PRV A7 i A) 78 . FrameNet I JJdtert 785
FHERET O RE, CEHESETE U OPREES REE .

FrameNet VAMEZEN#Z Lo, HBILLIRITTIIFREE, I HARTTIIFREALEA [F] (1) HE
ZREEFPIIE S, @ SELLER XM@JCAIM tHILAE SELL A1 BUY M-MHESE .
FrameNet 3l %) A FJE 2 RE oo #E AT braidl,  A145 0] 712 THESR 15 3R
I A LA T Ak g4, B B A Al A, EA12ET FrameNet HRHESE )G
XA FER, E2.8f@R TR — M+ 7.

PropBank|[75, 112] 2/EE MM E (Penn Treebank) &AL, XX 4

Shttps://framenet.icsi.berkeley.edu/fndrupal /
Shttps://propbank.github.io/
Bl FfEH T Percy Liang T 2015 4E7E ICML k5 : “Natural language understanding:

foundations and state-of-the art”.
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Wz e FBCAY % R REAT ARy, TEESLIY “dndii 27 (Proposition Bank, f&FR
PropBank). 5 FrameNet i\, PropBank FryE 2 18 17-18 7S AE B A FEE
J&., PropBank JELABH AL, HEEET-AIELH, W8 TOE BHATRREE, 0 EhRE
X R UL E W, B —Ahial, R —AHIRohrds . K2.8H1 T FrameNet
38 RN E R, {HRFET PropBank KB X R HMZAEN. WX
MNABERYE, FrameNet b PropBank X115 & % BA EIF IR GE 11, SR,
PropBank s&% T Penn Treebank #JEH], MBI R, MmN G| 7 Kt
i PropBank #E47THH I 7%

BT HERPIE LR TER AR a) BARIFRgaE, SAERESAT
SRRl b) BARGF T BRI, BF 7038 nl ad i HE 42 R AR 12 HE 42 B 5o B 1) 1%
Bi, tiziGEih i, ZEE DRI A o) MHERAL, SWiER, 1R
DR AL AR IR IE 5 d) B RSERIE 5 B LAl

FETHEZEHTE LR INER G R A a) TREAFRR I X EEHESE, —MES
XN —AMEEE, ARG BIHEZL ) 78 55 B2 Re 8 78 i B R st R (world) WA 1
Bis b) MEZLHPFHANRE B VO MR AR, SRR B AR, RBCREEAT 43X 57
TEZEHIRIEE RN, SEHERMEEKRZ .

VT ARk, B WE 50 A P HE SRSk R R ) T8 XX 2838 SUBHTFR N Frame-Semantic
Parsing, &% — M) B B THESE 1 7E SRR B R [40, 39, 41],

2.3.1.3 ETZEFIANIBENTRR

lambda-#RIA3 (lambda-calculus) J& —FpJk T H3H 8 20 {1 T8 AL 18 X
RREER. ETUMEA—MAAEIES (glue language) KA BHARES HHHIE,
E2.9/8 /R T )L 5 HA R lambda-# ik 6. BARH, lambda-FRIERX
A LLE I A BRECR AT A o XA R S3 70l 2 BR 2N A (function application)
MR H A (function composition). ERENH (function application) #& K&K —
MR Ao f () BT BEK—DN28 o, BT

Ae.f(x) a —  f(a)

B & (function composition) &K — N FE (primary) FIEREL Az, f(x) M
T —ANRE (secondary) HIBREHIZER L \y.g(y), BAEEAWT:

e f(x) Aygly) — My.f(9(y))

lambda-DCS #} [91] &%:7T DCS (dependency-based compositional seman-
tics) M ERTE LT lambda-FX XA TE LFRRE. T lambda-Fik



18 e 97 Bl S ) AN G5 R S 1) U ST B AT 7T

-a) What states border Texas
of Az.state(x) A borders(x,texas)

sé
ib) What is the largest state
arg max(Azx.state(z), A\x.size(x))

¢) What states border the state that borders the most ste
Azx.state(x) A borders(x,arg max(Ay.state(y),
Ay.count(Nz.state(z) A borders(y, z))))

2.9: A)F L HX R EET lambda-RIE X8 SRR 6T

e Utterance: “people who have lived in Seattle”
° Logical form (lambda calculus): )\:L’.He.PlacesLived(l’, e) N Location(e, Seattle)

e Logical form (lambda DCS): PlacesLived.Location.Seattle

2.10: lambda-# 1A X lambda-DCS X+ — ) B A b

3\, lambda-DCS R =2 DN ) 5, B12.10f8 7 T — X E 1. DCS 22T
FERE TR S5 R I8 RN TE R, AR E RN 2 R T 454, #ALE lambda-%
ZR, DCS HIIE X FRfe B8, SHESh RSl R R et #oR, s
fX. lambda-DCS ZfEH T lambda-RiE X ) —Le B, 1521 lambda-DCS ]
B UERRNEREAYE lambda-RIA X EN G LRREEST, B EIRIRIE T DCS
AGETREMPIRRFIZA, RWARIXFEXERRERS BRES A G FH
M3

BT RIANME ERR S A a) RISRE AR, FEAGENTE & Fr
ARETIUSR; b) BAFEEMEN, NBWELENMNE: o) MHLEEKE, ZRRA
BT RAES, BEBIRTE, REE S L T B R FES .

BT BHEIENME LRRIB A a) IZRR AR 2R, 6T —AM40
B, BRTZAUE P E S MRANE S R b) IRMEAT N TARE, FE-—EN
Ll I

2.3.14 AMR

Abstract Meaning Representation (AMR) J& —#f2& T Bl HiE R [10],
ATLMERH AMR BREBR —Na)FHE L. AMR B2 —/MERT AR, s
ZEW) AW, HAAT SRR (concepts), WRRHAMEE 2 I E R
AMR H LS EZ R JUMIER: BiE (Wi, “boy”), PropBank HJHESL (4,
want-01), BUCEFRIRAIOCHE CRFGSLARRA, a1 “date-entity”, FIBHIERST,
W and) . XML T mdZ4 (propositional logic) A1 neo-Davidsonian =
EoRIER (114, 42) B, BI2.11J87R T A)T “The boy wants to go” H)JLFE L3R
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LOGIC format:

dw,b, g

instance(w, want-01) A instance(g, go-01) A
instance(b, boy) A argO(w, b) A

argl(w, g) A arg0(g, b)

AMR format (based on PENMAN):

(w / want-01
rarg® (b / boy)
rargl (g / go-01
rarg® b))

GRAPH format:

instance

instance

want-01

instance

go-01

boy

2.11: H]F “The boy wants to go” B JLFHSEN IE X RN

(f / fear-01
:polarity "-"
:ARGO ( s / soldier )
:ARG1 ( d / die-01
:ARG1 s ))

The soldier was not afraid of dying.
The soldier was not afraid to die.
The soldier did not fear death.

& 2.12: JINARATHAMER AMR F£R 7R

N, FEHIXJURE RN M. /£ AMR R MEZ B KT, B RAR
FIAELE R, EA1r) AMR B AFER, E2128R 7IZFER— Rl

i AMR SRERIE LIRS a) MHETEIWEN, 567 MIKERIR
KL, TTEFREL: b) XHE AT T iR, SRRKIE S RVEREIR) T o
ADVEBRERMIE SIS, WEE, WK d) A RMBHERSCR: d) dFAFIL
a ALY, NBESEE AMR Ron, PLasths o iX mil SRR #ET A PE .

i AMR KRR B IR R0 < a) FRiE LR A HE: b) 75 1) 34472 PropBank
FHESS, XS AMR £ T PropBank HHELLE KR .

AR, HET AMR B UM (BROA AMR 2040 TG T2 54 [51, 136,
120, 6, 106], AMR 73 #fr/2df) 7B Bt AMR BRI AR .
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2.3.2 HNREHRBAELTN

X T SRR, RN EEG AMER : FHREE AR POE 118 RN 4
oy FUR R B RIAR AT DUR SR BE SCR R o RN PE B e A 2308 208 R R R AR &
P B ELARGRIIL, T T FRAT 1T A 2R P i AL R e i Al 201 K.

=R FEREEHREIE Y — R L= e R AR, MRS R A
REEASCR X, U Freebase. Dbpedia 5. = 04 83, B =24,
X F RN LR Z MR R EE, = el (521K 1, k&R, LKk 2),
R ZXS LB FIR EARAR A — 0181, W Place0fBirth; X T 3RINSLARIIZEA
HHR, =JeHME RGN (5K, a0, KRMED, FEBIME RS R 2R A A
) —Joig1, W Person.

A AR R I LR BIE A AE, ALl Wikipedia Y HIRAR AR
NERE . F2.1/ER T Wikipedia H I —PEH. [129]

Year Competition Venue Position Event Notes
1975 | Asian Championships | Seoul, South Korea 1st 5,000m 14:00.8
1979 | Asian Championships Tokyo, Japan 2nd 10,000m | 29:00.2
1981 | Asian Championships Tokyo, Japan 1st 10,000m | 28:53.29
1981 Fukuoka Marathon Fukuoka, Japan 2nd Marathon | 2:09:37
1982 Fukuoka Marathon Fukuoka, Japan 4th Marathon | 2:11:45
1983 | World Championships | Helsinki, Finland 28th 10,000m | 29:49.04

% 2.1: Wikipedia 1 —ANF 5] T

2.3.3 FRITEE

MR URNE LR g S

CYK T HTE U 7%, A k=l + CYK &
1% (32, 70, 150)%. RRIFIERIMENTIERERE AR LR, SRLT AT (syntactic
parsing) FUEMTILRE, 1 ORI RE T E A 005G, A Al sk (CCG)
AN FARAE A A8 COGE (DCS) %, g R A0k 7 M i 17T S0 98 30k
(CFG). i UM, HJRERISCE, MRS 71 s i 30%, XRENETE, BIE
RN E R QWS Ak SEAE AR AT RO A T AL S R BEAT AN WAL & B R BT, B
AR R AR

CYK HIEM BB AERE R O(n®|G)), Hi n RAFHKE, |G| &
RIEH

8https://en.wikipedia.org/wiki/CYK _algorithm
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T agenda MEMEE N7 PREMITNE, HAETHRREHR
MR ENT Bk . FET agenda MIMRNT BIR AR R)EHT T 1ZI2 H [74, 23, 116].
Berant and Liang [15]&% F-7E 75 ST F 8 X Mg 505 . IxBERIRCR L CYK
R B e

234 FIHERX

T SCRENT 28 0 5 T EAT AT Jm 2153 2R 2 i R RIA 50, O 17 ATk %
BREFH), EFTENT R, FINE R RSP S B2 TR
FHH BB EIR SR A A 7 onite, #77 SIRE oy =38 B I Bk R
Hk. FERE I B

WEFIFEZE  XMITEIERRNGEERE AR (R, ZERIEED
xf, IR, A A B RE f) 7R R, X E AT > B 2 1
s, BUGRNE, DAACZH SR $E (LS — Mo 8 SUEF I 2R D

FWEFIRE  IMIPEIE R ZGEEE e GE AR (R, 2R
FKiLeO K, AIRLR G, &% X, XRS5k LI R Rk Oy E] R A2
5, WEZRME S e . BARREM RS E B L, Hi
I I W BHE BAOR AT DAk AT A Rty =, T B AR I SR8 B 25 S 3R . 1
BHE Bian] DL HARE R, Kate and Mooney [71]#2 SVM 1432845 A N—Hp
BHE B R 2B UAENTELRL; Kate and Mooney [72]H Birfd FH )1 ZkiB kL2 (A) R,
ZME|EEID, Hh R - NEERIAAGRIER. HAAEIMEE B A H
FWIAEE B A SFIE T, S E A S R 7 0 R E B R AT AR
RUR 5 2], A XM LA I SRR AE SO T R 49iH Clarke et al. [31], Artzi and
Zettlemoyer [3], Wang et al. [137], Iyer et al. [66].

EWEFIEE  IMEATEREBIR, AR L, 105 @ AL
FH 3] 1) i 1 3098 1] e o, BRIV =), R SRS BAER % 2 . B U
W TAE, RFERE I FENL I TA/EAR: Poon and Domingos [119]. Poon
[118] A1 Goldwasser et al. [56].

235 AFEIEE
X HL, AT EAE H A0 F BTSSR A TR 4 .
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2.35.1 GEOQUERY HIE&E

GEOQUERY B &£ A F-1F 1996 F-H Zelle and Mooney [151] A7, ZEHE4E
ST R E M AR B AR Z R A — AN T S E M B E R
RUFNIRE, FHREE T EILH 800 NMHESLEMAR, FIHEIERR KM Prolog' E
Moo HFNHFE T ZAFEA O3 EH B A a0 T R0l

M (state) - BEMBER, A0, @M, ABEFE, TEHWRT, FMRULSZEHEHN
W (city) - @ERTHA D, LLRAZ I T A& M

i (river) - BIEFRMWKE, UKRETHM

L (mountain) - LEgE &, DALRL AT BN

N A %N R B R i LK) LA SE A

state('alabama','al', 'montgomery',3894.0e+3,51.7e+3,22, 'birminghanm', 'mobile’,
montgomery;huntsville)

city('california','ca', 'san francisco',678974)

river('colorado',2333,['colorado’', 'utah','arizona', 'nevada', 'california'])

mountain('alaska','ak', 'hunter',4442)

12 FIR/NRVRTRPE AL b, Gro BURAEGLHE 880 M MFEN, BASFEFIAL
MR IA AT, BEEEAREALEA FunQL2. Prolog M lambda-3
KA MR T 2B E PR AN A A, DURAE AN 4Rk U R Uk AT
& SRR

H]-f: What is the highest point in Florida?

FunQL:answer (highest (place(loc(stateid('florida')))))

Prolog:answer (A, (highest (A, (place(A),loc(A,B),const(B,stateid(florida)))))
lambda-FiA3: argmax( x.place(x) loc(x,florida), x.elevation)

GEO 7215 AT Z AL e 5 . B el i L e iE 5 (85, 130],
WA ORI RS, R BRI SO SRR AT (161, 162]. RS S A 280
ANAE R ETE, A FRPFKERZ 8.5, 880 MEEIH 600 MAEGIAE A I ZRE .
280 MEEBIVE IR E G . PPOTFRHER: AR R G4 R RIA R 4 2 2
RiEAGEEILRNYIER, SN ER. 28R EEA IR A

IR GEO, TEACHIEELET, FATHMEH Gro.

Ohttp: / /www.cs.utexas.edu/users/ml/geo.html

Uhttps://en.wikipedia.org/wiki/Prolog
Phttp:/ /www.cs.utexas.edu/ ml/wasp/geo-fungl.html
B3https://en.wikipedia.org/wiki/Lambda_ calculus
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o BUESEMFREAAR LR R B, AR TIE R O N 2R E R AR 13
BEAEKZ.

o R RYEERGARDR RV LLEC R 2, RHR I M A EAFAE T LA SR R I R BB, IR A2
SRS — R ALK,

o HAPRIESUHRIEFE, UFHEK (and 368 or) &=, HRY. &
R AR, EAEMNA]L AR AT S

2.3.5.2 JoBs ¥IBE

JoBs & HIAE Tang and Mooney [132], 23352 IR TAEA G E
BRI . ZEPRE DI 388 AN, AJFIFKE R 9.8, Rt fs
640 NEWFEG], ARG 28 Rk A ThsE, @ARRIENIEAA Prolog
A lambda-FIE. 640 DMEEGIH 500 MEGIVE N ZRERE, 140 NEEGIE 9
HlE. PPrMES Geo HURESE . THRER NZBERET I —Am 5, DL
FAAS R ()32 4R 08 A AT 18 R

H)F: Are there any jobs using Java that are not with IBM?
Prolog:answer (A, (job(A) ,1language (A, java) ,~company (A, ibm)))
lambda-FiA: x.job(x) language(x,java) ~company (x,ibm)

2.35.3 ATIs HIEE

Atis Hiils e i F.4E Dahl et al. [38]"F 42t . He and Young [60)7E 1 LM
B B S . 28R R R RS E A R A W Bl A . B AR BLA
5418 NEWFEG], FAFEFIEA lambda- R AAE REHRIELHATIRE. Nl
Jeor 1 iz B ) — A

H]F:what flights are there from minneapolis to newark on continental
lambda-#% A : (lambda $0 e (and (flight $0) (airline $0 co:al) (from $0

minneapolis:ci) (to $0 newark:ci)))

[Z21CF B SR IS Ik
o BOELCEPER, (HABYET G NAREAK LB RS, HiEm S gEEs 2.
o ATHREEHLEE, ANRITHRERLIEZ T 3 SR,

o APRIEARAL D, HRA) TR EEELELR, — M) T R R SRt
AARDLRZT 34
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2.3.5.4 FREE917 ¥iE&E

FREEQ17 HIEEEHFE Cai and Yates 21| Af. ZHFEEELL Freebase N
KR EEAAR, 55 A BB AN R ) 2 12 8 4R 7 o B 2 AU Bl AR B A 917
ANEWFER], E, 917 DFEGIH 641 DMEEBIH T UIZEEE, 276 MG T
Bl . BEDFEBIHFRAE A lambda-3RiE AR NI AR RIE AT TARIE, JaoK Berant
et al. [16/f /] lambda-DCS X iZ s & EHBEATIRE. N iigs 2 2L+
7= 151«

H)F:what major events in history happened in africa
lambda-3RiA3\: (lambda $0 /common/topic (/location/location@events:t
/en/africa:/location/location $0))

lambda-DCS: (!fb:location.location.events fb:en.africa)

A AT W R

o BIRBHZ AR, HAELL Freebase NENRFEAM, Apkrig % H4EH
EX

o FITIIERIARRE SR, K RS A — AR, A E
RFAFHT

2.3.5.5 WEBQUESTIONS ¥1E&E

WEBQUESTIONS HHE 8 H - 7E Berant et al. [16]FF AR, %34 L Freebase
NHERPEARAR, [FIREE & 2 . Bt dE 5800 MEEFEG, 5800 A4
Hr, 3778 MREBI T8, 2023 ARG T RS, FEAREGIEARE 7%
%o NS H R ZEE S T B R

H)F:what is the name of justin bieber brother?

Z%: (list (description "Jazmyn Bieber") (description "Jaxon Bieber"))

WEBQUESTIONS H¥i&E 2 Zai il 78 LAE il I Bt 88, BRIV e~
AT A 38 SOV — A RS . ELTET R P Uk i B £ . 8 20 T
R L

o BIRBHZ AR, HAELL Freebase NENRFEARM, Akrig % H AR5
EX

o FITHIERIARRE SR, K RS DA — R, A E
RFAFHT
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o MRERAZER, BAMELS RIZHEIE,
o HHEHERECK

2.3.5.6 OVERNIGHT ¥IEE

OVERNIGHT ¥ 45 F-7F Wang et al. [139]FF AFf. ZHIEEL S 8 M,
FEANURAAT & B RTR AR, HAFAN R R A 38R 8 H EL D o 23
PRI T lambda-DCS (2R ERATIRE. HHRETH 8 A
AUt A K %A S P BB 1 LS T R 2. 2

Domain # example | # train | # test
Social Network 4419 3535 884
Blocks 1995 1596 399
Basketball 1952 1561 391
Restaurants 1657 1325 332
Calendar 837 669 168
Housing 941 752 189
Publications 801 640 161
Recipes 1080 864 216

#* 2.2: OVERNIGHT F(¥E4E Hh &AMk i 25 4ot

2357 IrrrT BUEE

IFTTT RS F1E Quirk et al. [121]FF A i, ZEHREMLET W (%
), Mo GHE)” B, BAEFZMN IFTTT Wi him k. 2o b &
I PR briE, — 0 SR A BOARVE, RO 56t 53— 8B = s E bR
Bl b B3t 552 MR R, LU 229 DB ZBWEET 77495 MR
BIE RN GREE, 5171 DREGIVENIT R A, 4294 DECE T A0E . i2800E
CRE SLUNEEIEE

o BUREHIBLIER K, BARFZEILT If-This-Then-That HIA)R, [H 278 26 2 140
ik 128 1.

o SUAERETRRERERBIEARE, 8% T 2R MBRAEIR LSRN,

Yhttps://ifttt.com/
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2.3.5.8 WIKITABLEQUESTIONS ##E&E

WIKITABLEQUESTIONS (i £ 5 5 - 7F Pasupat and Liang [115|F Affi. 1%
£ UL Wikipedia S sl 1 [P RAS RN BEAAR . FF—RIEAE T8, B
BARE T NERRE PRI E R . ZBREILA 2108 MR, 22033 /N,
MNRIEIIE 1045 DR — A A 20% H A B HF B A i) #3749 il ik
Bm, HABRE S IIZREAE . IaCEE o i SRS A A 7R I 2R B0 B . %%k
PEEEHRE S

o FHEIIAAER K, PARKE A RN EARR SR EEA AR b S B R B R, 3t
H 3929 /.

o MAMEERHAREE S, EAHRESMNE) T, B HaEIE RS E
FAREEIL 2 1,

2.4 EBXEWHESSE

BT B R FB 73 T SRR BT BT 25 FE R BT N R — )1, MBS, A 702
MSZHI TG, ANFHFEIARER B3 07 R4 —MiEEs, ST EMHEAER, W
BETRZEAWEREE, HPWMA— DR, HELERAEX A, Il —1 %
5, HPALEE—AN R R R BRI — e, I v SR B A X S )
FREER, R AT BIEA A, W “ones”, BE2.13fER T RXAE—A
B3, ZBITE Aris BRI — M T BN IR TE OB, AR AR
H: Zettlemoyer and Collins [153]F]H CCG, FF& IR SCIEAIALH] R A BEFR AR
BRI Tyyer et al. [67)EFXEKMAAIRE, 7 Yih et al. [140]FFHRHIG STAGE Tk
[PIBA EA T — NSRS B FE T WX 2 B AL (1) 38 SUREATHEZR , AR /EixX B
ANGHIA .

(a) show me the flights from boston to philly
Ax. flight(z) A from(z,bos) A to(z, phi)
(b) show me the ones that leave in the morning
Ax. flight(z) A from(x,bos) A to(z, phi)
A during(x, morning)
(c) what kind of plane is used on these flights

Ay.3z. flight(x) A from(z,bos) A to(x, phi)
A during(xz, morning) A aircraft(x) =y

2.13: Aris HEEPAH £ MIFH lambda- ik T8 R FHT

Bhttps:/ /nlp.stanford.edu/software/sempre /wikitable/
Yhttps:/ /www.wikipedia.org/
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i BN SRR SCRENTER 1R R AL, e T 2 AT EE R R ST
Lee et al. [88]32 i 1A FH 1 AT 7% el 280 L 0 PR N B0 A 15 BEAT AT 6, K2
T DUAR 5 R BN SO REXT T B R I TR) R 1R 2R AT HERA IO MR T, T A ATT T B
FTE S AT i o RE A R BT SCE AT

FEARTCH, AT RIS R — AR T 8N RIE ST VA AT 40
K, XETIEMIMENT R Rt g — AT BRI TE SUBT R G5 ACHT 2 B TR
(1, BEE LS 2 S R, BT HLas 22 ST ROiE U AT (73, 55] BB BT 2T
RN 8 SRR, B TALAS 5% 5T IO SRR BT 5 32N 75 28 SO, i a5 A
ZRIE R 22 ) JEER, IR S ST AE R USRS 7 sl WFE N B
JFIRTE H ARG 5 AL B AP E 55 vh 2l IR B 2 ST, 3 SO BT AR 55 AN
Bl o F TR PE S ST SR T 5252 i B 1Y) P DAAS RS B € SGIARVERFE . ST
L% AF A AT BB TE ST IS R 5%, AR SCH AR08 5 28 BT
VR SCRAERT BT 25 SOVR TR SURR T« T LS B0 T8 SO AT . 215 A
FRITE ST AL P S F000 A03E SCREpIT e N T AT 38— X B — SR iR AT Ui
I HEAE A RITIE I AT o

2.4.1 FETHMNE X HEH

TENLER2E S IR E M 20, KERSr HARIE 5 AL BRI R GAR 2 3 TR A . 18 X
FRNTAE S, AR ERRIEET MRS, N ER e ERE T, FI AR E
PIFLI S H S8 5 A AT #ET. — 2 Bobrow [18]1% 11 1) STUDENT R4, X2
— AR RO R EAR B RS, N A ZRS TR

Example: The sum of two numbers is 111. One of the numbers is consecutive to the other

number. Find the two numbers.

Example: Bill s father s uncle is twice as old as bills father. 2 years from now bill s father

will be 3 times as old as bill. The sum of their ages is 92. Find Bill s age.

Example: The distance between New York to Los Angeles is 3000 miles. If the average
speed of a jet place is 600 miles per hour find the time it takes to travel from New York to
Los Angeles by jet.

H—AE Woods et al. [142)#2H ) LUNAR, — kT HABRSAMINE RS, N
SEIZ ARG LA )

Example: What is the average concentration of aluminium in high alkali rocks?

Example: What samples contain P2059

Example: Give me the modal analyses of P205 in those samples.

RRARG R A R Rr e g, MU AR AR PE R, = BHAEIR K
NTI AR 1E 7 g 2 U h rT e DR S LA, A E R E, Tl
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59, WICIEN— DR B 5 — DU HLE I e, FE T B R Gemt it
AL ML &R ST R G AU

2.4.2 ETHEAENERIENER

B 21 G SRR SURR AT AT DL B i 6 2L 6 18 Lo AR TR B AT SO 2
AHEMI), IX ST R AE P A BOR s ) i AN il RS, SEBLE Skt
A4S N R A& & s e fER RIS, A =M a0k 4
T, EA1ne. [P0 (SCFG), HETEE Ik (CCG) FIFET
KAMHEE L (DCS), FANEA —MEFIREM T % KPR, RATK
TP AR UM SOE AT 4

2421 [RE3E (SCFG)

[F]2P 307k (synchronous context-free grammar, SCFG) f¢ 572 H T 9n R 12 F15
5 1], JEREAHTHESEET [143], ZO0ERAE SR TSP, KA
BB AL S YR A) TR H AR A) I AESE ), IR RE EABLR A) 1 F H AR A)
R DTHBIMUN R R, 1ZOOERE AUE AN B 15 DUEE [27]. T8 UE
PSP B PR, #RE ZE4—ME SRR A —MiE 5 . Wong and Mooney
[140) e Ze ¥ Z0E T8 SO T . R THLEREIIE, 18 SUR T 48 FH R 28 S0,
AT DL R R A R0 SRR Z5 4, B2 R4S 2 4] 1A A) 1118 RN, A7
5375 RE )RR IS R R TR IR IR MU R R . e SR AR A2 S0k
(KBTS ST [141, 89].

2.4.2.2 tAEFEMEIE (CCG)

HE sk (CCG) wmAEHTRED T [30, 63, BT CCG HHISGEHAE
ME S AGHRERE, B EGRZMIESTIHER, REMES T LS LIE
[29]. H4h, CCG SCIEFHIVEW; (category) BAR RAFHANEE S, H2E 515 LK
HHEAREAF, B SN Hil, EYEhia “border” HIA)EJE: (S\NP)/NP, X
Rz G T ZRB — A= CEMD M—AEE CEMD, e fiE XRRA:

. y.border(y,x), HH y RREERIE X, x R FERIE L. XFK CCG A
AR FAE, i EE SUE BT U B Zettlemoyer and Collins [154]#&H .
CCG FZA7 in] S AN S RN ZH A, ] B ST lTE Ak R s CRoR, 30k
FERA LA HE A EG % (A eNd), H CCG BT IE ST B 771
2] COG Hinldt, JE8F R 2 TAREER o T AN [F) B0 ) 78 a5 P
UL R A A WA ARy TR ST RE ] TR R IR S IR, sk
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KSR BIERAE « EFATEE IS, 18 B 5 A AR SR a_E s
JUEHHFUN, W1 Zettlemoyer and Collins [152].

i CCG BHATE XENTIML A R : CCG R EHAE X HIFEAAEN], [F
B CCG A RIRRRE S0, REE S KBS MR, LREHRYER € 1iE 5
R, MNHEOFEHATHEE . SR Bl TER, A isE—A 1 # EAA AR
P REFITE LRI, Rl f)F i RAEERE R EEEAER, A — 08 KA
W, HERAEFFES, XERASREE T2 v ZBEAE B, H2HT CCG
HAENTE LRI H], SEARA N EER 7o E s LR R, XA
fEpT I AR R R A AR K.

24.23 ETKREFNEESIBEXNTE (DCS)

HTIKAF A A8 L0 (dependency-based compositional semantics, DCS)
- Liang et al. [93]#2H, ML CCG, DCS Wfi#2: DCS RN NS5
(1), RATHAERE, AR T FAARAE M rh 7ok @ #1221 DCS R
W, RN WA REBRRRGET; B4 DCS FIRRIEE G R THAT (execute),
R AR AR R GO [94]). O~ T — 21458 DCS W1E R RAE /), Liang [91)42
H T A\-DCS, BMAERATU DCS, —fsets \-DCS.

DCS I 4 & — 7o Cunary, F w KR, BRI —NMES, 42 It
Cbinary, H b R, TP — 08 2 LA, W1 Seattle, # WM — Uil &
—Jt1H1A (predicate), 1 Place0fBirht. DCS HibH JLALAE AN, tnzt 4 (oin)
FIFEAZE Cintersection), G HUNH THAE— oM ZoE A, W5 Seattle Al
Place0fBirht 743 PlaceOfBirht.Seattle, FF|HJIIHLE— N —JoHIIl. AHAZ
B FHEWA— 0, @1 Profession.ScientistlMPlace0fBirth.Seattle.
MIRIEA — L H T AR R I HARIL R, 40 count FUU, fEHT—ooui, H
KRGt —uI T RN G TR KA

2.4.2.4 JEEW (Hybrid Trees)

Lu et al. [98]f R 3 H —MEETIREMH (Hybrid Trees) HIE AT %, A
PR SURNTIEFE R O IR A W B A Bt 72, FEA — AN A U A R B X AN i
A RRPUR 0%, AW B SR BEE, WA S s L E . AR
e, RS ORI T [140) M B R _ERJTE#FAT T, X ERE R 2
STWNC . T R G R B 7 R AT AR BT N ), AT R B SE s 4 T
Collins [34]7EANEDHTH ML FIHE . Ja 800 F TAERRA W 4T S0t [96, 97].
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2.4.3 FETEIEANE RN

VLA PR R T ENE —F ERES JHIBES) HaBFERS —MERES
(BWTES), BRI RIEARES AT QEIES) BT sat SR RIS
NFEox CHERED, EATER— MR (BEEs) s, J8um s S E b
W5 S B A S MNE, P I ERAAEXT 55 Calignment). A 5T E HEAEIE LR
B PSSR B, T L B0 7 ket 735 SRR (140, 2).

2.4.4 FETIEXERNEXEH

A e g2 31 SCRoR 17V AT DU FIHESR R 34T 8o, IXPh R T i1 A
HRAH T BRIES AT RS 58 SRR IS5 Z T A7 AR AR . ST
T SCEIAE SR TR By =00 S DR a & (FONTE LED, 35 =it
AT VR, BIDRE B S A T 18 SR R S =0 D 5e i SIS LN TR
BB E R IE .

FELIE T2 & SR RTE ST 5%, 318 SCEIRTE ST T2 A
i B I, ARG SOk SR B R ST R R SGBRAE T e A R
e S IR B SCEIIA AT a1 UM IRJVER R A SCH . AT
SRR SO MR UL O A s v SCHE S AR e R i SO o T BRAT TR
BT IR E SR 2 T7 i

2.4.4.1 MELERHEEXE

FNEII TR R CAE R HI DI s, AE RS M K il b AT 75 SCAR AT 2 I 2
FRE 2, AR —E PR, B ere k79 s S & R 4 1 0 115
X#IR, Ge and Mooney [54)H] F 1] $ ke b BRI 715 g i E S0, F A6 0 Sk 4
HRNET T RIE X, T AT AER g1 515 A T ISR R B s O
A HEARAT 142 7 #8817 (macro-predicate) FMES RACFR X FP A . SR LAEL
A Ge and Mooney [53]f1 Krishnamurthy and Mitchell [82]

2.4.4.2 MKREHHEEXE

MECAIER, AP TN T T4 T b 44 B IO 6 R, B TE &k 2
ATV SUII T UL Zow et al. [158)FIFI ) T MO A MR 75 #918. Reddy
et al. [124, 1251040 THIRAF R A ) T 138 SLIL
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2.4.4.3 MIRIRICHCADIRTE X E

DU VL L B 77 vk A g 1 R 7 ARG SRR e s A . 1, A+
PLECTRT B, AT IS R b e, HARB LR /D, X e m] DAE SCE T MRARCOR 78 o
B 1) E &5 . Bast and Haussmann [12)%F %35 T Freebase Y3528
W, Wit 1 =N BRCR 78 55 K 0 i AU 3 B2 14/ 7R 1 AR LA SORH B () 461
o

Template Example Candidate Question

1
41 : ——
9 Henry Ford |—ciployment @ company @ what company did henry ford work for?

#3 ° ul 0 2 e Ellen DeC film porformance 7N, film what character does ellen play in finding nemo?
T3 character

K 2.14: BB LA IR AR BEAT 1 SRS

who invented scrabble?

K2 14P- B 5~ BB 1, e RORSEAR, r RORK R, t KRGS RIEE, n FoR
—EME, X5 Freebase FRFA I, WA BARKE L. T XMITERNHZ
RN, A AR LRSS =F, ARGFIATILAC . i AR W,
HUOEHE TEIR 7, ARMEAL PR A IS B AT 2R 5 452

2.4.4.4 FRABRAHNEEENE

IR — P sz BRI 5 R NIz B i SCEI 5%, Yih et al. [149]5x
RN IR IE . 25k a3 =20 Dbk, PR RILES, =
DIMNLIR AT A REE AN ERNEE M F2D AT, AIRES ) B T H AR R
WEARRGE A & . XA, AL RESE ) 518 (A 57, T
SR R R A AR T H SRR RN, AR LA Freebase NFIREEAR I TE DL,
R RIR K

2.4.5 ETFHIFNAE R

B 5 R 5 2 S AE H AR TE 5 SRS 2 s, ORI 22 I AL T U A
FHIR B 25 SRR SR B |5 SR 15 5 AR B PR I n) . BU iz FH A R 48 P 24 A TR 7 )
i@ L, 38 AR W LR P I TRINAT 45 . B RE T AL, 15X
FEAT AR AT U VR A — N7 20 T (v 8, 36 70 2% A5 FH A0 3 1o 448 ) 28 A 0 R gk A T
NXAERT [144, 43, 68, 13, 26, 61]. XF T IEMLHE AT LW MAE, BAFE
WA TARAE T R AR B R N, AN TR B THRAAE 2 ash R A i 2] iy
(19, RN ) o SRR 7 VA Bk AR ST 145 R TN RS STA Hh R4S 45
LB BIRR TR, XA TR RS BE L E R, R HIER.
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2.5 THAVE X RRATRY R B 25451

15, AT A I 0 TLR S8 0 5 SO T 5.

2.5.1 BEESEHREA

PLas NFEHHR R AN B HRE S ANE N TR, PLas AT R R A . 31X
i LA NBES B N BITE 5, 8 H ARG 5 18 S W L TR B R 4R 2
BRI, Artzi and Zettlemoyer [4] R E T iXFE—MEEE, EHLEFNTAE— 75 A H,
e ) A AR, ke, YRS, RN, AGEPLEE N A
—EERIE S RIEL, IS AKX IR ST TR, SATAHR AR, 2,158
A~ VA lambda- R ik HRFE R 182 HIE CHIH) 1. A 5T R TARIE A
Matuszek et al. [100], Chen and Mooney [25].

move forward twice to the chair
Aa.move(a) A dir(a, forward) Alen(a,2) A
to(a, vx.chair(z))
at the corner turn left to face the blue hall
Aa.pre(a, tx.corner(x)) A turn(a) A dir(a,left) A
post(a, front(you, tx.blue(x) A hall(x)))
move to the chair in the third intersection
Aa.move(a) A to(a,tx.sofa(x)) A
intersect(order(\y.junction(y), frontdist, 3), x)

2.15: A lambda- ik AR KT8 SCHIH] T

2.5.2 FRABNFBEEEA

Kushman et al. [84]#& thH FHE SUBHTHARRARAREN &, EI2.16/8R T —
Ao [AAE Hopkins et al. [64] WA FH1E SUBHTHOR KSR E SAT E il 4R
it

An amusement park sells 2 kinds of tickets.-for children cost $ 1.50 . Adult
tickets cost $. On a certain day. eopleentered the park. On that same day the
Word e . .
admission fees collected totaled . How many children were admitted on that
problem :
day? How many adults were-ddmitted?
Aligned T 1 _ 5 2 _
template uy +uy—n; =0 ng X uj +n3 xu; —ng =0
Instantiated
. r+y—278=0 1.5x+4y —792=0
equations
= 128
Answer — 150

Yy
2.16: FI P SCEAT i A QKON F 11
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2.5.3 HEHBEIESEF

W SURITRES et AW B RSB, AR, NSREEMA BARE S TR2,
A EARE R AL G348 E 784 (0 bash 54D, I HAL 608 PLAR 5 SR T
FHE4, TR IEEAE . Lin et al. [958 & EHTEAM E Linux R
g R H, H AT DU B 2R 5 RI9R 2, 30 JE T SORHT a8 T LU B
SR S RS SO LIRS, E2.17/OR 1 B ARTE 5 152 A0 B AT AL B BL
IEL .

Natural Language Bash Command(s)

find .java files in the current direc- | grep -1 "TODO" =*.java

tory tree that contain the pattern | find . -name "x.Jjava" -exec grep -il "TODO" {} \;
‘TODO’ and print their names find . -name "x.java" | xargs -I {} grep -1 "TODO" {}

K 2.17: BARES ISR bash f54

2.6 AE/IZE

AT, BATESANG 18 SURTI— 2858 SRR, DLW FCIE ST I 22 1 i
M —Seft S, WIS SRR, ML, 2R, AIPEdRSE. X T
VUM I I AT 20 2R Ze W V8 SOAT . 26 T2 & SRR SURHT . 25101
e B RV SOREMT 2 T35 SCEIR T SORMT AL T 13 51 F0000 FR) 4 SCRgEdT . I 48
TRERTTAHARRNE AR, g 7 RSOTIRILER . B a2 1 IE SR
BrEO R 2B, Wi E AR AL N AR R LS A AN TN LER AT
HE T






BZE  ETRSRY REISEEN

3.1 AKEIIL

BT HATE B RN &8 — RS %O RSk ] g 1]
LIS, B R R — D ERE S P REE B AR AR G151 (predicate)
AR, 4l born i Place_of birth. M, TR/ A= SEMRIAEIC. 25
TERNOR FR A o S AA R T B 380 R AR o () SR 25 3a] 1 06E R 380 TR Ak v
() —JeiE ] s I FR AT B AR A A A ) — e i IR 1 = 2RV 5 SEAF) 43 70 xF
MRS T HETE 2, R 1 AL 3. FE TRl R piEE, 1B T as iR T A
HEME: “a)TRERRA TR ENRS N EENAE”, HAEG R T
(RN SO TR 2 A R 24 18 R TE

Type.cityPlaceOfBirth.Barack_Obama

A

PlaceOfBirth.Barack_Obama

A

Type.City Barack_Obama PlaceOfBirth
1AL A2 A3
Which city was barack obama born in?

B 3.1 AL SCTE SO 61

] B T A AR SIS ST TV A R . SRR T — N8 U BT R4
¥, MBIFHR AT LR R, IR T R R, v LA R,
Vi wr = R I S0 T E e (1N SR T 2 S G =2 N 3 s W - | P - ¢ )
WA SR ER AN ()7, BEREAD MR ZeEkl, 1 iR 20 1 1
B SR RALL T AL AR B0 L 5%, mT DM 2R ML EM BT X ) 2R, Xk
T3 B S fR R B AR TR, 25 5 tH IR L7 25 FE AN 1 i)

WAk, R 2 BVE SRR AT A SZ B A0l fe B TS0 iss, gk — 2l 7 ]
O HIBRAR o AR G TR SCARAT R AR v 1), B I R N R A o S 1A 1Y)
HEIRAR [154, 85, 5], ERXMIGHT, e AT LUE bRy e R > 23018 21)F
] AR 00 R o (HL A B A T SRR AT RO E IH] ) FE RO (22, 21, 16, 79, 87), HAF
HAREARFIIEH (predicate) FHWBCRMZ, MARESAGRELEGEE
Pe: F—ANEET LA Z2AAFRNE R RIL, IR A5 18] $ 2 SRR R A, o
V) i PRV G R I RO R . aneT ] B 2E 5T, P iRl R R R R T
T8 SURBATT ATk 1 — KT 578 3 A R B
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L S — 7 T RAE SUEHTAESS AN AT BRI — 88 70, 3 — 7 T B AR S ]
YE RN BAAE S A R — T+ BB TS, AT H TSR, 5 EHINE. &
R, TESUENTSUEOT G E R 2 TAEE T T3], Cai and Yates [22]#81H 1%
TR 1 18] 52 ) 51, %5 1R B SCARTE BEATRNR 2 A sEoar R L3, BLRRE
AR (1) L0 AR R 2 2 1) 7 BB ] IR RIS o Bt At AT TR T R e o SR
R (knowledge pattern), M2 51225 R R HUCCABINR (text pattern). fifiAi]
1R T W N B s ) AN SR 2 8] (A E R IX RN SEAR 2 TR G &R, iR
XA SARAFAE T RN PR AN B R B Sl vh, B4 1m]1E B AZ R 213X N E 1A
MO IR & (distant) BB 5 ) YA RERE 5 ) 20 1RV okR Y 78 1] g, —
EFERE Fiem TR B ST il TR RSB EH SRS, AIRZ2E LA
FEIX PR VAR BIMERAE 5 2 ULAS . Berant et al. [16]5#7E 2Ll 3 B Mr &4
(bridge) W75, W IEAEHRA ISR —01E R GO, ke e dd i e s
WABEEBIEN, ERRIF AHT T & RE B (SR S FAETHR AR
ML, B35l N Juig . 1% EBRREAE % s, (HRERE R Y 1 i
CThRe, f£— B FRee A7 i inl L7 S A I i) @, SATHT, MridEdei ikt
A5 B HIERET .

A JRATT B SR i) i 2 ST 1R R, R ORI I A e S R AT . — 7 I 7 vkiE
AAEGR L T, 7 — 5 T, XLV R T SCARTE LRI R R 1 A A sk
PR SLBIR 2 S, TR R AN T4, A B o PR AL o PR 1), bR
by AT T DARFH SCA S SO TR R R R GBI 7e il o AR FE 1) TARAZ O o2
FH ] LA 78 10 7 32 R e R v SR AT v 1] ML 78 25 FE AN 1 TR /L. FRATTAN AN [E] 7
R TAE, —ANRIATTERSEE, 75— 23t — Rl i 2 BB i 1] e 2 =)
J7 %

BRI TAER R B3t 7 — M TR B 22 ) 07k 7
EAEMRER TR R L, fEIGmE RS, B ashs A—D>2ouiFiE, {1
AT R AR E N AR CBEAR] . TR iR AIEhiED, H5iE% o
R ECXS, B AFT R I B g BEEHT R R E N, 1 R SRR
Zafr B MR, R A EEIR 2 T EE R AR AR . A TR e e T
UFIRIE,  FRATTBETE T BT FANE- eI R E AR, IR AR BE 0% B U IO A
WEA ZICIE W Z A B DS R . T RICE I BRR A, AT T AT
PEEEHLE A% o SR O v, RO iRl AR T — s ST RS 4 B2,
H2 RE 8 R ORI THE SUBRATII AR, IEReE mil SUBAT I 2R .

X5 TAER DTRR S 45 a0

LA, AT ABAIES], A AU RS ARSI,
TS, ARG,  RATERRRE A BB I A R UGN, HoAb RS, AT SLmE A .
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Mapping score: 2.0
currency o »l Currency used

Using alignment between Freebase and texts

currency Mapping score: 2.0

Currency_used
>
& ,’ _
N e
oS Similarity: 0.86 .
~ _Similarity: 0.86 .. .
Word vector: 0.23 /V ~No ViRes Mapping score: 1.5
Paraphrase alignment: 0.63 ~ \. __________
PPDB score: 0.92
money

Using alignment between Freebase and texts, also relatedness among texts

3.2: R LEIA TR I B 1T #7712

L A0 T8 ST A 55 Hh in] S8 as FEANIS 1 1Rl L, SRATTE B AR A EAL 32
TR MRER AR LS 2

2. FATBETE 1B AR TE- - IoiB A AREARCR AR, DRI BB il Sl i 5 BB
1] 7L

3. FATCTE T EE T AU A% o 1A SR AT A B 1A S A7 A T B
BRI P R 520 o

FiAk, FATEHE T —FhoHr B 5= T2 BB B iR 2 2] Tk o TV ERI 2R S 3R
HUH SCARTE BRI SR 2Ry 7eia] g o XAV E H R s A MR BUHT =
JELF U] T N 12 W SR 281 AH [R] SR 3 PRI R, e R AR B BT AR SRAE 2 R
ST AL R B AR FNIBLGS o Lo, FAMRECEH TR (seed) BRIS:“currency” ::
currency, MHEMNVATEFIE “money” SHE “currency” BYIMIE, BFIILIRATAT LA
HEWT “money” WRIZIES 2] “currency”s N TIEBIXANBHAR, TATFAH—-NET
B2 B 2 SIHEZE, ZAEZE AR A Freebase FH AR 2 8] B S AR FL B R 5 2
IV, B SO SOA 2 T8 8 SO AR b3V b 2 ST e . R
W B9 R FH SOAR 2 18] R AH DR M ok 27 >0 e 78 i Rl L ) o JR13.2508 BE 1 FRATTHY T 9%
MR TE. B B 2 a7k, IR Freebase AR 2 [A]
SRR IR 2 S B R R R R ARATIN T, Z T AR Freebase
SCAZ AR5, 3ER A SCA 5 SOAR TR BB &R

X TAER DTk 4540 T

1. AR — P it 28 T2 I BA L S ST HE SR, ZHEZR ReAE 2% o) B = 78 e FE 1
W, 52 BITEANE, ZHESRRENS 7T 0 A A 2 SRR K B SO TE R ]
YR

2EARZ R, BATH AR} (text corpora) KIGIINL FIISCA B, W1 WikiPedia A1 WikiAn-

swers; F18] ML 85 JH (lexical resources) SRFFAR AR FEFE 47 1 1] A S B %R, W1 WordNet 1 PPDB.
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2. BT T —AET R M ST B0, SR AR S M RO 717
I o 2 ST B P A S

BATEPA AT HIESE (WEBQUESTIONS Al FREEI17) _Fifb4T T 5258, Scib
WAE T JATHANASF L0 20t AT T EEGEL 73U R S, Rl Rkt
T EERGR AR, XEETY 705 1) E 3178 55 5 ¥ .

3.2 BT HEZRRYIA 8 S AR R

F TS AR 2 SR B AR — ANt O VAENFIE R Atk 1
ST HIRNC, I FEAS B0H A 1A, [R]INA F SRES SR T AE IER E  Bria 2 is
F T35 ST o X ER 3 IHEZE R W B3 3 . 2 ROk, AT A HIRATE A
HEUETE SURMT A8, T G i b & e F ORI B VR AVEE R JE 452 1) 1) 5 - 15 1)
RAAERARR,  ARJE A G BRA T IR A LAl 3R T B TR R AR 1] S 22 2T 1 3 SO T
Jiike BARGARIE MR AR S 20050, AP 4R T HRITC AR 2 A SRS -
A8 FHY )] - U T R AL RSSO AT 6 T 45 ZE ML) A A% 0 1] B SR

ETHRENHEIZ D
TA)ER 3R ER

ETHER
BoiA dE 3

_______________

L B X RAFr RS
J

] 3.3: BT M i ia] i 2 S BT SURHT A HE SR ]

3.2.1 FHHEIE RIS

X —H A HBATH TR ARG EE RS, RATR I TG4 615 iE
SN ZGUENBATZEHE R Gt BARR), FATH R GLA2E T SEMPRE R SG8%1M
. ARSI 5 DR [92] dpk: 3Ok BRLL TR, A ISR AIHAT A%
(I3 4F7R) o P OER Z R R A, Mg, SRR E R S & 30
% MEATER U SCENS ) BEAT AT s AT AR B A SORH R AT 4% T 5 38 (1 {0 8 A
Bl RBEATHT 70 HEy s 52 ST E G A I R B o A RS e rp (g A A 2 sk AT

3https://nlp.stanford.edu/software/sempre/
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FMiREE
E35:13
HEER

é |
Eﬁ%ﬁﬁ///
L A% %

K 3.4 BT AL SCRTE SURNT 7 1 SEAHEZL A

3]s PATREERAGSTA AR X 15 2 2 4R RA AT SRAE, 159 808) 5 Xt R

s

=

>
M

o

3.2.1.1 HiEE

Berant et al. [16]#&HH 7 &R R 78 HiliC M DhRe. BARK), 6]
)T A Al AT AR B A B, 205 92T DURR I 24 B B pr 45 R B 3h 51\ — IR
), WE3.5FF R, —JtiEia currency CEA L M) FEAIE IR AV itk &
K, MR MATFTAR B SR Srilanka (T2, —ANEZD HISIANMW
A HRXAARRE —IcIE A 5N, B EA I RIE R A &R . 207
VAR R i a8 5 B AN I ) J . (H IR 7 ) B R IR R A

3.2.1.2  FHHERRVIANE- B IRFERR

Berant and Liang [15)8F X MR 7 —AMA1E- 018 1] FRFERIAR (lem-
maAndBridge), TZFFEBAR AL M IE R AREOE, R EBAR A K filid #) 1
RS TE N AR (BEIR A Zhinl, TR 5WERT 5N =61
Z [P R R . W35 Frx, SI A ZI0iB AR currency, AJFHIAE
WA “what”s “money” M “take”, IXFERL MK = AMFIE: “what”
currency”’. Mg S IZFFEBIAR A8

currencys

“money” currency Ml “take

BB TE 2 1R  Zh RE «
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é SriLanka.Currency R
Currency ------- EE SriLanka
75T

What money to take to sri lanka?

SINHZ7TigiE: Currency
AIFHHIAZRIE: what, money, take

RTE-Z TTIERHIE :

what Currency
money —— Currency
take —— Currency

K 3.5: MRERTTERI

3.2.2 FETHERZAIRHE SaE X AEH

X BT 0 3 R IR 3] 2 S O SO O, EERATAY
AL T WRIEFE IR 22 2] T3, B G RATT A R A A P T 3 v ] T 52 ) 7 A
SR e S AR U] 1 - e TR (R IEASARORT T B AL A L 1AV SR R

3.2.2.1 ETFHEEmRBRES 5

T REPRNCE S5 AN B R, RATTEILA TAERIBEAE b, $2 28 Tl
(R B2 2] 775 . Berant et al. [16]38 tH FIMMER 7%, REE 3T Aol , H
AT 7R 2 2 20 R, RO MR 78 4 B A . FRANTEIT7
FEAEMA I ER AL En CAekdE, wTCASI BB, FEnbhiae > . BARE), fEfE
T AR, AMFERSOBIE I e, A — N ZniEE E g, XA ZIoiE
] FEA AL HH AR B FEAN R R . T SERR b, IR AN T 1 AR R % )
RIFEAN A E il A, W R BOZAFAE — DA, XA A 7 AN v
FIXAZIuiE R L (B35 HIB T, ARRNAZAELE “money” :: currency XA
WD, IR B IR MU S A, AR TR 2RI, RIS AR T R
ANBEEF PRI il R R 5l NAE 1], 9l RATERZ AR T oI ANBr B, JEH
PRI B S /Y B g b s S — MR IEREOE i, AT )7 R dh B R SE
PR 2R CBERE . Bhal. TR 2RA]), X EeE1E 4] 5 5] N 0T
IBTEECXS, JERGE TR 0RE,  BI3.5HIB e iiN 3 ANHEEL, Al
X R R A T AR NAZAEAE B RE R il 1% o iB T A . FRATTHE X ]
WM BIEA R, i —E BRI SR UUS, 8 In N B3R R IR L84 45 i 1] 91
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what :: currency
money :: currency

take :: currency

PSR R Ok, IF R T AR e i A

RN TR RIRNE, JF BT ARER I REE o R — B R HER 1,
17 53 b — 0 70 R AN HER B, 3K P8 70 AN HERA IR IR VE AN DCRE M 1 SCREAT 22 4 R THE 1
PE, SRR . Nt BATBCE 1A TE- oo R R IR, e B T
B BRI AR RSO %, FH RS vy 1 Sl (R B SR AT 2R 48 R0

3.2.2.2 BFRIENE- 1B IR IERRIR

Berant and Liang [15]15 V1 1] 18- — 7018 ] (I RHEAAR I AL @ I e e 5l A =
JCIB W IS OL N EOE, PR b, XANMRFERBON BT A 8 = ol 1 #E A RU
AERXA oA O R FEL IR, ISR ER TR IF HIRAT
T VR RS 5 15 S BRI BLJS - AT TR R AT BRI R AS FEAE T A i 42
I3k, BARK), - RZRRIRHE S MRS, HT 98I, 2RIk
AR, #A R FIARERTT %, X2 AT TR 22 B B R . N T
ERXANRFAEASAR R A% SRR TH R, A8 1w Py —ooil in] (03] - 01
] RFAEAR AR (lemmaAndBinary), AR 4T 01 51 At 230 .

3.2.2.3 ETHRFENHIRIZ O 1R EIRET

H - BATTELAE A 3R] S AR K, el R SR 1 2 TR R AV 5T ATk 2
Ja, I HAr A AR 2 1RV AR R K, IX 45V SO s RARK L, AR
SEMRAT AR, R AT I PERE . vk, FRATERW 7R T HEENLSIZ O
WNCIREO R, %00 B AESRBCA A St i A A B A% OV Artzi
et al. [S][BFEH 7 RMAMITTIL, AR 4] di .

FLARNS, EVIGRIGI AR, X8R, A RN R =480 00 1] ek SEAE B 2R AT
S AT, A LA A AR AT Th A 0 ) SRV SR SR AR, B TR X 2R A —
SRACE, R AR AT UM R SR AS B UE R AR A 45 R, FRATV IR LR 2
R HAESR AT . el m TA I gk, SRE0MZ i)V EACR B 2 . Ty
TIOR8 T ORBEEE— M A AR AR B RO RTE, B e BRATAGA
Sl R HCR 1 IR, AR5 I ARl DA IR Dy R HEREAT 7 H T IR R R
BoRATHE R, Ba BATAE— AN # R top K 3A1VE FH R LR AT
Foloial o FEIX BPRATEAT (IR M2, 10 B P AR P 2 A R AT il ik o
FATAA— D ATC R BER LT 1 §UR YRR AT Rt e = 1 1ER
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I th, ROZIN B LR L5 RSV 2 BT DR MBTRILEH top K (5258
1 K=5) L, RBECAITAAH K (K=5) ANARREER RS — N E 1 1)
B, MEBARESREAAFEMNRA, O BA ENEEKE 7. WK
A, AR R gl 5 P A% o ] S RO R 1 BEAT A A

3.3 ETHumErVIRHEF SRIE X R

R RE A AR FRATTHRE L 2 T 4 e PR s ST A SO 7V . 125 A
AT R A SIHESE B, TR0 M T B BRI SO TR AN ] S B YR 5
T E 5 AR Z R AR ALE , D ER T 1aYE i 2 3] 22 S AT, FHEY 7R 1A
B 1R OB s . 3.6/ 1 AT M OINEIHESR

331 ETHEBENIDNES

FETH [ FF ORI TE T, AR M PR AETE R A 5 ) 3178 535 FE 2 08 it i, 7EIX
R LAES, BAFIHET GaE, 83D RBEHE M FIRE, SR EF REZ
[) PR TR ARLEE DN 2 JHT B S5 14 3] 5 A% 615 U545 55 300 R R IL SR R0, T 57 21 21387 1)
G, 8D BIRS. BARR, FRATHEHE — T BB B 2 21 5 ik Sl
NEbr. AT TR R H K & 25 5 SR AR SCAS TE LA 1] S 55 5K 7 2] 1B 5
)T 2 [A) R ARABLRE , AR5 R 28 T R o i B 2 ) SR e R B AT AR RSP U
XFE—R, FRATAT LA EFf iy, 2 2 2 R

BT B B 2 21 AT B T B AAE S ACER B A A, AENLE R
Ak E B F R R OOV [l [122, 126, 157, 101], B4R T-HEZETE SARMT
(39], 1EEGE S E D) [57), DAKHE TR B ARAL iR 22 5T 49,

PATVRI 2 T B R B 22 2 07 Ry e AT 8, AT T EEE N

N =P
1 Ahrial A g A Freebase FISCATRBEZ 8] SRR LB 2 5] — A
JEUEAh 7R 3, IEA T WL % B ae A 38 g b (A — N RNEEAT AT 20
—

Freebase
AU ]

Clueweb

BT B 2 2 Bk

il 30 e

Paraphrase
corpus

| 1R ST

P 3.6: FET 2 B ] g1 5 > BT SURPTHESR I
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MR AT 70 i AR N BRATT e 4 AR 13 i

2. VRIRAE R SCASTE LR ] 1 B35 ) Bl Z IR AR, R A 1 A
I

3. PRIk MR-y 1A S AR 5 1A T 22 TR AR BL P AE JE A R I RO HE SR Lk
FrBTia S5 2

R, BATRAKITAN HIX =AW IR

3.3.1.1 TpFiR

PAT 7 L P IIRAL FRAS B 2B B AR EN R AR IRAT TR A % 2 1IFR
A R IA AR Pl g, 5346, HARFREAE T IE RS E RS, &
ATEANREN LAY — NP7 im 8o D 1R s o M - iml it CREAS 9 1] 6 N 1%
BDAFEADT —AFhElE D, AT PP R e R

H5E, BATHH Freebase FISCATE R 2 8] SEAR XS (1) IR A4 E — AR R () Fof
T, 7755 Berant et al. [16]f28ML, ANFIFIZ, 78] 78 v FRATT A A8 B 35]
(unigram) o ZFEMIIREA A — A2l —ANaliE GEE AN geigfilk
TG, B4 I AN 1553 H R ) 5 1] 1 BRI Al R X AN B AL, DA ITT AN 2 Ak 1] i
MR S — RN R R, AR TR E N EE, I B R
WTE ST AN ALEE . AR, R R A (2 MBS 2 T
B R, iR —E M, R A T2 — M RHE AR i P iX A 7]

il

SRR BATTHAT 70 R 506 3] B () B — RN AR HEAT $T 73, IF AR 4T 70 i
(I PR HRA T iR & A R ] Sl o FLAARI,  FRATIIE Ea by ] S T30 30 0k o 135 S 45
o, g S TR R A B ] i Rl R i, AR rh AR AR SR R AR
xR S R ALK R R, S EME R, R, Bea i,
S, ZEEBAC, FTRiziam A HER . X RATE X EZtt (log-linear)
PR SR A SORERT LR, 0T A o A v AN A B A RE 8 3 i Jim 2B i
IR IR I, IR A% R o SRR B S L F) Z i el 2 BB (AR O
KRR, FEAEE T as I R5e 2 5, A — MRS A R 4T 23 Cinl
ICBRSRRFAL PN N SR, 3Ty, EVCR R R TR ANEE, R
ITEFE top K (K=5) WIATCAMBATI &b 1 . SEbr b, R MATCAET
EBRARAT LB, B3 7R 1A AT 23 R 5 3 I AR T 23 (K 14
T AT ELFE RO 7, B TR R U IE R, (R R SR B 0 IRTE,

e R HBAT RS EE, mAZRE, HFRIMCZEHH R AH#E (unigram), FTLATE
T L9 1 B A BRI o
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born

PlaceOfBirth PlaceOfBirth

Label propagation

birth

PlaceOfBirth

Label propagation )

death death

P 3.7: X EEAE AT 73 A3 VAN T 23 A1 Y 20 Jnll AT BAL R 1 1) 5

PlaceOfBirth

=M R AR I IR T, R SRR 8 IR s AR R, RS
1A Z (AR SE 2R C IR, B 2 38R BUR R BE LUR =2 ST RIS . B
TR UUE 2, WURIRATANA T 70 sR 5, 1002 X ol ] i g 5 — SRV
B, B R A R EC R R R S AT, RZENLEMIRE, XHE
PEREAT e T A A g, 5 3] B R SN JCIEAR B CRUE AR, WslE “ death” 3]
PlaceOfBirth BRI, o (Bl7 AR MIT 20, SIFZIALKNETH 81,
N BT A T AT R AR AT -5, BN E AR
i

3.3.1.2 E#E

X RATEME— D T EERH A, ZE A DA, s
AR RV S 0T LB — AN 5, I8 A S0 N B —MRAE (label),  Fh—3] i Bt
N 5, BRATFRAARELF AT A (labeled nodes); B id G35 H B0 AR B R P )
T8 BN 5 S R B AR 3K 40 R B B BT R, FRATIAR 9 AR ARV I (1)1 A
(unlabeled nodes); 73 /MRATE B Wk BN A (bridge® nodes), X #B43
1 R A I 5 AR G T R AR I T A E, 7Y T MARTELF B S AR R R
RERIELF BT S GE . 3.8 7 IRATT AT E A p ) MR . B A
FAR RN, melZE—MEA: SN Gilig) E8—Me% GEiED
R —AMEERAE O R TR BE R B ) E0D, B AR T A T ARE LI

51X B bridge 5 HTH /48 HH K 78 4RVCThRE R bridge HiEA R —NARP, REMEIIRE LA
7Y T MBI TIRE, BT CAEFRA bridge.
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P TN
V2 I

currency_used: 0.75

4 ‘
.7 money | \currency N
4 / \ \
/ who®./ \ - profession: 0.8
1. / S profession\
Itimezone - . _zone |
e > time_zone: 0.85
e AN /

~——

L: labeled nodes

. 7/
~~__ professional __-~

B: bridge nodes

K 3.8 HIT EfL&

T RAEARZE B A, FRATT R A R S RS 2 TR AU B R A S R bR
U )5 RAEARZE B3R .

PATE T = Fh G5 5 >k b g ) 15 5 18] 15 2 1A R AR DAY B &

AL FH 1 28 — PP Y 18] 15 (1938 M) B3R 7x (word embedding) . IE4FEK, 4]
Ml B RN [103, 104, 102] 78 H R F B iz ARz, JGHZERIE UL
JEARBAESSH [36], ialln & FoREES TIRZHREM . IRINTXEKHKZ, £XR
By i 1 1 18 o 1 2 S AE T PRI RS, SRV L B 1A TR AR R 4 R
PRVELF RS o FRATHIH 21 138 [ 2 %7~ Huang et al. [65], 48 FH R 92 AHALE
vt A1 7 18] R AR ABLEE

55 AP BRI e A R b B LR SR SR AN o X B 2 FRATT AR B AR 1 1
X, 40 “money” F “currency”. AT Paralex 8K} [47] HA4 G X Fh R 5] 75X
Paralex 1B} & — N KRB E S ER H A IER, ZiEEHE N WikiAnswers® EH
BRI, BRI R AR, BRI A ER R A R R CHA P E AR
Do FA S F AR E HOATL s B8 B TR A0S 55 B2 AN Paralex 1R LY a1 35X 5%
AT T A 55 Bt #37 Cunieram) AT R AR RO, R4
S IR RIS KR BT LA 0 55 89 70 B iz i AR E I R . aX AN S 1] 3
(R R AT ZER T, BB BRI B IR A5

F=AEEE PPDB TR R . AR, FAMEH#)Z PPDB-2.0[117] kit
AR E Z AN ARAYE . B T IRAT R A 4] Cunigram), Bt EAFRATTHIAH PPDB-2.0
IR (lexical) #43, FF BLERIH BATTH 73 BORAE i vh 2 R AHL G . 53
SRFRATR PPDB-2.0 H i S 43 p 1A VE #BAE HUR 403, PPDB-2.0 Aot i i
Z A IR fE B R S B TR Z IER A R, R38R 7 IATHH PPDB-2.0
HRR]E 2 8] AR ARLAE B A5 B ) 51A1E “currency” S AR TR

SEhr by FATEF] DUR L i $L 5 YR, a0 B WordNet” v i [A] SCiA] 2,
I H? JC& M VerbNet K% = 78 o LR . SR FRATT R IR FH 7] S ie] 815
B A ALk 1] 15 R AR ER A AT B i TR = B R B A B R R P n e, BT DA L

Shttp://www.answers.com/Q/

"https://wordnet.princeton.edu/
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neighbor words | scores
quilder 3.05
coin 3.03
taza 3.00
les 2.89
exchange 2.85
monetary 2.76
money 2.63

#* 3.1: PPDB-2.0 F5iiE “currency” sARLR JLANAE

BAFHAFIH WordNet. Wang et al. [135])78 70 F I B AZ 4 Canshia] KA RITER)
R ] I AR AT R R FE T CCG 1, AT — MBI A BT A T A5
Gy ANTR], T SCER 3 AR TR R R ASAR 1T 1A — AN A A [F] Rl sl A4
[ FR) A2 80 2 AIAS [R]85 SRRy o B2 T IR AR, ARATIA 3 1 ot & 50 )l g . 3k
A3 BLASE F 2 1R B AR, P DR AAS 5 R A B 32 1k

NT IR RN R RIEHE D, ATARE A ARARE 5 Sk %
top 10 FAHARIARTELF BT 25, FRESE top b BABLARIMETT 0 X T/ — M
wo BATIEFE top 5 HIBARARIARELF BT £l 46, JATEF BIRELF I 2
() R

E, PIANAIE wy A wy Z TA]REL AR AU &2 256 ) = 2RAR L B 7 vk
Rk, HEAXWT:

sim(wy, we) =asimy (wy, wg) + Bsima(wy, ws) (3.1)
+ (1 — a — B)sims(wy, ws) .
LR AKX, simy BRI R ERRSBIPIFELIE, simo &R 2 IR EE X
BRARPIE, sims &R PPDB HRK1EERERIAILE . ER&iHE 20,
RE—E 0 IRIARAL M Bl T A — b B, R A S i S B T R 4R
AT AT

3.3.1.3 BELE

FRATTHIFH B A% 3R S50 R AR T 4 B 15 R AR 245 KA B 45 R A% FR 25 R b i
7 e X PR AL IR SRR T MBS B AR LR Y R N B A AR BR A
AU /it BRZEnt R ENR FE AR ()8 3R], 59 SO0 B 23R, 8T SR T4
2, AR B AN, TR IR AR T DA IR — AN T e FEIXTTHY
TAEH, FATFIAH modified Adsorption algorithm[131]. %5245 BRRETT &
TR LRI Y, %A 200 T 20
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min o Yy pr|[Y, = Y|+ (3.2)
Y veVL

oY P WoullY, = Yol 3 + (3.3)

s Y ps|lYs — Rull3 (3.4)

Eid H bR B B = A8 SRR RN TSR T RIARZE AT Y,
RERIFAZ: 0208 1T ORIEE B, ot ALY 5 B A HAL I AR 22
=AB RN T IRIEARARE R FT G — NI Ruo pn o 1 pug
TS A, AN T B2 I FORE B ) — AN, AR RS EXizi 24
BEAT IR FATEER Junto FRRALHRSE T HASKEATIREALHE

3.3.2 ETH FeIRELANIE AR

PSR ] DG, B — N RERERIAEE RS LG — MR 0. &
—H GAE, ) R AN . IX RV S 1RV — A R R AT R A
A A SEMPRE(16, 15] RGAE ATATHIFEAETE SCART A8 o A B HAE
SUAERAT A MR AEE SL,  FRLETE R B AT E SUBAT IV ZR AR . 751X B IRATT R A
FIH lemmaAndBinary $F{E, §iH 24Uk BIZRHE 12 F 2L

3.4 SCI§

FATT N P A iR i 78 7 VR o il B T SRR SRICIE T VAR M. AN U7
[FISEIRHEBAE A A TFE P L # AT 7T s : WEBQUESTIONS I FREE917.

WEBQUESTIONS $#i4E /& i Berant et al. [16]SE T K . 1% Hh4E B 4L 5800
AR, BN R A R A R . RS, 3778 NFEBI TSR, 2032
AR 0

FREEILT HHi4EA Cai and Yates 22JER MK i BHEE S ILAH 917 ARG,
R ) ) J FOR AR RIA A . M bR, 641 MEGIHTIZR, 276 MFE
A FH -3

PN B AR Freebase 1E A ZIRANA

Shttps://github.com/parthatalukdar /junto
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System Prec. | Rec. | F1 (avg)
AR FT . FT, 41.6 | 45.4 39.5
M FTy, AMERH FT, | 48.0 | 51.3 44.7
i FTy, AMEM FT, | 46.3 | 524 45.5

% 3.2: f£ WEBQUESTIONS #¥54 Fi) A 415256

System Prec. | Rec. | F1 (avg)
WA FT,. FT, | 61.9 | 61.9 61.3
il FT, AMEH FT, | 65.1 | 66.0 65.1
il FTy, AMEH FT, | 66.6 | 66.0 65.9

* 3.3: 1F FREEI17 H¥a4E L) A 45256

3.4.1 ETFIFEZAIREE SRS X EATRYSEIE
3.4.1.1 SCIEE

FEPIN B SR b, FRATTHER R A BRAE I 25 / iRt 20 31, A BE47 T A, )
Rl ZriE% 0.8/0.2 HILLGIYI 7y, Herp 80% RO FIRINZR, FITH 20% HO%E
FRIMA . R GEVPU AR FIRER A 2 A MIARHE [16]: ~PIuERAR . BA TSR Z
#F SEMPRE R4/, AP SEk (B 7SRRI B
ESHM ) FEI S HUE R G R IIZRBIEARRE I AL 3 M 6. FEEE— A
AINZRRI g T JE FIEFE IR, A H S I ZRAe OIS S A& L T Be . T T
RPZ LI BRME K #BRE N 5.

3.4.1.2 SLIWERSDH

STEE AR EIRIFFAEASEIR (A 2HSEIS) 1ok, FRATRXT LLIRATHR 8T R R B AR -
lemmaAndBinary (ic A FT,) #1 Berant and Liang [15]#2 t FIFFAE AR -lemmaAndBridge
(idN FTy) o BT lemmaAndBridge XAERE FIMFIEZEOL N AR FrPAIRATHE
SRS BRI UE MR SO (FOT B R Thae) . AR & % F
AT, RPN EE L B2l R ansR3.9M K310~ . NG RIANTTLUE 2, R
ERAR FTy 1 FT, #ARF ARG F1LAARSET  4%-5%, FT2 b FT1 ARk
PR b, Ty FRAEBARGE B & FT REEBR Y 75 5 TR0 SEA0 H FRATTEAE TR AT

Z4 A lemmaAndBinary HFAEREAR

S REV LR EAER (B ASE5) Oy 7 IRIESRBUZ DR SR T, AT B
T ANTRIURZ o i) S 1y 42 P B ] i 1 2 G AT P R 1 A A% oL ] L) AR 58
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System Prec. | Rec. | F1 (avg)
JR AR RS (L, 48.6 | 57.5 48.6
BT L, B0 | 49.2 | 54.8 48.5
s (L) 50.1 | 58.0 49.7
BT L, P08 | 515 | 56.8 50.4

# 3.4: {F WEBQUESTIONS #JE4E EI) B 41525

System Prec. | Rec. | F1 (avg)
JRag1E 8 (L) 63.9 | 63.9 63.3
BT L, Mtz | 645 | 62.8 64.1
i (L) 66.9 | 69.2 66.4
5T L, Wizt | 67.5 | 68.3 67.0

% 3.5: £ FREEQL7 ¥Fi4E Fi) B 4525

FATHESAE T R DEAT IR, S48 4R A lemmaAndBinary $FERHR, J<HIHr
HEREINRE, BLANRAIELE JF 4G 1A S ) Al E IR T SR B oA RO, ER A
B 4E ERISE AR AMER3 5HR . NG RBATTLLER], T HZEH %0
BRI VLT LA m R A HER 2, BEIRSHIME — S H FR, (X Rk
PERE R BIR mE R 1. 3 ANRATIE e PSR EUZ 0o 1] i 1) 77 V2 BB R K 4 1] S
IR/ RGFTRI AR RR AR, RO TR 1/500 A% (FF
WEBQUESTIONS F#a4E, R AR A Z om0 A1 58 RV R 70 il a2 282005
A 132111, A% CENC IRy B4 66 F1 335). fEJG M MsLssh, RATEAER
AT Z 30 b A 2 T SE AL BA% o im] LR BOH 7

FELER(CESE) MNERNMBEEM ARG TR T H FRMEA R -lemmaAndBinary
FSREAZ O SRR, JF 5 2 RFENRE L TRt sess, ERMERS L,
BAIF )G THR&ERThRE, JFERMA T lemmaAndBridge FFAERBEMR, 7EFRATI R
g, AVEH T lemmaAndBinary FEAE, I [F) 450 FH 35 T F AL A A% 00 1] i
SRIEUTTVE, I v B L5 P OO X e b SR 7 SR B SR AE AN B 4R B 45 R an
F3.6MK3.THIN . INERATTULE R, B THrEEpm 2 S 7 EE A lem-
maAndBinary FFAERBACM 3 T # S B O 1r BORBURTE 6L T, HUMRERE 77
WA HHERERS, HATKINERE S 203w, it E s a A
F3.8JEax T JUANFTATH 2= ) BRI o 3X e 3m] VAR S 4h 1a) o AN A7 AE 1IR30, T
ARG RS, BTWEETE, Bl ARRNE, FHnbiEE maE kR r), A
Al DV R LV A S AT E 5, Z2ATVTTER, A 7T XL, s
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System Prec. | Rec. | F1 (avg)
MRS 49.7 | 58.2 49.6
TAI R S8 51.3 | 59.3 50.9

BRI R G - FT, 489 | 55.5 46.7
BATH RS - &0 8 | 50.2 | 59.8 50.0

% 3.6: £ WEBQUESTIONS HJE4E EIf) C 4525

System Prec. | Rec. | F1 (avg)
HUERA 65.1 | 66.0 65.1
S XX 68.3 | 69.0 67.6

BRI RS - FT, 65.4 | 63.3 64.6
WA RS - #Z0E i | 66.8 | 70.3 66.0

#* 3.7: £ FrREEOLT H¥E4E Ly C 4525
e s AT A T RE

3.4.2 ETFFEERIRHES SIHIE X ETHISEIE
3.4.2.1 SEUNEE

WARTERHEE WEBQUESTIONS il FREEIL7 BEATMINR, Ik /MR EE 2>
e KA HEIE R IIZRERREURAR R E N 3 M 6 Ik, MR R
BN 200 M1 5000 FEARMETE A, FATRKE o =0.05, 5 =0.85. {£ Junto LA
AR RANTEE: 1 =055, up =044, pus=0.01, f=2.

N T BUERRATTTTE R A R, JAMYE T a0 s =M E . ERREE U R g
KAV ERE DG, MHEGIRM, ZRFICA Base; (EREAEE UGN RFEH IS
MriEdethae, ARG IEH, % RS0 N Base+bridge; 7EIEMETE T R o<
IMFIEREDIRE, A IRATH R, Z RS 1E N Our approach. 2 RATTE A1
L RGEIHAT T XL

g 1817
college Education
wife Spouse

kill | cause_of_Death

win champion

*® 3.8 T HIBHHOTHIH]
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o1

System Prec. | Rec. | F1 (avg)
Berant et al. [16] 48.0 | 41.3 35.7
Yao and Van Durme [148] | 51.7 | 45.8 33.0
Berant and Liang [14] 40.5 | 46.6 39.9
Bao et al. [11] - - 37.5
Bordes et al. [19] - - 39.2
Yang et al. [146] - - 41.3
Bast and Haussmann [12] | 49.8 | 60.4 49.4
Yao [147] 52.6 | 54.5 |  44.3
Berant and Liang [15] 50.5 | 55.7 49.7
Yih et al. [149] 52.8 | 60.7 | 525
Base 51.0 | 47.6 40.5
Base + bridge 50.0 | 58.5 50.0
Our approach 51.6 | 59.7 51.2

% 3.9: 7 WEBQUESTIONS R4 45 St bk

System Prec. | Rec. | F1

Cai and Yates [22] 67.0 | 59.0 | 63.0
Kwiatkowski et al. [87] 76.7 | 68.0 | 72.1
Bast and Haussmann [12] | 72.0 | 67.8 | 69.8
Base 71.2 | 59.5 | 64.8

Base + bridge 69.4 | 64.4 | 66.8

Our approach 71.5 | 679 | 69.6

% 3.10: #£ FREEILT Hd4E b igh Bnt bl

3.4.2.2 SRS

R3OME3 1070 s TAEM DN EHESE L, BATHIIE S HAh R G551 45

RXFEE . MR BATATLLE 21

L FATHITHERAT 1A 2T S5 2R AT R gemimiiid 13 HE R 4t (Base),

£ WEBQUESTIONS $IE4E FitE T 9.7 N A, #£ WEBQUESTIONS $#E4E |-

P 1 4.8 Rl M TR ER S ME R g, ARG FRET 1

‘B (Base+bridge).

2. FAITA S B Hrie] i) 7 e P 1 R S R S, X ARG A
Bl _Enf DUE KM, ARRER RS, RO &R EE R, il

A FH K B2 By BRI SCASTE AT ]

W%

>N U<

Pa, AR VR RE S $ =y 1] i (1 7S i



52 e 97 Bl S ) AN G5 R S 1) U ST B AT 7T

B, MIMHETHE LT 25 fE . fF WEBQUESTIONS 44 F, AT
ATV ERENAFEZE (67.9 VS 68.0), £ WEBQUESTIONS ¥#E4: |
KUWIRAE,, HLE=. EWANEIEN L, MILRERS, BRRER
E| Sy N

3. Berant et al. [16]Fr#& H BIMFER 7L (bridge) T A R, FiH C& i,
MRIERT R Y THEIThRe, H2 e IRRA % S B B AT 7%
A ST B 7R, B ) A B R 1 PR T VAR R G

MEEREMNFESHHRFNGZE HINTKRFERREERFR AR, H
T AT IR IF I R G R IE & B 2= — 6, 7 WEBQUESTIONS ¥4 [, Yih
et al. [149)7E F1 16 FHUS 1 52.5 BIG5 R, AT T7I5RZ 51.2. ABATTIR 7 IR AL #Ew
FE BRI AR ERUR AN . TR VR IR R ARG A A8 LK, ARATHAS
T B AN S, AT AR B ) AT 8 SRR, AR TS SRR T 2> 3
W BT SRR B DT R R UL B8 =8 R FH A 0 B e 2% A
PATE S A il M R AT AT, AR S IR P RGeS i Gl A ), kAT
SERIN (R SGEFATHE D . TABA TR EMT P IR R 3T 15 UV, X —
KAMIFHASZ IR Sia 4, H B AEE L IEH B ] AR A 0 ik, BRI R
A2 SR, HRAERM M L5 KNI T, 7T A 8O Ra i tkge .
AR, FRATTHE HH R IR 2 7 9m)  FR 18 SR AT J7 VR LA SR I EE AN I AN F 1] i 1) 38 S
FERT T AR IRATT 9 2 T3] B R SO TR A B AR s, — 7w, e
) BN AR T T, TR BUE ST T R AE AR AT R I
iz, 482 75 18] 56 42 0T DA ph ] SR /INRISOVERUSER A e, T AN FH R S () T vk 4 &R
2 (AR AT BRI R (PR He 5

FABIRERRBRMMR A caengnt, PR AEH S, AEH
ZAl. —J7 RN T RN, 5 —J7 &N T J7 8 v 55 5] 2 8] AR AL
N7 UERE PR R iR B, FRATTX R R Y 5 B R AR R TR A 2
Wi 15 SCARAT O VERE . BRATIFE P AN B g AT 7 X LSRG, — o4l A i R 1 1]
M, —FloR Y R R S i 22 4n], RS R A e g, I LA R R ]
WA R B B2 S g s, 0 bhgh Rink3. 11K 3. 1208, IWEF, T
A DLE BIX P IR SR E A 2, H 2 FUE 1] A B ORI I — R R, X
MR, TATATLON T R 7, e R A e 1) .
AEVERMTTFIRHEZE MR FRATE TS 0EE 098 U, 5 A 31
SPERIE, N TR =M RIERAOR, AT E T, 4 MRS
WEMT: RMEMERERR, RAEHEREES; J{EH PPDB-2.0; [FK {4 H
3 FR IR B A LR 5 B A i SRS B AR, FE Al ) aA g, IR
TR SN o I AAE SUBITIN S RANR3.13 07, R IRATAT LA 2.
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System Prec. | Rec. | F1 (avg)
Original seed | 40.6 | 47.5 40.6
New seed 51.0 | 47.6 40.5

% 3.11: {F WEBQUESTIONS /{8 F A~ [ ] Bt () 5 5 %6 b

System Prec. | Rec. | F1 (avg)
Original seed | 69.8 | 59.0 63.9
New seed 71.2 | 59.5 64.8

2 3.12: 1F FrRERI17 bAH FIANIE] A 81 10 45 55 He

L ANASASE P ] [ B A D v SORRARLTAE 1R B2 B P 49 380 R ] L O AN AR 3R
AT 1] ) & s SOMALL P R 18 SO S 18 TR Z B 07 T, TR 75
& BA MRS SAE E R . than, AR A sk v EAE AL,
“apple” F “orange” H & HA M U E AR, (HIRATAKAE ZLZXFARLE .

2. SUUE A R R HEX FRCR AR IR, MELRAERSE, %%k MiRTT
B R R FATTIA XS T 75 T 55 53 30 78 X 2 8] R AR ABL P R B %,
FATH AR 1 B a8 2 H o 55 50k o RO 5 BT A7 AE AR 24 2 R o

3. UUAEM PPDB-2.0 MRCR 70 hf . FATIANEER KDY PPDB-2.0 B
0 [ SCAA] 1] 1 5 A 2 SRV RE AR il B SR A, A EEASUAE DR 5 1 D5 7%
PPDB-2.0 B E 7 IRZ HABKIER, (1545 2R T8 KARAT & 2k i 2

4. RIS A ) = AR AT U SO B R S ROR BRelef s BATA IR =R
R AR H R DA B AR ST

FIBRFTIRNC IR H B2 I8 ST ) 2078 55 FE 2 W i ial . JRATH
T3 VER F 25 5 3R B S AR R ] L 55 5 R Mo~ 3] i 2 5] 31078 5 FE o) R A
#*3.14)87R T 4£ WEBQUESTIONS #la 4L b, FAT T I B J LA B e . 2=
predicate R~ TRVCH )1E 1], seed phrase FznPF1a)JC F #1A] i, learned phrase
FTR B IR A EE, score RN ZIANL RV & 7. WRHPIRATAT
CLE S, AT 52 m] DL A am] YO RS 2 ] AU 2% S 31 1 33 )i
EERMEEIRST AT LI 45 R p B R AR AT 1 R S A, AT R IR A]
BHL7E 5 BE NS 1) i) R AR R, ) — e R (AL 1 R, Pk 2 oeiE A . A
)y BEAREE, XEGE F I GRS WL, (R BT [ RO B ST IR AR
MEALHX R ERTE Y, X2 L i A L 0878 55 B I S0V R R R X M
FMAR.
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System Prec. | Rec. | F1 (avg)
Base 40.6 | 47.5 40.6
Only word vector 41.8 | 45.9 39.7
Only paraphrase table | 50.0 | 46.3 39.4
Only PPDB-2.0 51.2 | 58.7 50.6
All 51.6 | 59.7 51.2

#* 3.13: £ WEBQUESTIONS #(#E4E b, A F SIS T AR UME B & Ja F b A7) #1225
Ve

Predicate | Seed phrase | Learned phrase | score
currency currency money 4.91
Education education school 4.75
Religion religion believe 2.30
Profession | professional who 2.30

*® 3.14: £ WEBQUESTIONS ¥¥fa %k b, FATTEHrA 2 LSBT ARNE,  BLAGZIRTE )
LR 5y

3.5 KEING

A F ST INTE ST I B Ay BERTE FUVE SRR o 1) i 3k 1 2 5 18 SRR GiE U
BRI G, I LR, NP0 T At A2 1] 307 2 FE AN Rl L. O T i pRiX
AN, BAEBUA TARRSERE b, SR T —Rh e W (3] 352 5T 115 SO
T3k e SINEEINGRRIRE, TRASI BT, FRINEA2> . O 7t — B i i
SRR, O TR A IAER R, BRATIE BT 7B A TE- s A AR .
T RGEA R RN, SRE BRI B, ARSCESEH T 3 T PR ML A O 1] S SR
Jiike SEREIRRW], WATHITT A LU RME R GUH IR IR T T

T B AR ST P A S o E B A, BATISR Y 1A T
] B2 3] AR SURBHT 7 ik FEETHERLE, 25 AR - RR e 5 S0 AR 2
(] F) S AR B3R BIR 5 ST, 38 78 70 A SCAS 5 SCAS 2 1] ) i SRR R it — 28
PRl BARN, FRATE Je Al R R0R B 5 SO 1) 1 S A IR 5 >0 B 46 8]
S, AR A SO M 88X MREEEAT T 20, FF AR BT 2 m i, A
FRAATTH SR A6 1] 3 3555 BATTR I SO TR R AR B 2 > 1) 5 1] 22 18] AR AR ABA P 5
e, BATH A EAARSL, DL S 2 [ AR AU, WORD 5 3ali A 2 2] T Y
W BAEHT AR SR AT SORMr s, IFEN A 2 e S BT IR,
S 8 BIGAE T AT R 78 LUE 3R P 7 2 BB IR

AT HIA B TR ARAT A~ BT ERRRIRI L 3] 73 7RR0E SRR Ot
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(s B2k skH: “Semi-supervised Lexicon Learning from Unlabeled
Corpora for Wide-Coverage Semantic Parsing” 2. ##5 Coling-2018 (£:30).






ENE ETATEBEUEH

41 AKESR

T SO E e e — SR T A ) e 6 — AR SR BRI AT
T ST LR ) A) 1 R ) 15 BB RS, RS YA A SRR OC B0 R
CETE AR AN N B SR, ABTER N B 5C R, RN S ZE I H 15 5 = iE 0 5
SRR FR: MRS, WAEREE, WEENZFEEM 4, BFEFEH
AKFR. BIHETEEM, &R TEMI. E41F R T — M8 AT
B, BlFH “German” &— AR, “what” XN E|—NEESLE, BATZ I
KA “the capital of s

BF What is the capital of Germany?
(B SAEHT) l

WIERIAT,: Ax.capital (Germany, x)

#7) i C D
£EE. {Berlin} 4_

B 4.1 15 SO I — A1

T SUAAAIT H (1) 5 A B S S i R ) - 1 45 R B H AR SCRAR G R B RS o Il
W, H bR T RN S5 R 2 AR AR JUE R, BT AR B A — 2 [ e
(1), RS HArumds T8 — N5 SRR # 2 E 2 1. 2810 3 2815 5 KAtk A
FEEMEZEENE, —ANEE GBSO BHETLIA 2R, i) gkeq gy 58, wf
DI FHZMEIE: “HASZKT? 7. “WUIAHLZFLT? 7. “WRAGFHR S V?
PLCREA S K F Y S WTRREEMERAKR, REMH T ARREE, wreL
5T FH AT IR ) B2 3] 7 VR R U o AHR A RVE R I AR 784, B S SURR BT e DL A
HUXFREF L W1 R XA T

s1  What is the population of Berlin?
sy How many people live in Berlin?
lfi Ax.population(Berlin,x)

lfs count(Ax.person(x)Alive(x,Berlin))

Bl T s A sy B — DR, #ORlHMkea Ao, BIRZHAETH]
FREEE BRI . AR RIA T 1y A 1 fy AT T WM [R] AR BE A A
MRE A B IXANE RS . AT 238 21 H A R R AR — B2 [E5E 1, e
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(8) ZHIJTIE T8 ST BT

So: What is the name of Sonia Gandhi’s daughter?

lo: Ax.child(Sonia Gandhi, x)

ro: {Rahul Gandhi (Wrong answer), Priyanka Vadra}

(b) FATTTIEMTE ST BT

So: What is the name of Sonia Gandhi ’s daughter?
s;: What is the name of Sonia Gandhi ’s female child?

l;: Ax.child (Sonia Gandhi, x) Agender (x, female)

ri:{Priyanka Vadra}

4.2: XL BT A SCRRATT R A BAT TR A6 P 05 355 38 ST O3 1%

YL e, BATHA 1) 83 s, MAEBRES U, s1 M sy 22 7] LRI AEAE
(17, IF XL R RAR G ) XPE—2K, A 53 i 5 ARE 5 0 TS 5
H Fr i R EE AR B S50 ANDLIC o IX A S5 Mg ANULIE (7] R, 192 1 SCRA T T M ) —
KBbi&. FHE LT, H2dl sg BRI 1f, B s BUREI 1fy, XX sl
P — B OL, I 1E U AT DUUS RDW R 22, (HER B ARTE LRR54)
THEMA—E, WESGRRE Ifi, BT R so BEIENFTIRE Uf, BT 515
EFE— Rl 4518 ST IS AR K IR R HE

N T R IR E ARTE S A1 B S5 R 5 RR PR AR B SR A — B ), A
BERAVEW T HET A FEHE B SUREIT T, ST X PR A VUL A &, FRA 138
HEFFR R —FFRR LR, ZRAEEAFREAHRNEE, mixk
S5 5 HARRIR EEAAR I S5 002 — 30 . Bla.2h oR 7 RAMERH A) T =5 1)
W SURENTTTERE T, DLAS Z BT EA T . A& so 2T [ B HT
T SURAT T IEE BRI 50 F s X NAZHERIERX (FH lambda-FRIEX 7720
r_0 R o WEHRERRBRIMEE R s BERITFIAAFESTHEMN so 521
ol L RBNEEINEST s IR RIA o BFH L WEHRE
RS RIEE R, 4558 rg B “Rahul Gandhi” & — MEEPIE SR, KAfME “Sonia
Gandhi” H)ILF . HlFrh, TATFHEIL AT so:“ What is the name of Sonia Gandhi’
s daughter?” fEHTAL [1:)x.child(S.G.,x) Agender (x,female), X HIMTEHEE
Xt so BEATARMT, EAERBIIE I x.child(S.G. ,x), XIEAZRNHFRE LFRR
I 5L HARE S AT Z [AAFAE G ANILEC B Al . 36838 “daughter” %2 H b
W KR childAfemale. FATMITEEL A FEERITE, H s FEFTT s,
BARP), BR)FH “daughter” EEEF| “female child”, X s, BATHNT, HT s
MRS BARE SRR [ MR —EU0, Btk s, 2] 1 Pt s 2
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L KT R A 5
FLARN, AT G5 H AN LS i FRREAT 1 VRGN RIE 45, A3 00 R PSS AN LG i) 7L

1. 1-N BUARPCEL - ) A — AN a7 5 3 1) 18 o N B 0 VR ZE AR op 2 AN T 4 daugh-
ter” — 1A X N B FIREARARFFITCN childAfemale L.

2. N-1 BUAULES: SRR FE A rp i) — AN T000 B 3 6] 5~ rh i 2 AN 1A)EE,  an i e
AR I population &K HAESH “how many people” Fl “live in” I
AR IE .

N TG R SRANIGHC [r) 8, AR F AT RIS 7 R T SRR —
P By M B B P S U7, RO 1-N BUASUGRC 8, RAAR, 341
FH 7 i Hroxk A4 18] A RER B Bz dm], 92RO R) 1 MR TR B B A T
55k, MR N-1 BURULEC R,  BARR, BAITAI s &) 7 4T
HE,

AT, BAIMMA T ES S ERIRZH AT, FERHE Ui &
SRR ANF A AR AT AT, AR MR RIA . SAh, BATERE TN
Hey BB AT AR 25 18 T A7 B A R AE, A SO AT 88 0 (O RFAE
CRE IR PR R R AL R R IA 5.

BB Bt O — 22 AR TR QTR R SU T h 25 A AN VLS 1) . Kwiatkowski
et al. [87)E AAKRVLHC 177 KM G AN DL BC I 8L, BARE, AT A i) 119
A TE R 7T B B RN, AR5 M RIS R UL e b o 5 i R AR s i 21 F AR A
IR AR, AR TR AR MEAL BRI AP 1-N BUA0 N-1 BUADURC i) @, Berant
and Liang 14| A HEIRK 595, BARR, AbATTSaR] R &) 54 sl i 32
BRARIR I, A RN M Ak e 32 08 A BT 7)1, iR S B A 7 S R TR A
—ANEBX, HH AN EREAREEAT R HIWr . (HRATR R A e 2 A
RIEXMIHAE, BT Lk LRSI A VLR . A EE SRR 59, BATTH)
JTAEAE ST AW B 25 BRI AP S5 H AN UL D, AT KR4 1 I T 1 SCREEAIT F) £
Ho B4 3R X LT VR B B EE

ik YA 1 B 5 AR OR AR R ASUL G 7] AR I 8L 2 AE AR 55 B/ 2 1 5
UE. N T RIS B T IRTE 5 5 HARE S Z A3 ASUCEC A 1R R, ) 2 L v
T TR IR, InEE BTGB R Deil, WP RIARAARH K, Collins et al. [35]32
TR E R A T4 (restructuring) MJ7VE, FURM, XTEE S miA AT
FERNEW ORI b, RIS T2 U ) 7 A 25 R BEAT 88, AT A45 208 ) 1
F AN TR E) 7 1R 7 5 H b A 5 f1  R EULES . O 1 ok [ 7
B YRS 5 5 H RS S AN E P R (08 IR 7#,  He et al. [58RHIAH

e R, AN T O E R A 2 RAE S, BIAEH] female REIR gender.female
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BT
&5 737k
| wiBEEER |
(Kwiakowsk et al. 2013)
aF 2HE
T RixN

_____________

_____________

(HAH0753%)
Bl 4.3 B S AN ILRC AR, FRATTR VA S S TR R L

7] () L%, AEVR TR 5 o ) T ARAER b, R RO A 31T A%, HEWEN T
i a) R E R B AR I )7 B

fFEE 5 EREREMERES, #ReE T, ERFa)T, K
BAEFEA M. Narayan et al. [111]7E[F]—FMAr g H 75T R4 G
N1 WE AU, Dong et al. [45]#& 2T RIR M H 3 0 & 7715
Iyer et al. [66]7EE UMM th A SR B 20RY A TERL, 5 mrili UM &= 1z 1k
PEATE b -

BAE AT E AR WEBQUESTIONS HiFAT [ 98 SLin sl R IR 7%
RERS A U R S5 M ANULEL I 0] B, REREAE 2R il ST 28 I PERE .

AT TAER) T oTiR r] USG5 LU R A

L AFX T8 ST B ARE S 5075 HARFITR AR 2 (8] 45 M AN UL FC i ) A, 3
A5 13 TA) 735 8 SURIT 7. AR R U 48] 1 551K
PEAARGERY AL E %, AT B AL A — ML, 2 RIB 5 AT A
R RS, ERBRIANEH S B AR 18 251 2 — 501 .

2. JATVLLS 7 IREFIA LRSI A, I alse s ¥ A& 7 5 K5E, B
X 1-N ZUASCEC (A, SRATTHR 1T B M 5] T S U5k AR N-1
RIASVEEC R, BATHR 13T BB M A 7 B S ik, SeiR s R iR
T AR R
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Word Logical Form | Wiktionary Explanation
son childAmale male child
actress actorAfemale female actor
father parent/male male parent
grandaprent | parent/Aparent parent of one’s parent
brother sibling/male male sibling

® AL EHTRE, BMREOIERE RS, ER HARE SRR DU ZR TEAE. Wiktionary
R R

42 AFES

R, BATE AR R A TEGH T, A 1-N BATLR
v R 2 T SO e ) B S vk, AR N-1 R AN DG P ) R0 P 4 A8 4
) ¥ S U5k

421 BETFZHBHMMAITES

£ 1-N BUALEC TS I, — AN iG22I — N2 -E E R, tein,
5 “daughter” W HARE X KN /& childAfemale (R41FHELZHHT).

N T RREPIX R 1-N BUAVLES AR, FA TS 7S (“daughter”) 5 BGHTINR
1E (“female child”), ZFRIES HARE X FRRNEHRE—8HH. EARTE TS, K
IR AR AR F SR AR R AT B S . XN E— AN AEfE = i 1)
s P VR T R R ARRE, TR SRR S5 MR I 5 H AR RN I S5 1
[FIA) . R41H R HaaiE S B Rl SRR Z R EAEEAN DL D 17 &, X
FEASULTC i) @3, #R W] LA FH 3l v AE 7 M rh A RER A e o L, 138 “daughter” 1E
Wiktionary? H IfER S “female child”, 15115 B riE X KI8 childAfemale EF
AR R B 584

KBGO, XK 1-N BAPUUEC ) #, #B 2 )1 i@ 44 98] (common
nouns) &M . K, AT TG — TN ES[BRFH A FRE, RINA
X JER A o H L) A 38 44 ) B EATTHE - b Rk B AR TR — A )b
WA EASZKRZ, FUILERANS 2] 0HA) 7 RS AT X T e T
B EE INER RN A1, JAT2E X —MT 50 R 8, MAE TRAIERR, ok
XPEATATIT 70, PEIETE WEE4.3715.

FA2Wh R T — M ETHE RN FEEER . Hl7h, FEaT1 s A
T4 “name” M “daughter”) , BRUEIERATSAER] 3 NFIATF, A2 r.

https://www.wiktionary.org/
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s: What is the name of Sonia Gandhi’ s daughter?
r1: What is the reputation of Sonia Gandhi’ s daughter?
ro: What is the name of Sonia Gandhi’ s female child?
rs3: What is the reputation of Sonia Gandhi’ s female child?

R 4.2 BT IBHA AT ES AN

ro Ml ryo FEIXR =AML )T, 3 AMEERA)F ry MIRATARE), BoNE
a5 HARE CRRME - —3, FEASFAMER 7 AbEE (w, A
“reputation” KB “name”) IIE 10 KA/ .

fEAZ S, AMEH Wiktionary F 3RATH) 7 MR 7]+ o 13 38 44 7t
ITEE. BN, 48— @A, FAMEHAE Wiktionary S i 1R
“Translations” — IR HTRE M 1-N BYAVCRED (] @R 2 ph B 42498 5 i
(1), BRI BT RS I8 A2 R (R RE . 3 — MANEAE F B AR 2 M RE, FRAT M8
W CGE—A. S4h, AT R R iiiE K A RIS 5 MR

422 ETHEREHNGDTES

£ N-1 BUARPLEC R RS T A, — AN R2% 0 AR E 5 RIE X R E — > L
HARiE SRR Hetn, 558 A5, BAT R Z30A) 1 s B RITE R (2
WRIEAD 1f, ZIF LRI ZLL Freebase TENFITAAA

s: How many people live in Berlin?

lf: Ax.population(Berlin,x)

B+ H A =ANEE: “how many” (count). “people” (people) Fl “live in” (live) &=
— SR 2] — 015 population. #4.3HEIN T H Z MRS 1.

Expression Logical constant
how many, people, live in population
how many, people, visit, annually annual-visit
what money, use currency
what school, go to education
what language, speak, officially | official-language

# 4.3: 5T N-1 BUARULE 611

N TR N-1 BEAVCFC [P, BATTHE R AR i) &) T =S 5
%, ZITRREE T R R R A B) T e B R B R I ) o BLARRY, 3RAT]
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RIR 1 =R 2
How many people live in $y What is the population of $y
What money in $y is used What is the currency of $y
What school did $y go to What is the education of 3y
What language does $y speak officially | What is the official language of $y

R 44 BT EBEBOTHIH]T

RIS RBAR S IS P = {(ta, tr)|i = 1,2,...,n} RESH)TF, Kt g—H
TR, S — NS Sy, SHAE R DAk, 1) Wty iR
WXt ARBER TS, EAVUER A DS HROBR, R44P R T3 T
SRR AT -

25 T SRR HR e — AR 51, AT B Bl R 1 B 5 U7 VAR
BRI TP R THITES .,

L HRLAMNAT sy ARG ST = {sty, sta, ..., st }, EAER, &
AT AT SRR RS “$y” 3T 8. i, IWAJT “How many people live
in Berlin”, FRATTAT LA BBEAR “ How many people live in $y”.

2. ¥, AT BB s 2 b i = T A IR BT (¢, t0), Hrh
t; € ST tbtn, AR —LH IR “How many people live in $y”, ]
DUKSE 2R 49 BIIXAE ) LRSS (“How many people live there in $y”, “ What is
the population of $y”), HHEE —F A tas

3. teJr, WATHEEAR t, HARE “$y” HIZE — 2B P i seiik i i, B[R A T
So» IXANHTE) T HUL AR I AR R B VAR B — DN EE AT
tban, FRAIE to H “Berlin” B#e “$y”, wIUAFE] “ What is the population
of Berlin”. JBILIXF TV, AT LIS BS54, [R5 HARE R
(population(Berlin)) &5 —HIH )T

N7 R TR B AR RN E S RN R, RN T E
EH— N ERESCS AT ) T EE R E, WATE X T & TR #H 5 i
T (PR IE L8437,

N TR SRRSO Hdls e, BRATTE I 280 T Fader et al. [48]HI7J72K H 5l
R R IRIAR AT . HART, BAVEH WikiAnswers BIRERIE [47], 1ZEREFR
S 2 T 3 B A% (question-cluters) , Ff HAEANZ K 0] A XA T [H
FER A GERH P B RPRCHI AT & IR 8D .. K450 BoR 1B IR E i
PIAN TR -5 e N T R R IRARAR N, 0T — AN, AT e Tz g b i i) )
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How many people live in chembakolli?

How many people is in chembakolli?

How many people live in chembakolli india?
How many people live there chembakolli?
How many people live there in chembakolli?
What is the population of Chembakolli india?

What currency is used on St Lucia?

What is st lucia money?
What is the money used in st lucia?
What kind of money did st lucia have?

What money do st Lucia use?

Which money is used in St Lucia?

* 4.5: KH WikiAnswers &R ERE A B i) A)-1%

PRACHRISEAR, AR <$y” AT EAL B RAZE TS AR <$y” RIRR P 2
AR S — SRR AR o B IR oA BRGNP, 2, BB
(ty, to) RUEIRARARRS (to, 1) AW DAF IR IRIRT o T OREE R RN 1A
A, FATH O BRI 3 B IR -

4.3 ETRTFEERIEXBN

FERX 1, AT AR R T 07 =S IE Ui R 40, B4 42 BA1%E
THE) T EERE SURNT INERIERE . € — DT, RIVEEHATEERTT
PAEA)FHATES, G235 TR A T BB A TR SR HETE SO P 8 & — 4
WA F BEAT U SURMTAS 2% B MR RIA I Be AN — R R
KHATIT 70 040y, IEBAT s MV N BA T B A E R . TR, BTN 43K
I A S HETE SUR AT A%, ASCERAT T s AT 70 R K

4.3.1 FHEIBENRIhES

AR TAES, RAVEHZETIFE (agenda-based) WG X AENTES [15] 1N
FATHEAEE ST &%, IR ek A ) 7 R AR R A T %35 SRR 4 o 5
T lambda-DCS 3% [91] . TSk, FRATEH Berant et al. [16] 372 Afi i A
BRISCE, o Ta] 3R SR ok AR i — o iB 1 A e iE e, SCHE SR AL G 1R AR
AR FE N A AARBHT 2, AT 7 — AN, FRA S E
FR—mZEREA (BEWAZICIERD, W child.obama/Agender.females
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FRaF

(AFES)

e F

GBX 1)

ZEE A
(#1T)
23R

4.4: BATR A T5) 7 15 115 ORI AR RESE

X 7 SURHT 354 UM 5T, LT ST 52 51 1 M R 5

__ exp{(a)’h)}
polals) = S exp{o(a)70)) (4.1)

Hr o —HE, s 2T RETRPIRGS (state). SKISREISE 0 FHwn T

T
9 <~ 9 + nR(hta'rget) Z

t=1

d(htarget) (4.2)

0¢(h) = Vglogpo(as|s:)
= ¢(ar) — Epy(ayjso[@(ar)]

AP EEE R(h) FREEARHES () BIOE, MEBK, RIZES
HER . n 2%, WATMHAH AdaGrad[46] #ATHHE

(4.3)

4.3.2 FTR#

AT IEF RIS R, AT T — NS B8 A) T EH S o flE
SURBHTES A T R 8. 5 — A1 o, RATFI A FESERM AT o, F
FE RN E: % o #EATRENT, 534S (derivation) d, FRATTHIFT 73 BR EE X an k-

score(z,z',d) =0 - ¢(x,2',d)
=0, - d(x,2’) + 0y - d(a', d)

100 Ry ARGy, — 88 RAITFEE S —0, - ¢(x,2'); H—H 52
SFERTE 7 —0, - d(2',d) s FUT Berant and Liang [15]M 7775, 4770 &G
NXEMTES IS EL 0 FIF A4 2847 Hr. R, T b o) FESHS 1S
£ 0, R A X7 B
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6y < 61 +nR(h §(x, ™)

target)
6(w,2™) = Vlogpg, (" |2)
= ¢($’ xl*) — Ep91 (z'|z) [¢($7 xl)]

433 BWFIFTEX

NT#AAZH 60, 0y, WAL BB ZX (2, y;) ROEIHEAT ISR 2K
AT Berant and Liang [15], FATEE & AMUNE (reward) BREL, AR &K
ALIRAG TR 22 2 8. UARME R BB T S HE T . SEPr b, BEEE
Br— Ik SH, AT 245 B i S A 4T (derivation) 234 fe i 14T
gy, TEERUL, 2 R B S IRATIAT 70 A IR, WrE sk B E s, R
AT REUE R s OME R BUEERAS, RomIT 0 R BUE AR, K465 TR
WS, Bkh R REWRITING (x;) FonA i fhé) 1 85 5 55 2] 3F ik
BB A 756 AL PARSE(pg, x) RonA M =21 S HO0 ) 1 2T it B8
# CHOOSEORACLE (hg) RsM ho I mUrb i B8 o8 B0E & e 1 3
(derivation); BREL CHOOSEORACLE(Huarger) R TEMBESEA TRk £ PR 2L
EHREIES: K CHOOSEORACLE(h],, ) FAAEIA G i i 8 e £ 4
T T FH R ) S AR B 1

4.3.4 Y$HE

e Rs], ATEMEHNERRE, —Z218 U2 BUFHE, X B
A 7 BT SRR AT #8 P A0 FH I 8RR, PR, B2 W [15]. n—KRE
FFEEHR S HRHE, X RE R g R TR AT, Brh) o LR O BT
(derivations), HARMIE LT
ETFHBRAFIE S DT so BRMNHA)THEANEER R ex &
Bz w, FEGHHA)T s BIRE, FATE XWT 4 MFIEBR: 25— MRHERZ
P& e mimiE s B o AMRER BN B w — exs B MR 2 B
B imiE w AT s WA ENE A A A ERE R EYE (POS).
ETRIVERAVIFIE 4E M7 so, BIMMEARRERXS ¢, — o, HE
F)FAFRF AT sy BIBHE, FRATHEE LT T 4 MHEBR: 38— M2 3RAT]
FIeASE FH BASEAR AT (81, t2)s 2B ZAMFIEER) T s AIAREAR ¢ 2 [RIAIAHILRE, BEAR
AL so A ¢y Hn]TE ) B B AR FE R E AUE ;38 =AMRRIE R SR BAR AT (44,
tz) PIRI{EE, BARK), FATEL TR WikiAnswers ERRREAR ¢, FT ty 155 HAF

. (PMD; S5 YA 2 H bRl R I —JaiB e p AR ¢ 2 (A1)
@ﬂf(]‘, EAFHE RN T AR ¢ 281 p BB .
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Input: Q/A X {(z;,y;) 1 i = 1..n}; HIRE K; A F
HH N; EARRE T

Definitions: K% REWRITING(z;) #IH*A]¥
HEFFEBEAT o BRETRENTAT: KR
M PARSE(pg,x) 1 agenda-parsing 75 ik T
MR S8 0 AT o BT R AT R
CHOOSEORACLE(hg) MR & ho IEFM
B mE NS K3 CHOOSEORACLE (Hyarget)
M T 8 HE T bk BN A I HE ST R
CHOOSEORACLE (R}, e) 643 2 55 i 1 {H $
ST

Algorithm:
010,050+ 0
fort=1..T,i=1...N:
X = REWRITING (z;)
for each 2/; € X :
ho + PARSE(pg,x';)
d* <+ CHOOSEORACLE((hg)
htarget < PARSE(p;C“’, z';)
hiarget — CHOOSEORAC LE(Hyarget)
2/} CHOOSEORACLE(hiy, get)
02 < 02 + nR (Mg ger) Zthl 6 (hiarget)
01 < 01 + nR(hiypger)0 (i 2'7)

Output: Estimated parameters 61 and 6s.

R 4.6: FATISEE B L
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4.4 SEI§

B, AT ARANGSNe, F6T2 R A, AR SEo 6 it
G

441 SEIEE

SLIREE  RAVEATF LIS WeBQuUEsTIONS Fil4750s, ZHIEEEHE LA
43, LA Freebase NHIREEAMR ., Yao [147)F6 HiZEHELE 85% MIFEIHS A i #Lpa]
e AL AN SR AR AT AN SEAK, s L F R ) — A g iE R A
— AN, )] B Sl R % iR BR T SR A 5 A — A ik
(WATRAR AN o JATE IRk B U1 2/ A B o0 1

FAh, T MARIRATH TR S R A VLRSI f BB ROCR, 3-ATIE WEBQUES-
TIONS a5 E N TUEE T 50 MELESSHIAULECI R, 40 “ Who is keyshia cole
dad?” F1 “ What countries have german as the official language?”, FF{EZEIEE L
BEAT 1.
RGRE LK, BATFIA Freebase MR APL R sSLRFER:. FRATHE
Freebase ‘F A\ Virtuoso® 84 &, I 2R A X4y SPARQLE WG], FE
Virtuoso AT & W), 158 RFRE XN HIE S IIZEARS, UIZRik Ak
PATEE Ty 3 WK D RIS fige pir A5 ] AT R B R, BATIRE DY 200; A)THE
oy, AN R TR SR R ) S VRS B ) T i 2 AT 100 1,
B TR B 6 (1) ) 1 B 5 D 02AR B A) 1 [ RE S 2 AN 100 4.
EERG N5 IR SRR LRSS EIR I LA RGHEHAT TS H: X
RGO FEITIE UM R SE [16, 14, 15, 149]; FTE5 BHEUK RS [148, 147];
FTHUASEIER R B RS [11]; H TR ERRHEE RS (19, 146]. FraXER
25 1) 48 SR A E A AT )8 SC R PR AE R 3t
& (evaluation) 5 Berant et al. [16]fI PPl FR#E—FF, AT )@ =K
AETRAE PP AR . B T ARMES R AT REA e — Sk, &7 2 SHRIITE I
PRI FATR T4 F1AE AR T B flibnvtE . VPR et 2 2 1, I &
GrHR R XA AL bRk .

442 SEWERSDR
FRATIIR T AV 71 N Z BT 7 45 Bt b, MR ERATAT LA 3.

3https:/ /www.virtuoso.com/

4https://www.w3.org/ TR /rdf-sparql-query/
Shttps://worksheets.codalab.org/worksheets/0xba659fe363ch46e7a505¢5b6a774dcS8a/



SEPUE HeE) T ELE B TR SUR T 69

System Prec. | Rec. | F1 (avg)
Berant et al. [16] 48.0 | 41.3 35.7
Yao and Van Durme [148] | 51.7 | 45.8 33.0
Berant and Liang [14] 40.5 | 46.6 39.9
Bao et al. [11] - - 37.5
Bordes et al. [19] - - 39.2
Yang et al. [146] - - 41.3
Bast and Haussmann [12] | 49.8 | 60.4 49.4
Yao [147] 52.6 | 54.5 | 443
Berant and Liang [15] 50.5 | 55.7 49.7
Yih et al. [149] 52.8 | 60.7 | 525
EATHTTIE 53.7 | 60.0 | 53.1

F£ 4.7 AV RS Z B )71 WEBQUESTIONS HUiE&E szt ok

L AV 45 BAR GG AV 8 T 4 TE RS, £ WEBQUES-
TIONS L LS T & E i F11E 53.1.

2. AT ESHEORAEA R E SUENT I MERE: WP A FES, AT
LIS HETE SUBHTES (Berant et al. [16]) 7E F1 {H L3/ T 3.4 A48 (53.1 VS
49.7),

3. G ARG, BATHINERAG 1 o e (P ED. X4 R BRY]
MM TESE, WATBEWARE kR ERAR. B, WNTNEEH
B[ ERI A I, HEE SN A RGNS =4, TP HERAERAT
ZHI ARG AT BN R CRARBER AR R ILHDD .

HEEMARE O ERMSERSH 8T oW &5 AN U EC 7] 8 g 1, JRATIAE
WEBQUESTIONS R MIIZRE EREVIEC T 500 M)+, FHiEAT AN Tofr. 3
TTRIFEARZAR S A 12.2% WA) ARSI AULEL R & Hh 3.8% Kf) 18
T 1N BUAPLRC A 8.4% HIA) T I8 T N-1 BUANULHL ) &

NT BB IAE AT 7 V% T G A VT in) @A 5, FRATTTE 50 MNMEAES
FEANUCHC i 83 /NI AR EEAT 7 S208, R4.8F8 R T 1R 1%/ NIREE ik 45
MGG R TATAT LG B, FRATHI 7R 10 R0 A U G5 A AL FE 7] /8 2 Ll 2
AR ST ay, BAPE TR FEE IS OB 2878 F1E L, BEERS T 545 4
Mo
AINAFESAENERSHT N T XA a7 S 5k ROR, A 13T
XS E: MEAA)TES; UEARTFRERNAFES, (MEHET
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System | Prec. | Rec. | F1 (avg)
Base system | 31.4 | 43.9 29.4
Our system | 83.3 | 92.3 83.9

R 4.8 AE 50 NFAESSH A UL [ A3 A AR b A 45 Rt L

Method Prec. | Rec. | F1 (avg)
AMERA)THES 49.8 | 55.3 49.1
PUEHET BRI A FES | 51.6 | 57.5 50.9
PUTHETHRER BHRMA)FES | 529 | 59.0 52.3
[FIS S A ) 7 S 53.7 | 60.0 53.1

R 4.9: W H R RS NIRRT RCR

PR A 7B FNEHNRETES . SCIREATRINELIF R, MEiR+
FATATLLE 2

1. WiFha) 78S yE S RE IR m il SURAT R RE, ML TR RS CMER AT
B\EE), FIHET 7SR ) T ES P05 SCRENT 83 A5 TR0 2 e 1
A F S WTE RNTE F1E FREW Bl mE 1.8 F1 3.2 b,

2. ML FRTFFMBHRNA)TFES HIE, ETEREHRNA)FES FIETE
MR B R 2 . ATV BRI N N-1 BUARPCHED in) &5 s WL (72
WEBQUESTIONS $#E4E ),

3. WARE) T S ARG A I ILANTE, RN A PR ) LS R SO AT
HE T B R

FATEXS A1) 7 B INERNRORIEBAT 13— P i), FATKIMA)TES
JIRRES A R — LA RS, T ORI TR ELIN 4, RN 3R 4. 108 1 LA
T, R O RoRERNA) T R ZoRAMHA)FEEFEIRGEHG) T (BRI SE
KEERIFED; LF RonZERIAR,

REAGESEHEMNBRSM AV FETEHRE# 6] 7 H S Tk A A&
PR EAE R A S . Bk, FETBIR E ) f) 1 S T A SR A
8] T U G — AR, RN RATTE E T CBERR, 53R HRFIE, XFE—K, fiE
W BR AR AT IR A 1 — S ANH e . B, X TFR)F: “ What does jamaican people
speak?”, HAEMINZHFRILEAXN: language spoken.jamaican. #{XAXF|H A
“people” R “speak” F|1H1A] official_ language Fll language spoken Z [][A
il BRGS0 2R, BRUETE UM &8 S48 0) T WU 3] official_language.jamaican
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O | Who s willow smith mom name?

R | Who is willow smith female parent name?

LF | parent0f.willow_smith/gender.female

O | Who was king henry viii son?

R | Who was king henry viit male child?

LF | child0f.king henry/gender.male

O | What are some of the traditions of islam?
R | What is of the religion of islam?

LF | religion0f.islam

O | What does jamaican people speak?

R | What language does jamaican people speak?

LF | language_spoken. jamaica

R 4.10: A TRTR) T EHG K SO a3 PSR AETE SO T8 R DU 4 i 61 7

(R I AR R0 S5 — M7 MmN RS, @R AR “what
language does $y people speak” 5181 language spoken X [AJ BT R R (& I
FEIE), AT RS R TR 1 AT X Fh 51 5

fRRARZ R (O0OV) WIMRSH  FAVKIUR &)1 5 (1) 7L Re 08 £ M
& EORfRR ARG ] (O0V) [l Rt — R B, g irisd, ke rf
PIRE R A YIRS (exicon) E @, AR FARMER AT IEMR. (22, @il
F)FEE, FRATAT AR R G SR B 4 b 1 A ) B 55 (0], AT AT DA F ]
X E S AT RT . BN, R410F 05 3 AT, A)T “ What are some of
the traditions of islam?” FAE ARG 17 “tradition”, MTIABERIEHETE RN 3% 1E
WS . TMRAIMA A FES KL, B2 E)T “What is of the religion of
islam?”, FHE) T IO N B “religion” &4 1R BT 55 100, AITX M5 7] BA
B FRATHI 7V E R b

4.4.3 FRIRSHT

N1 THEBAIM RS, AT RS MSE RMIT TR . Bk
H, FRATAEERFEE] R BEHLESE T 100 DNFREBIREAT SR FRATRILIRAT R
SRR R EEA NI 4 F (R4.11):

B — KIE R AR A 8 (label issue)o =F 2 RIFRF A BUEAREAN T4, BE
PIERIERATE S, RS R —&0. W, XITE4) “Who does nolan ryan
play for?”, BAVRGLHIE SRS 4 M CEFRHZEIX 4 MPO, MhrENE R
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Reason # (Ratio) Sample Example
Label issue 38 What band was george clinton in?
N-ary predicate(n > 2) 31 What year did the seahawks win the superbowl?
Temporal clause 15 Who was the leader of the us during wwii?
Superlative 8 Who was the first governor of colonial south carolina?
Others 8 What is arkansas state capitol?

R 411 ZGEH DUEHR I 3 2R TR DS R B L AT 451

HA 2 N o FAMAFRTE R EUR AR, b, X5 HA) “ What state is barack obama
from?”, FMENZERRZE “Illinois”, THEFRIERE “Howaii” .

B REKE R Z uiEE (n-ary predicate, n > 2) W@, HAET, BRAELL—
T SN AR HER A B — ML Z oeiB R R A S, WiR ) “ What year did the
seahawks win the superbowl?” FBHIZE—MEHE 2N IURIA REERFIF, 4
HRXNEFEFEARSEE, MENMEERSH, FREDNEEFAKERFEn . X
s/ AR IR, (H 2 IS AR 2252 ) ) AT A o0 T A IS, T R EE AR
bt TR R Rl 2 2 0iB ), B DAIRATTRE T S i s B IX R R
2]

= KRR K ZR ) )W) (temporal clause) o 5t [A] @ H B T B TE] A], L
i f) “ Who did nasri play for before arsenal?” W] “before arsenal”. X n] @
XTI 1T S SN a8 R ARMELL B, B RUAEA — AR A 1E L R g
BEANAL B A, X2 DA S /7 EE s i 7

FIURJRE 2w (superlative) [0, X8 N KU, [FFEZIRE
MEFY A L. Ehan e £ “ What was the name of henry vidi first wife?”, FRATTHE BEIFF
B ELR I F e A BRI TR DUF I B 56— Ao X T8 AT as K+ WA, —7=2
BIRE RPN Gttt 4, R EFE AP bR 4, R4 kR
1

A — L JF R RARMEL A1, Pt S8R, SRS K6 A8 “ capital”
PER “capitol”, 8 “marry” $E “mary”.

4.5 ARBINGE

AR NEE R FIOIN 00) 71 FERIT TEAE SUARHT o X538 SRR v 45 4 3000 355 23 A7 AE 1)
HARIE S AT 5 HARTE SRR Z B Z5 /0 AN UL ) L, BRATHR 1 — Ak )7
G SUENT T ZIREN R g — N RRIE, ZRIA R
TIRATRIERS, JF RS BARE SRR ZE A H 2 VERC A o 3RATTx S5 48 AN DL i)
FRBEAT T VAAN I3 09: 1-N BR0 N-1 Y. £F%) 1-N BUARPLEC &, FeAiT3R s 1
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— MR T M BRI A T EE I B N-1 BUADUEC R R, FRATIR T A
TR AT RS k. AV AT ESINENH TE SRS AT
PatE AT 1SR, SIS R 1 IRATTERA Rtk BT S TR S R
T SN )15 B ARTE R Z 8] 45 1) AN UL RS Y i) e o

AR AT SR “Sentence Rewriting for Semantic Parsing” LK 3
%K T ACL-2016 (CCF-A %) .






FBHE ETIRBIREEERRE B

5.1 AXRES[E

AT & e, — D58 BERE UM & — IR PN ThRE : SR TR AIE SV
Hi o A% G A SR BT 85 RKEE 20 R 3k T 416 508, A EYuWi 3% (CCG) (154, 152).
TR ETE X CE (DCS) (93] X EETE ST a8 &0 H SRR A & 4580, F
FH ] BUORBEAT 15 S 3, 701 FARRAE X fige 32 A AT &5 SRAT 20 FIEFP o SR, AE T 17 T
BHEO T, —BARMER S0, A ) RS TR m A R A e, A, B
ROV H A R R o AR R, I BB B 2 S AN R dm B s ) . 9 1 ik
R ], AR AR SO AT ST N A P 8 32 T HOR K e g e 3115 LRI DT
%, METFRA-FA R T7

BB CEIM T (123, 124, 12, 149] FHE LBk R BIRE 5 6] 7 115 L
R EH B —AF B, WEs. 18R, BEMHiE U@y E SCEITLRL /A
FCH T . FHEL T RIS, 18 SRR MR #AHIE [149], JF HiE A
M5 5 0] T RIAES M R R 2 3L R A [123]. [FIF, SR B FREERZ5 R 4R
ATE LA R AEBAR I W E MR AT AR on AR [149). 22 T8 CEI T iR
PRARAE T o] 20 g — AN 0] 7 1935 UL I B, 15 SIS 4 2 R FH R BB,
P EAAR VLR TR [12], A MARAERT BRE AER AL TR (123, 124), BiE @S
Ja RAHFE [149], XETFEAGER T N TR, 8 R R Ed R, X
433X Le T VRARME AL BT OSSR A T IR 28 )T

AR, A A M 28 (RNN) BRULE 7 81)-F H1 ) i) @ E 23S 1 AR KRk
I, LSRR (7). AMR 4307 [76], X5 58 T X AR 55 K 1R 7R g 21 AT P
REJT o WA A TR 51- 5 1 HBAY N ] BITE SUBBTAES5 oK [144, 43, 68, 61],
XL AR ) FH AT A 228 I 28 ASE R4 ) 1 A AT RSO ZI L ) A AR ik e IR —2K
AP ERESCE, AT E S S B E R S, SEANTE 2E SCH RURAHE, JF
HAARY 2 2]t v 2w ), Mo Ak, FE LI (7, 99] AT RLRH SR 2] ) H 1) al i
5 AR A IE R Z [ B3R (soft) R 5%

EARZ, FAEE T — P B8 AR HTHEZE Sequence-to-Action, 1ZHEZE
RERS [F] I ) FH 2075 SO st CGRIRBET),  BL B A A 48 I 28 BT ) i 3 7R 2 ]
REJJRI PR BTN GE ). Bopdith, FRATTHETE SCART 1] A R — A s 31 3 1) 1 ]
AR s TR BT B, X TR E A “ Which states border Texas”,
BAT R BT — 1 8{EF%1: [add_variable:A, add_type:state, ...
NTIEE| ER Hbr, ERBMNFER T —DaMEES, QR AaE, .
WA ST f (add_variable)  ¥NIISEAATT AL (add_entity) FHESINZEHITT
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BF |- ———! Which states border Texas? |

\ 4 Iy oo~ —— 1
Sequence-to-Action  add_variable: A

EFME Mg | |2dd e state

|

|

: arg_node: A :

HRFMH | EMR | add_entity:  texas:st |
v : add_edge: next_to :

ERFT) - —— - arg_node: A I

: arg_node: texas:st :

My |return:_ _ _ _ _ A_____]

—_——— e e — 4

|
’ [return (RS> Grate),
Fﬁ : next_to |
KB EBEVE F---—- |
e 3 |

5.1: FATIHERIBEY, HA M — Ao

(add_type), FRIIABNIE, Wi: WI-1U (add_edge), A MIIEAERFEIME, -
NIN-F REAERT (add_argmax) . ISIN-f/MEIERF (add_argmin) . #RI0-1H 5
YEFF (add_count) %%, ZaMEEL AR HRLTE LEHMWE. AR5, BITEIF—1
PEFI 22 R 258 B RS A A AR 7 2, 1R i 0 A g ) 5 B oot 2 FRp 1 SO
J& s BATEERIT T AEAERS R FE R I N VALY SR A RE LA A 564, R St it
JEMRRS AR R R R BIAE, B — PR S AT R L

Z R TR BB T EEEAE N TWOE ) B0 I8 K AR ORI R A v
MHE, MBI T, BATHY sequence-to-action 457 G M5 F| FH 115 P4 11 25 9 2%
BB A s A5 e %10, 1 sh AR 7 210 AT DR SR e g1 SO, A5 (1) 9 5 72 i 1) g 1)
(end-to-end ). IXHE— 1] LAEAT 3 1) 57 2] B9 A2 BT SAEAF AT 7V A A XL
AN e 8 18 N 21 B 2 AR I o

TAH P 2 52T 2 41- 7 81 (Seq2Seq) HIVE SCRENT 7718, FRATH 71548 H
TEIph 22 P 28 B RS A s AR P 91, AN 2 P 2k 2 AR R A . FRATR I, 84T
F R B shAE 4 s T8 SR RE A5 4 $E 21 5 2 1745 BANE UE B, RN RATH 2w id
J7 BN R . HeAh, FATAT DI AJVELY R A AIE L2 A Sk kit — 20 1 o
W5 ST B, /£ Geo FiitEd, Zh1E add_edge:next_to (K FR: %) WUl
WR T LA R A X SR P B BT R 2R R B sl & state (3B
A D I state, AU N ENELIRFAY: 14 next_to WMAUERAANT
m o DU R — N 2

BAVE A A FFEARSE AT TS, X =N ERES N: Geo [151],
AT1s [60] H1 OVERNIGHT [139]. SE545 RARIUE 7 IA TR A Rk AT 7%
f£ Atris fl OVERNIGHT XN EHE 45 BARHUS 7O BUim iF 45 5%, £ Geo %X
P S TIRE S IR,
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AT AR 32 ZEUTHR AT DL 259 BN 7

1 FATRE T AN 18 T HEZR Sequence-to-Action, 1ZHEZLHEIE S
T e 0 S A o ey 281 i 4138 SO AR RGO AR o XA B HE 2R RE A% [ Ik ) P O S
T SR 7 BE 0 RDATG I 4 25 o) 2488 A TR F) it e 271 00

2. JATBit ¥ —> sequence-to-action HIERAA, Fl—Ash1ESEE K gL
SRR, IO — MBI N 5 B F R A s P 4. B4k, FRATT
A P AVEANTE SO AR LR E 2D 151 ST . SRAR S5 RABIRIE T 3AT
JTENAT R

5.2 imElimaYiE X EE A

GHE M) X =z, ...,zx), FATM sequence-to-action BEALHLAE Bl — N3]
ERRHNY = y1, .,y ZBMER I T8 6] 1 Bt B KE Bl BI5. 2R T
— AT BATHIBAEL R, B X AR Y FIEER P(Y|X) R 80320 ay Bl
Pay L YSL SIS

Yl

P(Y|X) =[] Pwely<t, X) (5.1)

Kby =y1, o Yoo

ATEE| ERERR, BAOIFE: D —MIfEES, ZESRERmITIE LEM
s 2) —AMwtdds (encoder), EIwmMLAEHRIE S A1 X B N—PMER
Ny F—AMEISES (decoder), TZMARRY 2R HE g h 25 14 1o >R 1) ) B 3R 7 SR AR BB
FEB) g, o ypyy e B, AT WA AR

5.2.1 RATFIEXEMRESNESE

B, —MNEER W USSR T CERER R A, U Sk
BT 1 G ENE R R) M—L@ 8RR (, sRERERF. B
VEFRFS THEARIETE . SRAAERFSE) . N TR —AE K, FRATETH T /SRR i
zEhtE, BB e:

HM-TEH S (Add Variable Node:) XK EE R ~EE LK EHRmM—A
AT . BN, AR 5 R R IR B A G N B SR 103A] . which,
what) , HWA AR — A AR &Y Al FRATE A a1~ Kok RN X K3 1E:
add_variable:A, JLAt A ZAET SAFRA ID,
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s N

Sentence: Which river runs through the most states?
Semantic Graph:
arg_for_1 arg_for_2

return |€

Action Sequence:

Structure Semantic Arg
add_operation most
add_variable A

add_type river A
add_variable B

add_type state B
add_edge traverse A B
end_operation most A B
return A

K 5.2: Bl 7 IS — AT, DL T B B 1 SCIETRT IR A i i 38 SCEI R Zh 15 Fr 47

AM-EET m (Add Entity Node:) XEFIERREE CE LEIN—A5E
ARG R — AN SR SO B B RN EE ) — A SR . A MER @1 F R R E R X
KENYE: add_entity_node:texas.

Aw-25)T s (Add Type Node:) iXEEMERRAETE E LRIT—AN285]
R 0 Cstate, city))o AT TR AKR K RIZXKZ)ME: add_type_node:state.
PR b, AT ARG AR B RO SARTT RE ANE, — AN LSRR A
FE—NFREAET S, M—kil, R2X KA EEE R, #EKA Type,
N1 AN AT R AT A Bt B B TR IR T

wIN-11 (Add Edge:) XEFER R B ERPRANT mZ [HEn—2%
Wo — 25X M BFIREE R — A 2Rk R AMEH I IB AR R LN E:
add_edge:next_too.

BAEFENME (Operation Action:) XIENERRAEE XE En— M E1ER .
—MEERF TP B K (argmax). /) (argmin). 1140 (count). KA (sum).
HE (not) &5 (BMENIEA L (compare), X BIRANIEAFZE). HTH—
MREFRTHAE B, 8 7R — DMRERFEEI, FATE SONE — MRERTE
XA BE: — NI EAERF, KW start_operation:most, — &5 REAESRT,
FKIRUWI: end_operation:most. XX PNMEIERFZ AIBNAE 7 51 Brka i 18 X+ &
FRAZIRERT IR 72 W R I8 A B, FRATH — AN BRI XA/ I 3R 15

SHENE (Argument Action:) T _FIAMSIEHH L85 130 17E 75 Z A4
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-

K 5.3: ZTIERE MU A T A s 1E 7 S A A e I 28 AR, By — AN 2 R ok
GREOERGIIES

PIZHIEE, W, —2%i8 add_edge:next_to AIEFZIIMEF AT fi. Bk, A1
POAEIN-ZEATT 5 (add_type)s ¥iNIA (add_edge) FIEE/ERF (operation) i%
it T ZEEE, JF BB EEME RS IR E R E A ER S T .

XTI IN-2E50 5 (add_type) #ME, FATHIM—DZHantE, XAHSHE)
VE F R 32 W1 1% 28 0] 52 F SR LY SRS 9 5 XA S EOT LR AR5 /L AT LR S2K
Wk, KEAETURTEN: arg:A.

XF TN (add_edge) Z11E, AT N2 4031 :argl_node 1 arg2_node,
F SRR R %I P A9 1 X RBNMETT LA 7R N:argl_node:A Ml arg2_node:B.

X T AR RHEAIERT (operation), AN it ¥ AREIZH, X+ KA 1E
(operation:sum), FATRM 3 NS BN1E: arg-for. arg-in Ml arg-return, %7
il FH SR 2 B sk A 4 4B TR IS 1, Prge it R SR AR B 45 58 (— oy — A48
B XTIt (operation:count), MBI NZSHENE: arg-for
M arg-return, 777 HIREE P ETHEH T AAGR IR R X T & R EE
(operation:most), AT 2 MANSEENE: YA arg-for, HREUIFTIEM
HIP AT R A B, I BP9 A S8 Ja I

FATAT UF 24— D shAEES R @A 1 GRE AR U R, XA B 7 46 11
X T AU I i REAS S B S 2 M5 R, RN IR L5 B 5 RRE RS 8%
HIBR R T3oh, FANTE I S04 5 21 i) 4 5 11 2 b B 3% e FAb 12 AR 2Rk S
MRS R SN5.4.311).

5.2.2 ANEBFII-SMERFRSIR RS NG IR EY

BT B AAREERY, X5 AT HIRAT T T s 1 7 41
P4 hE-f#eS (encoder-decoder) BEAY, HAkHn, LT Jia and Liang [68]Frfd H
HIPEFA A I 28 AT, JRATTIR Bt oM B 3 i UL e 810 2 O A e 22 T
28 iR NP Bt D AN TS
#iE2% (encoder): Zwi%as 7157 1 XA EAMP LML [7] LA G T 21, ..., 2y
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HAOREE BT UE B ERRTI by, ., byo BIG, B—ANE 2 SR
W AR, SRJE XL ) B RN A B I MBI L N 2% . — AN ET a2
P2 (forward RNN) Fl—ANJ5 FJEHFHZ M 24 (backward RNN). i 5 FA1 138 U
A AR 57 2ORAE BB CRS I A b, ..., e

P A TSR PR K S EAZ TR AZ T2 (LSTND [62] BTk (T 5L R, W4
NE) TR 1, TN SCE A L RS0 BRI FoRN: b, = [hF, hP).
FRHGEE (decoder): FRATHEFIZBLAIME TVER A HUHIRIRRRTES 7], 120 20K K
R AEME, HIEER B gy, oy TERFIAAE A J, PR 28T 3T AR
B s RN yy BERET 5, My, EHIEHORE, B3] ;. /MR 0
IR A RTBRALE L

s, = tanh(W© R RB)) (5.3)
ej,; = S?W(a)bi (54)
exp(e;i)
’ Zi’:1 eXP(%’z") (5:5)
¢ =) ab; (5.6)
i=1
P(y; = w|z,y1.j-1) o< exp(Uy|[s;, ¢j]) (5.7)
sj+1 = LSTM ([0 (y;), ¢j], 57) (5.8)

Hrp A — A5 ER 03 ay 7€ SCT AR B RREZR A0, i8] b f s —A
MERAA R RN Z § %00 ERER LRI, MERMAHCOR, RFE = e
HfEiZiE B 546, ep R ARE—WHITES 0%

N T REMEAE RS B R I N2 PR A, AT B RN T — N A
(controller), FATEAESES.3.3 W VELNNH 1 Z 4511 8% .
FMEMEERR: £ LRFEESE T FEG—DIMERRENRR (y). RIS,
Ay, F—DIMEEE Iy — 2 fkE 7 (W, add_edge), J3—#B 2
WS (4, next_to). XFE—K, IMESINETT REIL T A)EER 7 B 7 S
o UWNENME add_edge:next to MZE add_edge:loc MiILE 1 A)vkEs sy, malfE
add_node:A FIZ){E arg node:A ML [ A)EE . N T RADSHIEE, K&
TS HAMEL, AV i85 o AN E G ER s B E M =R
TN XTI, FRATHEE B A)7EES 7 RIS SCER 20 1) 1) B R B EE SR (concatenate)
| HBOZEIE T B R R, el ¢ (add_edge:next_to ) = [ ¢, ( add_edge
), 0 ( next_to ). H AN R BB o) T IR I TR
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ETE]

BEREAN| « | BXE | «—— | SEFT

ER [(&=# |
K 5.4: AL G NE P 5 Z [ B iR A 1

5.3 THARFMRIMEIE X EITEE

EIX—T, TATERIBIRATRZ W R A sequence-to-action 1A K4 37— AME
SFERTER I . BRATE A AIRATWT I ATRATIER, DL U AT HEREE (infer-
ence), FEF A UMATTE RS I RE FR I N RJVE 20 SR 25 A RINE SLAT IR 444

5.3.1 %k

SRES AR PSS BHIPENER {2 wE, we MU, i\
[ B LT BR 2 o), RN [ B WU R 2 o) o BATTE LI ZRERIR A ST X e S 4.
Z i — MINGRRED] (R)7 X APE TR NIEIER 51 YO, BATRAME X AR Y
LR T BAT B AR in G R A

> log P(Yi| X;) (5.9)

=1
ATV BRI B AT B2 R 020k S S 40

BRI BNEFTIR R IIE B T35 U@ AT B R K 2 8 2 LLB R R IA
FORFRIFER . N T INZIRATRIRI R, AT 245 2057 (138 SCE BT B sh 1 7
Flo FATLLE SCEIWE Jy ] R R0 48 R A e B R 51 (EI5. 4R8N T #t
=R AR ED o BoAgHh, w5 53RATTHR FH R BEAR S8 i R 4R 2 1A U 4 i
VESCIEL, P AR R AT A SCEIAE B E P 1. Horhsioqd, AR s Fn ) #R & 717
Mo RELD . HAE R RIZRRE SCE, AT A L 1T EHE 2t R TR
N, BT RE-SEER, WRRES, AR, R B —%
ORI 0 B 2] — 2H R - S E I G S5 A0, BEANE SO ot B 21 R 30- 2 2300
TEfE A — AP 1, 3 B2 25 AP A F ). —J710, AT RETR 24A) 1
R A B8 CRRFEFNREE EPAT VR, 1523045 Bk B ZR, 7 — 7 T8
X EWIER, FMIETFHNE AR 5 B, 8T i@ o, IRATEREEA
TR NIRRT, FRAE AR RIS, FENBIE 21 % 4 2138 Rk 5.
T SEARRACIBHE  SURLETE SUESTh T H A EER A [149], ZRTIR
Z TARH E AT T T SeRinlil, 4Rt fi I SCARBE LR R SR S B A) - Hp Sk
H1E & HL ) [83]. 7E Dong and Lapata [43]8 TAEH, A4 145 A Tl AL BE 1) 77 =X,
S A5 5 UL A D7 V0 SR AR IR0 ok, FH T SEAR SR ) 7 >R B4 7 i 1) i) R
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(A SEARLEE R LA IR 2 1R, AT SRR SR A A ID SkRRoR
SEAR. Wl Texas £2K A State0. {E Jia and Liang [68]/) TAEH, A1 H &
PLESR e T2 W A FH M E 6] (Copying) WLHIRALEESEAR CHBATTIE 52— sfk
WD TEARFEN SR, AT ARSI PR SR AR AL, R S T SE 56
LB T I A S A AL PR LA

5.3.2 S

FEMRRAI AR, 28— S8R 7 X, JATEL I 2 50k 218 Bt B )
B Y:
Y* = argmaxP(Y|X) (5.10)
Y

Heh P(Y|X) Bt SE 2R G TR R, ERERRx, AT 7 HEE R
(beam search). FATATAMEMEIAEFF Y 15 2AH N )5 SCE A2 iR aA .

5.3.3 TERERSHIMANLRFZMH

FEMRRS I e, AR —DaE. B8, SIESaEZ A2 E R IR
PRy, WUl N — s ES 44 s L7 B E RN, L)
SERTRI), AT LURH AR A AR SR AR RIS LA R AR IEAT ik . L&A TARIEM
TANERIE LAV A AT DL SR 5815 AT . Krishnamurthy et al. [83]F1 Iyyer
et al. [67]#8H KA A H KA R JEFIR AT T (token); Liang et al. [90]F]H —
A Lisp AR AITIE U BRBURAE UETEIIFT S (token) o FEAZE FRATH A H A
ERIE LA RS, BARR), BATEE T — M 88, s8R S a4 sm3)
TERFA, Ftiis B, SRR 0T M AR LY SR A IS LR ARkt sh R
AT PR, S AR R S R e .

ALEAREZM  ARNELWRFAE R T IRIEAE BN BT 1 AT LA R — AN I 1) T
W, X RiE U — e iEl R, W B e, than, BAEmR— NI nsh
£, ZAHDIE NN AFRRT SEAERZSE, B559%, fER N ASiERRE
AMERE = IMERRIET T IXFL AN, ERWNSECT AR, 235
AR EAE R, ARFAIE X EIREER . XA B2 R R A e ok 1), FEH 2
A FRATFE R 28 i 2 T 2% 0 SR E AR f VR 2 R 2 A

BYAREH 1B LARKMEA TR B SR G R AR R B AR AE
B8 (schema) WL, BARK), FRATER 7 KIEXARFMF, —R2ERBEAR
(selectional preference) , IXF2) A2 0 PR AR A 105 LR IO AN S50 (T
RO R B ARG HHR R AR BRAE S (schema) HHRBMIZI0., thin, 7£
Geo #HEAET, ¥ next_to (KFR: #EHD MMM ASHHKIIERZ state
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A]F: Which states border Texas?

BB E: type
A > Gate

Structure Semantic | Arg Validity
add_variable A

Generated

] add_type state A

Actions .
add_entity texas:st
add_type city texas:st

Candidate | add_edge loc A, texas:st

Next add_edge next_to A A

N\ X X X

Action add_edge next_to A, texas:st

K 5.5: LA R A AR e R SR B

Do 5.5, MERNTIABIEREIESNE RS ZASMEERE T IXFLRHN, H
Tl loc (RFR: 1T BIWNSET SRR L2 city Gl ) A
state (FJll: D, WHlFH, F—ASEGHE CEET A A FEEE state
A MDD, TS AN ECT R IR A texas:st) FIRAME state (FEHl:
D, XEUEE TIEFAR. 5 RARE TGN RA R FA, XML R ZA R
WEREANT AL (TR AR ST s, WAl DU SR fD BRI MR, thinii —A
TR PRBARFR 2 city CGEAl: W M ostate CGEall: M. El559, fE
RNEANIMERHRIESNER S —DIMEEY TIXRZAL RN, H T XA ER S
RH AT texas:st MI— AT A (city), MSAAT A texas:st HIRA L2
state (EJl: D T, Xl 171 R RA R FA . 18 LR K2
SIEAE S, AT FRATAT ELAEIR FE o B sh B X R A R %A fEfEdl s, &
ATTRIREASE R 2 T 25 SR b 18 2R 26

5.4 SIE

R, HATPRAAERITBIEE LTS, IS Z AT INEEAT XL, R
ERATH TR A R JAE =D JF s % Lt AT 7 9¢88: Gro. ATtis Al

OVERNIGHT -
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5.4.1 SEENEE

TATTITASE FH B G PR P 22 IR 28 A A v, BRI 4E B2 D 200, Fa )1 H 193 1)
M EAEE 2 100, AiTH SN, & aER R ERR 1% A)EH o 1
IF) 8 TR AT S 43 1) ) B 7 ) JR IR o 1 ) V238 0 1) e 2 4 58 AR S8 43 () )
B BRA @ G E R Sh A P 8 AR o S5 SRR A AN B L Rk iR AT
s E, AR, P R4ERE SRR 100 45454, M4ERE R B 5 e AT e iE R
M2 — A, BREIRATETF RS EdAT 2, B i m E 4L .
%, 1 Geo #EE b, AVRER D 4ERLE 20, 15 3 HI4ERE 2 805 £ ATIS
AL b, AES 4R 10, 5—Ma4ERE 2 90; £ OVERNIGHT H#E4E
s AR J\AS S A N W E . BT S8 IR TE R, IR R H
TINZRI A o) & 55, BAR AN SEER R EXE [-0.1, 0.1] TSRS K.
PATEFLIEARINGR 30 IR, VIERFEIFRRE N 0.1, RIEH—HIE 15 K, F3E
FR—F, RIS S K FFRRUGER o AT TR I 1 I A
A—IRINBATHFFARFT S (<unk>) HATRE, 2R 50 A ERVIH R 2
FKono (EFRRS IR, FRAVEH THEZER (beam search), FEMZRITK/NRITKE
N 5o FATIBIRLZEFET Theano[17] SEILT .

VPR IS, FRATTFr SR FH B0 PRI 5 s 0 S I 0 A A T b v AR AR AN SR, T
Jia and Liang [68] —Ff, RATE Gro #ELEM OveErRNiGHT Hdf4E b, FAEME
W ENAE P A, FRATTIE 5 e 0% 8 0 R FE vh A A5 30 R HEA SRR I B R P
FIWERNIRATH TR 45 5 o X BLIRA T 2 FH BN BIE 77 51 e e 212 R TE 50, A
FH 12 %8 30k U R0 R e R AT 28D

5.4.2 SEWERG5SH

PANVE =AHAR S 5 90T s i — S RGE AT, AT A M RSAE =
AR EHIIIZR /L BRI B AR AR e, BT DU B 45 SR A8 AT EE
. BeAh, A RGAE—NEIEE LR AR SEIR R, AT IR FRAbA T 4T
MR, B REEH 45 R Ak B AT AR 183

X RRATHIRA, FATE =FA R R E, —MRHEIEAR sequence-to-action
PR, A AT AT 20 R & A i ——Seq2Act; 28 Rl N LB vk R & —
—Seq2Act (+C1); 25 =P [F N B iivk 29 o 2 A FITE XL R 26 1) Seq2Act
(+C1+C2)o FRATEAT BE AN LA R, TX 2 RO FAT AL 5 L2
WM RAERT & FNVEL A SFAT R EA BN, R — B L EAFF SR AR
A, FRRIE AR KM B B X fE=ANEER L B EE R RS 1/
K5 2H IR, MR * SR RGRRNIZRGAH L HBINER BT A
S5 RBATAT LUE 2
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GEO | ATIS

Previous Work
Zettlemoyer and Collins [154] | 79.3 -
Zettlemoyer and Collins [152] | 86.1 | 84.6

Kwiatkowksi et al. [85] 88.9 -
Kwiatkowski et al. [86] 88.6 | 82.8
Liang et al. [93]* (+lexicon) | 91.1 | -
Poon [118] - 83.5
Zhao et al. [157] 88.9 | 84.2
Seq2Seq Models

Jia and Liang [68] 85.0 | 76.3

Jia and Liang [68]* (+data) | 89.3 | 83.3
Dong and Lapata [43]: 2Seq | 84.6 | 84.2
Dong and Lapata [43]: 2Tree | 87.1 | 84.6

Our Models

Seq2Act 87.5 | 84.6
Seq2Act (4C1) 88.2 | 85.0
Seq2Act (+C1+4C2) 83.9 | 85.5

#* 5.1: Gro HRAEM Aris R4 EilL R

D) @I (RIS SO SCR N BE R 48 I 28 1L A () R R 2 2 g
PR XS 2 51 1) @ Ry s il e 77, AT 76 (Seq2Act (+C1+C2)) 7 ATis il
LM OVERNIGHT #HESE SIS T 4ai i 45 R, FIRE Geo #dE4 b
WS T SRIFREGAME E TSR BAR, £ Geo #iEsE b, RATEENBA
Seq2Act (+C1+C2) fEAHFIM R E FMF FTIAERLER (88.9 FIHEMZR) W2 mif
1, RV&ETMA RS, —A & Liang et al. [93]*, 12 RS0 A i HAAMIN T XK
W 53— 2 Jia and Liang [68]* , ZRSGfEHEIEEL (data recombination)
7 T ZAEREAT TH 8. £ Atis a4 OverniGHT B4 L, FATE
B 2 AT T 85.5 A 79.0 O\~ IHERIZ) IHERAZ, #2241
IR, ERWAFHBIMIZERE Jia and Liang [68]* 45 R Z4f .

2) M ZHI IR FI-F31 (Seq2Seq) HIRRAY R B Al FH (1) F 4k 8 3Rk 5, 3%
TR IBh B 7 2 gt B A 2. 78 =N EdREE L, FATHEAM RS Seq2Act
P45 R Seq2Seq A ERE LT . 7 GEO HiEE L, Seq2Act MR 87.5, 1M
Seq2Seq P R B UF 45 A2 87.2; 1E ATis FiHE4E, Seq2Act HIHEMIRZ 84.6, 5
Seq2Seq M A UF LS R—FF; £ OVERNIGHT FHE4E L, Seq2Act HIHERHZZ
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Soc. Blo. Bas. Res. Cal. Hou. Pub. Rec. | Avg.
Previous Work
Wang et al. [139] 48.2 419 463 759 744 540 59.0 70.8 | 58.8
Seq2Seq Models
Xiao et al. [144] 80.0 55.6 80.5 80.1 75.0 61.9 75.8 - 72.7
Jia and Liang [68§] 81.4 581 8.2 762 780 714 764 79.6 | 75.8
Jia and Liang [68]* (+data) | 79.6 60.2 87.5 79.5 81.0 725 783 81.0 | 77.5
Our Models
Seq2Act 81.4 604 875 79.8 810 73.0 79.5 815 | 78.0
Seq2Act (+C1) 81.8 60.9 88.0 80.1 81.0 73.5 80.1 82.0 | 78.4
Seq2Act (+C1+C2) 82.1 61.4 88.2 80.7 81.5 74.1 80.7 82.9 | 79.0

# 5.2: OVERNIGHT 4 il 45 51

78.0, T Seq2Seq BLA HE P IS5 R A 77.5. AT NIX AR AN PR H P BIME
P A gt B K28, R AMREE g TE 2 05 B, e (Rl G b A 3245 BTG B B
(X 5 Zettlemoyer and Collins [154]Frfd 3T CCG RN A s 28180

3) ANEL SR RS I T ORAIETE S S5 0 R g e SR kA7 i, A2
IS IR XA R IBIE, XA —RAEE A R =il U T Tt RE . £ =23
£, AHHMAELREZMTI RS Seq2Act (+C1) HLRIFEARTI RS Seq2Act #H
iR

4) B XA FA e — P IR EE SUENTIPERE . E=A RS B, /A
TR Seq2Act (+C1+C2) M RA T T Seq2Act Ml Seq2Act (+C1) HI4S
o TATA IR BN BATH e B L RS A RAIH,  BEVS AL AL H I fi%
ST i i 4 1 X B A AR A B IR L, IR & T e & 45 R R R 1
A REtE

5.4.3 1EHTHR

STEL FRFNSCARALIBHLE]  FERTIHI = T AR 2], TRATSLIL 7 AP sk b BRI, —
2R T B8 (Replacing) BINLE [43]: HESEARE 4 sl S A& 192050 0 B4 1) 1D
F—FRIET R (Copying) WINLE [68]. A T X EL AP SEARLCERALH], FRATTH IR
AT T8 BEASL AL 55 750 R FH PR P SEAR AR BEATL IR BEAT T 0FEE SR, SRie 45 R AanR5. 3[R .
AT LR BIE =N EdEE L, 3T Replacing BISEARAFENLHI LEIET Copying HI
SEAR AR BENLE R AT o AT AKX RN Replacing RAETACERHALHE), fE
A6 RO bR B SEARCH R BB 8L 1T Copying R AFE T INZANRF 11, IFH
T EZRIMY Copying ML, HEIEZ L [68].
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Replacing | Copying
GEO 88.9 88.2
ATis 85.5 84.0
OVERNIGHT 79.0 77.9

5.3 AE=ANERAE L b b SR AL BRAIL A ) 45 SR

Logical Form | Action Sequence
GEO 28.2 18.2
ATIS 28.4 25.8
OVERNIGHT 46.6 33.3

*® 5.4 fE=A RS BV BRI BRI T B

L MR FRIENMINEFT] AT Seq2Seq MR ELILAH AL AL 2
AR A B b 1 2, BAME S E P 219 A bR i)y 81, 385,49 B T
PIE PP IREE  FATRT IR B, h1E 41 EL R MEAL (2 HRA S I ) 2K 22 A
b VEAL R AR RIA S, SEFP AR, = EE% L, KA T 35.5%-.
9.2% A1 28.5%. £ OVERNIGHT ##ifE L, AR 8 NUrHGeit, EEATF
o IXPEERE /T K B A U5 SURENE R RS — T H AR K B B A R R,
HAA RT3 BRE 5575 H i 35 RS Z IR0 55

5.4.4 FEIRSHT

TAER R RG] BT TR AT, ATR A SRR IR R, R
Za B E . RAERS. S BN T USRS, &0 B =570 Ak
) IR R R R O ERA TE AL Tl ) 12 45 Rk 5, AN RN T B e bRic 1
FRREH T o X PRET R R
REIM/ANIERB QAL A ENNRE G G 18R B I i Ak S5
RVFE—MFh, AR AaNEGE AT W, SHEIR “Towa” MK FRA “bor-
ders” #RHILAELE M1 “how many” Z W, 1EWBFIENIZE: “How many states
does Towa border?”. XTiXFhin R, FATAT LASlMHA)FEEBE ik (24, 45]
(R T EEAEA AN WAL S R () 6] 1 e o & LAV E - B ) 1o
LR (Under-Mapping) %1 Dong and Lapata [43]i18 10, (G ATH A H
(1) 25 T3 7 I WL )08 B 4 22 DX 2 AR 2R 50 28 SR SR I 5, 4 v = 0 9%
A IR A FE B ) A E ST, X PR 518 O i 1A L8R 15 IR A B
ERSIES R, M FEELRER A VLA S], HIVLECE RIS oL, R EsE
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Error Types Examples

Sentence: Towa borders how many states? (Formal Form: How many
Un-covered | states does Iowa border?)

Sentence Gold Parse: answer(A, count(B, (const (C, stateid(iowa)),
Structure next_to(C, B), state (B)), A))

Predicted Parse: answer (A, count(B, state(B), A))

Sentence: Please show me first class flights from indianapolis to mem-
phis one way leaving before 10am

Gold Parse: (lambda x (and (flight x) (oneway x) (class_type
Under- x first:cl) (< (departure_time x) 1000:ti) (from x
Mapping indianapolis:ci) (to x memphis:ci)))

Predicted Parse: (lambda x (and (flight x) (oneway x) (<

(departure_time x) 1000:ti) (from x indianapolis:ci) (to x

memphis:ci)))

* 5.5: HIFHAR LA

ZAMET, “first class” BUBRNE T, AR EASEMNF] (class_type x first:cl)
o X EAE M AL as B0 P B AR B WL, 2RO, FRATTRT DA I 5 0 78 o JE 1
HLE [134, 33] SRAL BRIl ] il

5.5 ARENGE

A E (R I ANE: S bR 235 A SR PR A T3 TR R 7838 ST . BT I 18 S
M7 TR T = R 1A B R SCVE RN T SURFAE A 1) 8, AT T —Fb
iy 280 i 155 S AR I ST 7% o 2TV RN R T IR RIS, AAEEA
PR [ 28 R R P 58 Py H0 T B8 J0 o FLARER),  FRATTHEE SO 1) LS ¥ 9 B ARTE &
F)F 7 A0 218 B R S A P 51 BB ) d,  FRATIASE FH A P4 i 8 o 24 A5 R R gt
BRI A G AH B TAR GE3E U 718, 12071548 FHAE SRR R ) 11
T, AN BRSO M8 M6 iE SUENT vk, 251 R BE T 51K 4R
i SCE R, IRt P 2 A SRk iR S VR e S AE B, I R A R R K
o 2B A, [FIRAEMAT RS AR R B RIS S EZ AIPAH BEC R, fE
8 7 (B H M GNERNE LA SFAY, PR THE U I AER . f)a, FRAHE
AR EYREE AT T SR8, SEEG S RARUE T IRATT VAR U . FATHI T VAL
Forp AR 4 AR 7S AT S ORI AN R B ES T RA
IR

A FE A R 7R “Sequence-to-Action: End-to-End Semantic Graph
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Generation for Semantic Parsing” C\#f ACL-2018 xH (K30,






6.1 TIER%L

BEE N TR Rer G, HRE S AAHEAE 2 2] 7 ATTHE 2 10 . IUE B AE
BB EAMES, DB, RENGED M, PSSP 2 A B o 2
G G B e PN T ANLAE B e SR M AERR a8 K, B V)75 2 3 RE 5 B
AR, T HRE T B IIAZ O L —BURAE SUFHT -

B SUARNT & — IS B PR T AR S5 18 U AT 75 25340 5 2RE 5 A T T Ak
WEALTRAE YRR, A TIEERES B T EVUE S, MirEIES 2
— IR AME S, ARNARIES AN Z 0, REBFEEZE, —1
AT LUA 2R, MIRNEEM AR B )ik gitg Bk, f HSkiEF 4
EIANE,  DLAS RIS AR AR RIS B 5 . X AR 1S R 72+
53 N HE

ST R IR, BERUE R T AN HEE X (compositional
semantics) FIFEAIFIBIE X 2% (model-theoretic semantics), X% 7 B BOE X
FEAT IR IEAE, [RIITE U TR T K R BR R : 18 ST 75 B3 AT 45+ TN
s g, BARE), HEE AR E RS Fh &l mEENAE,
A F IR A WG SRR 2 B A G0, S5 T8 il 2 B0l A 5 Bir et B2 1) 8
NERINI S5 o B EIRAE )74 A A RIS SRR 1) 1, SRR 20K 1)
+ HR R B AR R TOGE B B R SERR I (SARFIOR R, IR T s R .

AL NTE SRR BIPR A AZ 080 3+ G5 R TR RS SOV H &, X1 SO BT HOR
JRIFW I o B1%F FIR AN OB 5 AR AE BB R, DL I AEE BRI, A3
SOASE B PTAT FIAR RS . B AR S R BT AR R R S S T

o BEOXHUE ST A iR S0 7 55 FEANIS B TR) R, S T AR L TR T Te 5 ST AR
ST IR, — R TARRERA L, ARV ZRA IR 5T B BN, [
IANCAZE 3], J9 1 43 BIERR R S AR, AETR Y 8 52 S Bk B it T
3 TR VE- T TR R AR, IR T T IR L A O ISRV . T
— PR KB SO TR AT ] i B Y 2 > 3 T 2 TR AR ABLRE PR D 1]
TCHA, FIRIARSEARIE L, SEFRETT AR T WS (5 S A 3 45 RARVE 77
s N2 S 2 RN, ML T Z AT A7, IR 7 B AR L AR
JE 5 SR 22 TR B SRAR R IR BIR 22 S WA, b Fe M T K& B SR
AT B P ] 3 B 95 5 ST R 55 3R R AT SRR, IR 3k 1 R
B MR BEAT IR Mg 7824 3] o SR SE SRIGAIE 1 3RA T i 78 27 1 TR
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AR, @Y TR, WM R AR UG, BARMREIER T
FEIA U A 0] R B AR T

o BERPE UM A TS 5 B ARE LRSS AN SO R, SR T
0] 1 B 5 B SORNT 715 . I A AN — B R A A E AN,
SEH T AN — B AR 1-N BUORDLECAT N-1 BUASDLED, 3 170 S 3
e TP A] T BT NE, 0 R FE T IR M ) ) 1 E T A AR
WA FEE. XANTHNENH R R DM TR RSN FRIEIE, %
A OREE S EA) TR A FE, JFHSH 5 HARE GRS — 3. Al
K7 B SE HIE U, B, MFaEma s, SEdarRES,
BECE TR AT, BRI SRS SO Bt & — AN ) T T i dr, 1521
kIR, BATE SUREIT 73 RECREAT IR, 23T 0 RBLA 55 1E
A5 B R 3 IR AN SO AT 8 73 IRRFAE . SRAR 45 RARIE 1 JATH) T ES
JRAMA RN, B TES, [ SR 4 BERS AT 77 £ 45 F A ILAC Y
GIREE

o BEXHRGUE ST TR T U SURVRS e TR AR ARAF R Bl TR ot
TR R T, SR T b o i 1) 3 1 S A BRIV ST i TR SR
R TR R ITE LR BE ST, DR AL (R S SN RE . L
PRI, FATHTE SCEORF R A7 1015 X, S8 SO Td R VR 1 LR
IR, RIS (s I Bl A Fr AR G A 1 SR R i, R — SR SO T it e ik
AT BN R SIS, FRATTFE A P A7 34 1o 22 o0 4 A R OR S X A i R
HAEMRS R AR, AT LI AR L AR S A NS LA SR AR R A R
B, AT EE SCRAT IO HERR BE . AR LE 2 AT B 108 I v, %07
IFEAMIRSC S B AR AN R A R, B R [ 27 3] b B o ) 1
MIVESE S5 . AHELZ AT 17 5123 5 K538, 1207 348 R SCEPR R R E 3
ZNAE R B g i 7 FURE U6 AR T 2 AV A5 I, [RINHE W] L5 e YIS, 4
R BIE S QA B E 2 HAEAE R R, AT DUR AR L SRORTE LT HROR R mfif
PP AERATE . SRIR A RIS UE 1 AT VR A4 Rtk -

6.2 IT1ERE

T ST AE B 2RE 5 AL B A 3 BRI AL, A IAE SO SR BEXS B 2R
1B 5 AL PR P AR 357 AR B A HEBEVEFS , I Las @, {5 BahiEE . ££7
A F, B SUEST R A B R m N AME, GEWE R TR RIS N, BRI R T
B2 BRI ARG UM BORA T RE IR R, AR SCHEE UM TS 7 —
SE AT FURCR s BV SO BRI I8 FIANHES 384T — BURR & o ASSOW AROKR1E
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SCRERT TARSR M DA = R UM e 8

o FRATTAT LASARER G A A 26 1 1) S )3 SO 7392 B DIE 545 A0 22 3 SCE A X
AT TR A S o 2 TR R SO AT 7 ik AR O kA, AP B R R R
Jr AT R . R BRI  PT R RIS HERA BT F2 R0, il e DR e
SERRRT )T BT o T 1E SB35 AT DA e i) T B Cnsegii e
B, WAF AT SEfiE A Eite, BITE CRORIIMESE, A St iR
FBC (MM AT SR BRI O R ULAS, B IR T DL T
] ™ BT AT . BATTAT A BT 5 TR & SRS R 5505, FLRENS [
A FH PSR AR 5 o

o HETBRAMPHER K AT REEREE TR A, A2 xKANITE, &2
N USSR A SCHE AN SCA B, R SR BRAT T T L2230 BN &R 2% B V%
(7 I il o N VERE AR, ) P e e ) 2 A5 7R A K B 1 sl BB ) S A
AR T EE NIk,

o BEXHE SO BT A T2 AR R E SRR EAT PR I ZRiE R ™ A (R L, — T
T, FATAT P2l 3 1) -2 R TR BRI 2k, IXE 7 2T i 2
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