T T FTHUEPFERXEEFSERFR
EBRERXERFS (FiaHAiH#INE)

FERUEE M AT

Bl BRK

;17 R {E B AMRSEIS = 1AL E H A X

Chinese Information Processing Laboratory

PERZFREXGHAFRFPSCAS

Institute of Software, Chinese Academy of Sciences

E#TPDF: http://www.icip.org.cn/zh/zh _resource/
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: /\\\-LIZI = EEE:I%E:

TR IERERNES BAINERZ—

;
= RN OZ2NNN T EVEGEEB A

|
"Can machines think?" # Q
B

Q: Please write me a sonnet on the subject of the Forth Bridge.
A: Count me out on this one. | never could write poetry.

Q: Add 34957 to 70764.

A: (Pause about 30 seconds and then give as answer) 105621.

AR — -

/\\\lI:I E



A8 o i e A L ReHIEM

A IEARFITEEFEIHER. =EXERLEMichael
. Jordan: " WIR{FE10{ZEE, (REATE?

Michael I. Jordan: ;E,EA}EHJ_1O1ZE$LJE—/I\
NASAZ BRI B AE S IBEARINE.

-- {AMA: Michael | Jordan}



https://www.reddit.com/r/MachineLearning/comments/2fxi6v/ama_michael_i_jordan/
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1E N BT (Semantic Parsing)

m ll:l M%L'F*FI'

: gj{ln =P
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AEE
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15 MARTIES ENX

 FERESUFERAITETAREAY. A8, =2
BN RS, Wlambda-Fixz{. SQL. 1%)4“7

[m¥ 50 B L AR M ?

JE

@ N

lambda-FRIET: Ax. T () A BAEMCEE L,
SQL: SELECT i FROM .':I:'.Eiﬂ_’, WHERE AZ=EEEL:
AE: EE (R0 mES )
e
\_ ClEiti> Y

John M. Zelle and Raymond J. Mooney. Learning to parse database queries using inductive logic programming. AAAI-1996.



15 M

HAIE = SEPRIEN

BARIESAE

i5H

5374
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&

-

5l 9F5ENRAE
—SKXNFAEER TR, Fow M=
HNEIRBESEUH.

ig¥ . AFRENERHAER
—SKXTNFAJBER TR, Fn—HHa 8
HIRTS

8% OFHNEENESH
—: GFFPIREE, BHRIBIE,
B EIE

ik EIERYER, LUKIASIEZERIKER
- . "B FHER, 5 'S BX
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BT NREEIRE

EEEIEN

B fAetRiE (SRL)

FTEIENX

XTI A7 FEMBER? (+ARHER?

Vasin Punyakanok, Peter Koomen, Dan Roth, and Wen-tau Yih.
Generalized inference with multiple semantic role labeling systems. CoNLL- 2005.



15X NREEIRE

IE=21ENX

HESRIE X it (Frame-SP)

STEIENX
—MEFIR— MR (1555)
‘%5 A
/NI T 200TT VIV BRSE T — 81725 528 AR
SEH . /N
I EATE
K ¥ : 20070 j

Dipanjan Das, Desai Chen, André F. T. Martins, Nathan Schneider, and Noah A. Smith. Frame-semantic parsing. CL-2014.



15X NREEIRE

IE=21ENX

iIg X &t (SP)

FFEER, FERTERNENX

/NIRRT S 2N RIEETS

Raymond J. Mooney. Learning for Semantic Parsing. CICLing-2007.



B TS 8

 ESRECERIES (language to query)

FEREPETRAZEMPL? = x. K7 &) A B TRX) AT AER)

Efn

FIR KHY &
5 =a =
JEX ) JE=
Ehn BT b=
PRIX BT =L
16E 5= JE=
B{e: BT b=

Yuk Wah Wong and Raymond J. Mooney.
Learning Synchronous Grammars for Semantic Parsing with Lambda Calculus. ACL-2007.

3 CHB




B TS 8

1E52ITAE (language to code)

4 ANL

Adds a scalar to this vector in place.

L e

)lic void add (final double arg@) {

for (int = 0; locB <

vecElements[loc®] += arg®;

Srinivasan lyer, Yannis Konstas, Alvin Cheung, Luke Zettlemoyer.
Mapping Language to Code in Programmatic Context. EMNLP-2018.



B TS 8

« 1E52I288(FIES  (language to instruction)

“The man in the yellow hat moves to the left of the woman in blue.”
BEFORE AFTER

»

1 2 3 1 2 3

move(hasHat(yellow), leftOf(hasShirt(blue)))

Kelvin Guu, Panupong Pasupat, Evan Zheran Liu, Percy Liang.
From language to programs: bridging reinforcement learning and maximum marginal likelihood. ACL-2017.
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arhetoric

» RRIRIS-HSIENERT
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FIEEL MIFI I

- IBTERA M FISREENE

PSR IERRNE MR
- IR S R IRITIE

= WEFIFE
-BN: <87, BXE W
- BtF: BABGAREI: p(EXFFEP)

= SBIREFEITE
BE>, <AF, &Rk, [EH>N

- Bfr: SRRBFUAMELT, 1BXERTEM

N Fraia—1
B e

Input: What states border Texas?
Output: Ax.state (x) A borders (x,texas)

Input: What is the largest state?
Output: argmax (Ax.state(x), Ax.size(x))

Input: What states border the largest
state?

OQutput: Ax.state(x) A borders(x,
argmax (Ay.state(y), Ay.size(y)))

<

Example Learned Lexical Entries

Words Category

states N : Ax.state(x)

major N/N : Ag.Ax.major(x) Ag(x)
population N : Ax.population(x)

cities N : Ax.city(x)

river N : Ax.river(x)

What is the largest state that borders Texas?

New Mexico

argmaz(Ax.state(z)
. — =3 New Mezico
A border(z, TX), \y.size(y))
argmaz(A\x.river(z
g . ( ( ) " - —> Rio Gra,n,dpx
Nin(z, TX), \y.size(y))
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=8

EntityFunction:Song

/\ Song - Tag Song : 1.0 /

N\ g/
AttributePredicate:tag EntityFunction:Song Tag 2 Ifl%’fT- 1.2
Song = FXHH: 1.2

AT X

EntityFunction:Song

/\ Song > Name Song : 0.2

AttributePredicate:name EntityFunction:Song

PATEX Gii

Name = #1798 0.3
Song > H: 1.2




IEXRR: 1B BRI

SRS | AR | BERE | ooeqomar/ |POTAREA
Geo 1996 880 Single 1A
Jobs 2001 640 Single A
ATIS 2005 5418 Single 7
Webquestions 2013 5800 Open i
Free917 2013 917 Open A
Wikitable 2015 22033 Open FFI
Overnight 2015 13682 Multi FFhY
Graphquestions 2016 5166 Open FFH
Spider 2018 10181 Open FFH




HARR . BXETTES

= Sempre (https://github.com/percyliang/sempre)
— Stanford, Percy Liang’ s group
- Java
- DCS, WikiTable

s Cornell SPF (https://github.com/lil-lab/spf)
— Cornell University and University of Washington
- Yoav Artzi, Luke Zettlemoyer, Tom Kwiatkowski, Kenton Lee

— Java
- CCG

= AllenNLP (https://github.com/allenai/allennlp)
— Allen Al group
— Pytorch
- Neural



https://github.com/percyliang/sempre
https://github.com/lil-lab/spf
https://github.com/allenai/allennlp
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=TRNIENE M TS A

= STUDENTZ%: [Bobrow, 1964]: EFHINAILMERECKEE
= RS EXAEHR E25%/88EE. 1H8zURE

public < > = <

> = < > < >;

> = ($TF | %) ;

> = [ X7 BB1] (= | 1niEss | 5#8) {devicel};
>= (5|8 &) *;

> = [IfF|0B];




15X DR ERTE

L Rule-based Models J

[ Statistical Models ]
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E TSN XL A

R FITERKE, FEEERNGE

= (URIEGE: BETRE-BEGERNE T
- CCGFIDCS

— fMEE: RER (lexicon) . BEYGE (grammar) | HEERIERY

Type.cityPlaceOfBirth.Barack Obama

Gram mar\

PlaceOfBirth.Barack Obama

J AN

Type.City Barack Obama PlaceOfBlrth
R
Lexicon Lex!con Lex!con Xig: TS,
Which city was barack obama born in?

Jonathan Berant, Andrew Chou, Roy Frostig, Percy Liang.
Semantic parsing on Freebase from question-answer pairs. EMNLP-2013.
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TS Y EIE TS

» BEG|RR KHEFBFRIREE (FreebaseE) HIHIA

n 1B N RITARHR/9TE X B /A kAT ARE IKIESH (dependency)
s HRAIUE: R (template)

- ANEEIRRIF Y58 N DI

- FEBENAENE

- AN A BERIRERZAR

” >
(ERLAIHER Y AUEE HAETEHRE? AR
EVE =

Siva Reddy, Mirella Lapata, Mark Steedman. Large-scale Semantic Parsing without Question-Answer Pairs. TACL-2014.
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BT R P B T 15

» BESIRA MEMNEE (155 2Seq2SeqiRE) EEAIESL
IS LN AN EYSAIRTD

s BIBIERIATFEAIE
o BN AERERRIAE RS BZERIATUFYRVEIRIIE (Seq2Seq)
[*ﬁ:m@wmﬁxﬁam!}

BHIEREALR, LU
RSHREZERYEXE

Attention Layer

N

what microsoft jobs answer(J,(compa

do notrequirea —»A4| —» A3 —> ny(J, microsoft),
bscs? < Z ob(J),not((req de
" g(J,'bscs))))
Input Sequence Sequence/Tree  Logical
Utterance Encoder Decoder Form

Li Dong, Mirella Lapata. Language to Logical Form with Neural Attention. ACL-2016.
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< REMARE: EVFERHRITEE L ¥ Ik

« KEHEE:
-ETANRYGE (60s-90s)
-ET5#1T8975% (90s-10s)
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HETE MAIENEN

= Principle of compositionality [Frege, 1965]

— the meaning of a complex expression is determined by the
meanings of its constituent expressions and the rules used to
combine them.

- SRR B R T RSB R BRI
INRE



HETE MAIENEN

= Principle of compositionality [Frege, 1965]

— the meaning of a complex expression is determined by the
meanings of its constituent expressions and the rules used to
combine them.

- %m—’?ﬁﬁ:‘cﬁﬁ’] SXHEFRIATRE AR S AMEE SHIARNIE
IRTE



AEEH: REMBEEIOE

RERENHIERPRIEZTA?

SERS b

Y §1 . E :l %1: 1:
InputTrigger |  Output Catego ry
constant 5 NP:c

arity one predicate p N Ax.p(x) = ‘E ‘E >“ o

arity one predicate p S\NP : Mx.p(x) .\.L.ln 1“ e

arity two predicate p (S NP/ NP - b hy.ply, X)

arity two predicate p (SVYNP)/ NP : Ax.Ay.p(x, y)

arity one predicate p N /N hg.hx.p(x) » g(x)

arity two predicate p and .

constant A N /N :Ag.hx.plx, c) » glx)

rity two pr ( X) A

ity one

. ab e . F:‘E—|_1 >
pred:BREE |value: B | [type:E{F
ari function NP /N :Ag. fmin(g(x), hx.f(x))
arity one funct jon f S/NP A fi(x)

IBXHS: @

A x ISA(x, EERERSaNIE) A BRBE(x, BEIX)

RS 144]

HEA




KRB RIBEFIEESNA

= jaJBH 175 IEENY
- TR EAAE SR AEE RS TF | Placeombinh
- BEXHESHNEARERETT A >ong
= CapitalOf
u gﬂéi;ﬁ EntityFunction:Song
- FINBN BT AR R EARIE L #TT T
_ Qﬂml.:.){EZNEJH\UEPE’\JcombInIng rU|e AttributePredicate:tag EntityFunction:Song

. REHHE v .
— CCG: Combinatory Category Grammar, H&3el530%
[Zettlemoyer & Collins, 2005]
— DCS: Dependency-Compositional Semantics, {IKFHGIENIE

[Liang et al., 2011]



B FCCGRUIE N F



T CCGHIE M AFHT

= CCG (Combinatory Categorial Grammar), HACL
2B Pk FhICIR1SE SteedmanFBIREH

— Steedman, M. (1996). Surface Structure and Interpretation.
The MIT Press.

— Steedman, M. (2000). The Syntactic Process. The MIT Press.

« BHIEFALEDR, GE

Collins(05) M AFIEN
— A LAY R B FI<EE B st

= OB

— ) Bh :

-HEX%: CCGHE
-BFIEN: &

&

i Zettlemoyer &

G

JCCG Category>(kFxrnaiENX
HF(combinators)

JlambdaFRxr TR~ FEN

Luke Zettlemoyer and Michael Collins.

Learning to Map Sentences to Logical Form: Structured Classification with Probabilistic Categorial Grammars. UAI-2015.



CCG-iEVYFE: Lambda®E:ixz

s FATREEN. BRENAFIEFR—F R RS
= FBEConstants/Z=Var
- SOk, 8. TE
— New York, 12, 4t=, ...
= 1518/Predicate
— ProvinceOf, ISA...
o IBHBIERRT
- 578V AER).EE ()
= =17
-3, V
= ZIMIYRREYL
— Count, argmayx, average, ...



LambdaZRiA .z =—1FIF

» SLFEBHNEEHLE?
- X B0 () AEBAER, X)

» SIEFRESNEBEZ /DN
— count(x, B0 (x) ATBSBALR, X))

» EBEZEEUTAMS?
- M) ARITF(x, ZE)

» BESREESNEMENNE5D?
- BB (X) A ST (argmax(y, ZZHB(Y), iBI&(Y)), X)



CCG-1a/84

= Lexicon: {a1EZ;Cls (category) HYBRSY (EEERIFTEZTAER

MIEXER)
S~ SelE (category)
= TS BV
Texas NP texas
borders (S\NP)/NP Ax.Ay.border(y, x)
Kansas NP kansas
Kansas city NP kansas_city_mo

HrS, NPECCCEEMERER (IXBN)
- SR NTENGF

- NPRR—1NEER1T

- NSRRI EERE

(S\NP)/NPR—FE 52
- ARAslash()FRAMEILIERZ—1SE ( NP) |, ERZEEEIEMRISEEL ( S\NP)
- ERAIslash(VRFEMATLER—1M2E ( NP) |, ZRZEHBRIEMRISRE (S)



CCG-IEER

 HEE
— Application combinators
— Composition combinators (B)
— Type-raising combinators (T)
— Substitution combinators (S)

— Coordination combinators (®)




CCG-1E#EZE-Application Combinators
|

» NRERS (RIEFER)
-ETFREWINA, WMfx) =x+1, fRQ)=2+1
A/B:f B:g = A:f(g) 6
B:g AB:f = A:f(g) ©

Utah borders A%l Idaho &

NP (S\NP)/NP NP
utah | Ax.\y.borders(y, ) || idaho

(S\NP)
\y.borders(y, idaho)

S
borders(utah, idaho)




CCG-1E#EFF-Composition combinators

|

« HEEES (RIFEFER)

- RUTAHESHITEE, BE— 1 HFREERREERREN
UThge, ZRTERERMNFREEIE

-85 "X > BEX): WEARIESRAY S
A/B:f B/C:g = A/C:Xxf(9(z)) (>B)
B\C:g A\B:f = A\C:)Xz.f(9(x)) (<B)

Vi

the latest one way flight from dallas to washington
NP/N N/N N N\N/NP NP N\N/NP NP
Af.arg max(f, AfAr. f(x) Az flight(z) Ay Af )z f(x) dallas Ay Af Az f(x)  washington
Ay.depart_time(y)) Aone_way(z) Afrom(z,y) Ato(x,y)
N g N\N g N\N g
Ax.oneway(x) A flight(z) | AfAx.f(x) A from(z,dallas) Af x.f(z) A to(z, washington)
B
N\N
Az f(x) A from(z,dallas) A to(x, washington)

Ax.one_way(z) N flight(z) A fr;)m(a;, dallas) A to(x, washington)

NP
arg max(Az.one_way(x) A flight(x) A from(z, dallas) A to(x, washington), \y.depart_time(y))




i—

CCG-iE

Sz /A

e

- Type-raising combinators

« FEBUSFLERES (T)  (FUEFD

=)

- FUTSEEENREL, RERITIRERUR THIER T
- FH2: RIS

- Bl RS SE

(FEEXiE T 9SongseZ)

Atg = T/T\A):M.fl9) (>T)
Aig = T\(T/A):M.flg) (<T)
states that border Texas and Idaho
N (N\N)/(S\NP) &5‘ \NP)/NP NP CONJ NP
Az.state(x) Af g x.f(x) Ag(z) Ax.Ay.borders(y,x) teras idaho
T <T
(S\NP)\((S\NP)/NP) (S\NP)\((S\NP)/NP
M. f(texas) Af.f(idaho)
S\NP)\((S\NP)/NP B
(A}. f (ff)'z\*agj >\ f (-.r_'.)d/a.ho))
(S\NP)
Ay.borders(y, texas) A borders(y,idaho)
>
(N\N) ‘
Ag.Azx.borders(x, texas) A border(xz, idaho) A g(x)
N
Az.state(x) A borders(x, texas) A border(x, idaho)




=T CCGRYMETHIF

What states border Texas

S/ (S\NP) /N N (S\NP) /NP NP
Af.Ag.Ax.f(x)Ag(x) Ax.state(x) Ax.Ay.borders (y, x) texas

S/ (S\NP) S\NP
Ag.Ax.state (x) Ag (x) Ay .borders(y, texas)

S
Ax.state(x) A borders (x, texas)



=T CCGRYMETHIF

What states border Texas

S/ (S\NP) /N N (S\NP) /NP NP
Af . Ag.Ax.f(x)Ag(x) Ax.state (x) Ax.Ay.borders(y, x) texas

4 il h

what: S/ (S\NP) /N:Af.Ag.Ax. f (x) Ag (x)

states: N:Ax.state (x) ZEEUFC

border: (S\NP) /NP:Ax.Ay.borders(y,x) —mBiahasiC
Qexas: NP: texas SN NI /




What

CCGRYfEMTI

states

S/ (S\NP) /N
Af.Ag.Ax.f(x)Ag(x)

Ax.state (x)

S/ (S\NP)
Ag.Ax.state (x) Ag (x)

border Texas
(S\NP) /NP NP
Ax.Ay.borders (y, x) texas

Ay .borders (y, texas)

-

o

e X/Y : £

(S\NP) /NP

Ax.Ay.borders (y, x)

En[Evasz)Es

Ay .borders(y, texas)

~

/




ETFCCGRYRMTHF

What states border Texas

S/ (S\NP) /N N (S\NP) /NP NP
Af . Ag.Ax.f(x)Ag(x) Ax.state (x) Ax.Ay.borders(y, x) texas

S -(S\NP) S\NP
Ag.Ax. s/iE%x) I Ay .borders (y, texas)l
S

Ax.state(x) A borders (x, texas)



RN AE RIS Y

= LexiconE (=)
- —MaiE T LARETRIZ M category

Which rivers run through the states bordering Mississippi?

HepMississippia] BT/ state: Mississippi, or river: Mississippi
- FI9ERYAHR, IRBTNERYIRES, (E—RRERI LA ZEE—Ccategory

- HAE (TR
- GIESTMASIIRIA, (BAEALERIERNlambda-FAz,

What state border Texas
S/(S\NP)/N N (S\NP)/NP NP
Af Ag.Ax. f(x) Ag(x)  Ax state(x) Ax. Ay.border(y, x) texas
S/(S\NP) >
Ag.Ax.state(x) A g(x)
>B
S/NP

Ay. Ax.state(x) A border(x,y)

S
* EAMISIRIBSM—FPEEITIE Ax.state(x) A border(x,texas)



PCCG: {HitE— Mambda-FRA AR

- 000000

« WESHHER: SHATF, Lhlambda-Eik=, THERTHOILE,
ggnﬁ;%jﬁéﬁ f(L, T, S)MZARATHORMEREL, — NMIFHARIT AL

P(L1S;0)= ETP(L,TIS;G)

f(L,T,S)-0

E: ol (L.T.5)6
(L.T)

Heh P(L.T15:0) =

» EEENFIE:
— {FEARNEC
- FRNASIGE

« SEFY:
- EFEFI<S, L>X9
- AR



PCCG+

« WEES—MERITE, RIS EREREITHEMAF] D

EntityFunction:Song

T

AttributePredicate:tag EntityFunction:Song

AT X

EntityFunction:Song

T

AttributePredicate:name EntityFunction:Song

mATER Gii

Song - Tag Song : 1.0
Tag 2> 17 1.2

Song = FXHH: 1.2

29: 34

Song - Name Song : 0.2
Name = {73k 0.3
Song > HH: 1.2

249: 1.7



CCGHI%ERE

s 20EE . GEOFQJobs

Geo 880 Jobs 640

Precision Recall Precision Recall

Our Method | 96.25 | 7929 | 97.36 | 79.29

COCKTAIL 89.92 79.40 93.25 79.84




CCGRYY ITAE (1) : #sBAICCGIGE

o [ CCGRYSGAT T, (E5EAtiiess, SalRammM
BRI AR R, SEAXERFELL, SERAIINR.

The lexical entries that work for:

Show me the latest flight from Boston to Prague on Friday
S/NP NP/N N N\N N\N N\N

Will not parse:

Boston to Prague the latest on Friday
NP N\N NP/N N\N

Luke Zettlemoyer and Michael Collins.
Online Learning of Relaxed CCG Grammars for Parsing to Logical Form. EMNLP-2017.



CCGHIY

T

E (1) @ #astBRCCG

X

= (AR CCGHYSGATT™%, (E5EAHess, SalRammN
BRI AR R, SEAERFELL, SEBATINR.

= FRR7TE (ERRRICCGIGE
— Add application and composition rules that relax word order
— Add type shifting rules to recover missing words

Luke Zettlemoyer and Michael Collins.

Online Learning of Relaxed CCG Grammars for Parsing to Logical Form. EMNLP-2017.



aatBAICCG

= Relaxed Application (FiFEFRIZ()

X/Y f Y a => X f(a)
Y a X\Y f => X f(a)
X\Y f Y a => X f(a)
Y a X/Y f => X f(a)
flights one way
N N/N
Ax.flight (x) Af.Ax.f(x) None way(x)
N

Ax.flight (x) Aone way (x)



aatBAICCG

= Relaxed Composition (S EIENRIESEEE)

X/Y : £ Y/Z : g => X/7Z : Ax.f(g(x))

Y\Z : g X\y : £ => X\Z : Ax.f(g(x))
X\Y : £ Y/Z : g => X/Z : AMx.f(g(x))
Y\Z : g X/Y : £ => X\Z : Ax.f(g(x))
to Prague the latest flight
N\N NP/N N
Af.Ax. f(x) Ato(x,PRG) Af.argmax(Ax.f(x) ,Ax.time (x)) Ax.flight(x)
NP\N

Af.argmax (Ax.f(x) Ato(x,PRG) , Ax.time (x))

N
argmax (Ax.flight(x)Ato(x,PRG), Ax.time(x))



aatBAICCG

= Type-shifting (SCIFEHEK)

* NP : ¢ => N\N : Af.Ax.f(x) A p(x,cC)

flights Boston to Prague
N NP N\N
Ax.flight (x) BOS Af.Ax.f(x) Ato(x,PRG)
N\N

Af.Ax.f(x) Afrom(x,BOS)

N
Ax.flight (x) Afrom(x,BOS)

N
Ax.flight (x) Afrom(x,BOS) Ato(x,PRG)



BRI CCGRIRIER

ATISEIHEER Precision Recall Fl
Single-Pass 90.61 81.92 86.05
Two-Pass 85.75 84.60 85.16
GEOZiiES: Precision Recall Fl

Single-Pass 95.49 83.20 88.93
Two-Pass 91.63 86.07 88.76
Zettlemoyer & Collins 2005 96.25 79.29 86.95
Wong & Money 2007 93.72 80.00 86.31

5ZCO5#HLk, ZCO7TRIRMIERAXIRF, HIf==HE T



BRI CCGRIRIER

ATB%HE% Precision Recall Fl
Single-Pass 90.61 81.92 86.05
Two-Pass 85.75 84.60 85.16
GEO%HE% Precision Fl

Single-Pass

Recall

Two-Pass

Zettlemoyer & Collins 2005

96.25

79.29

86.95

Wong & Money 2007

93.72

80.00

86.31

Two-pass5Single-PasstfLt,

Two-Pass: 2jsingle-PassJtiZ:
fERTEY, foiFfEsecond-
passHiskipialth  CINA& i)

o /

EEFGR=ELHA, HiRRTRE



CCGRYY RTAE (2) : AFIEL

« (AR JAEECCG parsinghEXEFE, MAHEER, EUAFES

= WE: —MEERLABRBTZIZANSEE, — SN RS NMAEILT
/\5

(1) flighttN:Ax.flight(x)
(2) flight=N/(S|NP):AfAx.flight(x) A f(x)
(3) flight - N\N: A fAx.flight(x) A f(x)
(4) fare N:Ax.cost(x)
(5) fare-N/(S|NP):AfAx.cost(x) A f(x)
(6) faretN\N:AfAx.cost(x) A f(x)
(7) Bostont NP:bos
(8) Bostont N\N:A fAx.from(x,bos) N f(x)
(9) New Yorkt NP :nyc
(10) New Yorkl N\N:A fAx.from(x,nyc) A f(x)

Tom Kwiatkowski, Luke Zettlemoyer, Sharon Goldwater, and Mark Steedman.
Lexical generalization in ccg grammar induction for semantic parsing. EMNLP-2011.



CCGRYY RTAE (2) : AFIEL

» (AR JAJBRTECCG parsingFEXEE, MiAEEREIULFES

= W —NERIETLBRFEIZNRE, — SN EZMELT
/\E

(1) flight+ N:Ax.flight(x)
(2) flight-N/(S|NP): A fAx. flight(x) A f(x)

n Tj_f : ?’ﬂﬁﬁlﬂ: (3) flight - N\N: A fAx. flight(x) A f(x)

(4) fareN:Ax.cost(x)

- Lexeme: ﬂ ig ht: [ﬂ ig ht] (5) fare-N/(S|NP):AfAx.cost(x) A f(x)
. . (6) fare=N\N:AfAx.cost(x)A f(x
— Lexical template: flight (7) Boston iy I
. (8) Bostont N\N:AfAx. from(x,bos) A f(x)
)\(w,V)[(L”_N . )\XV1 (X)] (9) New Yorktk NP:nyc

}\(w,V) [w - N/(Sl N P))\ f )\XV’I (X) A f(X)] (10) New Yorkt N\N: & fAx.from(x,nyc) A f(x)

Tom Kwiatkowski, Luke Zettlemoyer, Sharon Goldwater, and Mark Steedman.
Lexical generalization in ccg grammar induction for semantic parsing. EMNLP-2011.
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DCS (Dependency-based compositional semantics)
- —

= HPercy LiangF20115HREH (IFLeX(NX—1I(F) . BT
201 3EFETEULER FIRHA —DCS, FEFREENTIE.

- DCSE—MENFTHR, RO TNITINEYETAEN
A E

= 5CCGH, ETHEENAIEAE, KT iRMEAE S

Percy Liang, Michael I. Jordan, Dan Klein. Learning dependency-based compositional semantics. ACL-2011.



DCSHYS R

- —
- BRENIE: FESlambda-FIANEEEMNINE RN
« [@iE: Slambda-FiksUiELL, DCSHIEREMEE

= SS3iEH (RESBEAIESRURIEH



DCSHY R—3R7~BE /38

« 7~5: &i7 (some, every, one, etc.) FEigAIRR

Some river traverses every city

Quantification (narrow) Quantification (wide)
X192 X21

traverse traverse

Some (river) traverses every city Some (river traverses every city)



DCSHYEF= ETpE
-

Utterance: “people who have lived in Seattle”
Logical form (lambda calculus): Ax.de.PlacesLived(x,e) A Location(e, Seattle)

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



DCSHY%ERA

Linguistics

syntactic locality

SHiE (SE

RIE = HIEETR)

1 1
1/ \‘2
2 1
I |

1
|

1 1 1
Giin) [
2 2
I
1

1

|
1

Trees

oooooooooooooo

Computation

efficient interpretation



DCS-iENX

» E518 —PMEBENEFIENEFESHIENARNMBENES
- WERE - {LWFRsE} (UFR)
- PlaceOfBirth > {<E=, WW&E>, <E=H, W&Ek>, <BEE, EE>,.)
- Profession> {(<E&, {Fx>, <FIFE, B>, <BE, BEZx>)
— PlaceOfBirth.lu&%R~> (=, &1, ..} (LHELEYS)
— PlaceOfBirth.lUZ » Professionf{Ezx = {(BE=...) (ILEEERIE=R)

Type.City N PeopleBornHere.BarackObama

R

what  Type.CityTown  was PeopleBornHere.BarackObama ?
oi
Alignment
city BarackObama  PeopleBornHere
Alignment Alignment

Obama born



DCS-iq)84

= Unary case (u): EiIENAELRES
- 3CfK: "Texas" - texas {texas}
- 2KRU:  “state” > state {{HZUM|. BT

. EPHPEEEI.. )

= Binary case (b): HIEN AFEXANTTHES
_:T_Uii%ﬂ (predicate) : “born” - PlaceOfBirth {<E5F, %>,
<&, WE&R>, <EE, £E>, ..}



DCS-AEMNE-SEEHIEG ZENEGTIER

= Join (é’#) PlaceOfBirth.Seattle
) . _——_ Join
— binary (Join) unary - unary PlaceOfBirth  Seattle

— unary (Join) binary - unary e i i Sea|tt,e

- AR HE > HEWUR

—{lLE} (Join) {<EBF, WE&Ek>, <FiHE, WE>,
<EE, FE>, ..} 2 ES FHE, .}

= Intersection (3Z£E)
— unary (Intersection) unary - unary

- MATERF > 1T AND H3F

u UniOI‘I (#;Eg) Profession.Scientist N PlaceOfBirth.Seattle
. Intersection
— unary (Union) unary - unary mnh.Seanle
T
— EZIS{QEJZJXU?%L@ > JEIZE{@ OR JXU?%i'l_b ProfessioT.Scientist Place(}fBirth Sealttle
— scientists people born in Seattle
= SFEREL

— Count (11#%): Count unary - unary
— argmax, argmin, max, minZg
- BRZNMERVERER 208 > Count(AZRNMEHISRER)



DCS-f#4T 5+

Type.cityMPlaceOfBirth.Barack Obama

Grammar\ntersection

PlaceOfBirth.Barack Obama

/Grammkloin

Type.City Barack Obama PlaceOfBirth
Lexicon Lexicon Lexicon
Which city was barack obama born in?
unary unary binary

Jonathan Berant, Andrew Chou, Roy Frostig, Percy Liang.
Semantic parsing on Freebase from question-answer pairs. EMNLP-2013.
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MBREEEIF UL KAl

IAHEBEERE

A SUTTY

I

BRI
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BT FTFS
- AENEEEAR: ETERBER IR AR

=

Canada.Currency

N

Currency Canada

Currency Canada

| | ? |

What is the currency of Canada? Which money is used in Canada?




EY BTFEINRIESE

Alignment: match phrases and predicates

=« {FRRSCARITHIN(Reference)
_ gzlgﬁn L. jZZISEPEIJ:ﬁQH grew up in[Person,Location]-.. f:%?itrDateOfBiTth
SxMAEE ':F'EI'J TTHEEZ i
NEBRISLAYS, NISCAHF
HIRZR (1EhE) BRETEIADIR
FEFHXR (AEIEN)

Mapping score: 2.0
currency o »@l Currency_used

u 1%%1:3‘ 1??% £ Using alignment between Freebase and texts

- EXNRig: SREIERNENE Vapoing scores 20
ROZBRGSZIFERIANE X T e — g Currenaytied

~ e
N e

Word vector: 0.23 /V - Mapping score: 1.5
Paraphrase alignment: 0.63 ST

PPDB score: 0.92

Using alignment between Freebase and texts, also relatedness among texts

Qingqing Cai and Alexander Yates. Large-scale Semantic Parsing via Schema Matching and Lexicon Extension. ACL-2013.
Bo Chen, Bo An, Le Sun, Xianpei Han. Semi-Supervised Lexicon Learning for Wide-Coverage Semantic Parsing. Coling-2018.



Eir/E5

= HEMIES S5 RIS ILE )RR

s,: What is the population of Berlin?

s,. How many people live in Berlin?

If,: Ax.population (Germany, x)

If2: count (Ax.person (x)Alive (x,Berlin))

MELUE s BRESZI/L,, 15 ARGIE/F,



Sik/ES

. =i iy G
- }EEE : :i%'igyﬁ,i*ﬁ }ii\_'_j: paraphrase model

Sk, SEERIATFANEN } ~
?I *U}Eﬁgiﬂ_ﬁ*ﬁ?g;ﬁu%ﬁ Type,PoliticalPar‘t:_ Founder.HenryClay ... Type.Event_lnj-'ol'-.-'ed.Heur:;Clay
A FSROFERN S~
BEIAKTER Whig Party;

= 5
_ﬁ%ﬁ%g@gggg sentence oy — — — — — — ‘ logical from
R REERNEL curitinga i
=IOtal—= NF=

%ﬁﬂ’\]?ﬁﬂ‘@—ﬁﬂ new sentence

mismatch

Jonathan Berant and Percy Liang. Semantic parsing via paraphrasing. EMNLP-2014.
Bo Chen, Le Sun, Xianpei Han, Bo An. Sentence Rewriting for Semantic Parsing. ACL-2016.



w
L\in.l
L
HY
s
Yk
\Y

= IBMFETELIRE

a+: what is the highest point in florida ?
Lambda-ZFx;: _answer (A, _highest (A, (_place (A), _loc(A,B),
_const (B, _stateid ( florida ) ))))

a+: what are the high points of states surrounding mississippi ?
Lambda-ZFzx=;: _answer (A, ( _high_point (B, A), _loc (A, B), _state
(B), _next_to(B, C), _const (C, _stateid ( mississippi))))

a)+F: what state has the shortest river ?

Lambda-FiX=,: _answer (A, ( _state (A), _loc (B, A), _shortest (B,
_river (B))))



S

Qe

= FIRENEFIPITER (MERRIESR) REEEENFS
- AR N E SR e SRR ER TS

Where did Mozart tupress?
PreceffBirth—WolfgangMozart =—Satzburg
IPlaceD:EDeath.WOlfga_ngMozart = Viennal

PlaceOfMarriage.WolfgangMozart = Vienna

Vienna

Where did Hogarth tupress?
PlaceOfBirth.WilliamHogarth = London
PlaceOfDeath.WilliamHogarth = London|

London

Jonathan Berant, Andrew Chou, Roy Frostig, Percy Liang.
Semantic parsing on Freebase from question-answer pairs. EMNLP-2013.
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» 2O RIB+BEE+FEIETE
» XFIERE: CCG, DCS

- MIREIBIF IS : Bsty 752, Sk/aTE
I

||LIJ||
I

LR
-BETFAHE =) (E= MEIJ FEAE
- BlRHEMHESHN, BENMNETIREI N, IR
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A EE-HEXATE M FTHY )R

» FERERIFIREIENSGE
» BXERTEMRERRARE, TAERMIETRRRIRLR

REFKHIECTFRYVENA?

@ Semantic parsing

Ax ISA(x, BECHRI) A BREE(x, BHIN)

o @ Excute
w

ISACR2, FEARRINIGE) ﬂ TFE

ISA(IITE, BXRRINE)
HRgE(RHE, RHR)

EREE(N &,




T 18 M EIRE M AT

= KIEHG:
- 1B MEERR
- 15X EaE

= EREXEWFABERENERS
- iR 1EXENEESBERAESOFHEHERSRUE

= 1B MM RRHESIGEER/IE X EE
- R AL ERAIREATRALIR, NimBEuE MR E



I

T ARENXE

= 1B XEFLUEMENNREN—FE
Mila Kunis is the actor of Family Guy

*_ 5

» IEXERNEARBRS:
- TR, WNSCiR, e EsE
-1, TRKE

- B{FfF, Wcount, argmaxZF

Freebase

character

Meg Griffin

appear_in

appear_in

character

IgXE

actor Lacey Chabert




URIES A

15 X Et

= DeplLambda [Reddy et al, 2016]: KIFRNELE X EFEHRSGE
s STAGG [Yih, et al., 2015]: S B2 L

= Template [Bast & Haussmann, 2015]: EFEHRANE L EERK



DEPLAMBDA: {k1ZFiZi5 W EltEin

Siva Reddy, Oscar Tackstrom, Michael Collins, Tom Kwiatkowski, Dipanjan Das, Mark Steedman, Mirella Lapata.
Transforming Dependency Structures to Logical Forms for Semantic Parsing. TACL-2016.



DeplLambda

N
= [RIE: (KERS EREERANESRUNEY

= SR
- AIF RN
— {k1FHi>deplambda
— Deplambda—>ungrounded graph
— Ungrounded graph = grounded semantic graph



DepLambdafi#tC IR

Ungrounded
@ lambda-FiXz

Dependency DepLambda Axz.Jyz.name(xy) A name(xg)

Parser [ =
Y ey e ,_@-N e “:"'“.ﬂu‘\ﬁ,..n. any argpn (ze, zg)of(ze, ya)
what ?ﬁ;me}ﬁ%m acquired %\g Acompany(yg ) N acquired(zg)
ANargq (ze, ya) A arga(ze, Pizar)

organization.

Graph Transduction

Ungrounded

Grounded
Semantic graph graph



(1) Dependencies to Logical Forms

= FIRIEREFRAS

root

nsubj Jv dobj

N

Disney acquired Pixar

(nsubj (dobj acquired Pixar) Disney)
Afgz. . Az.Disney(z,)
f(z) Ag(z)N Az Jy. acquired(ze) A Pixar(yq)
argy (ze, q) A arga(ze, Ya)

Agz.dzy.acquired(z.) A Pixar(y,) A g(x) A
arg (ze, o) N argo(ze, Ya)

Az.3xy.acquired(z.) A Pixar(y,) A Disney(z,) A

ungroundedfy
argi (ze: -Ta) A arg?(ze: ya)

lambda-FEix=,




(2)Map Logical Form to Ungrounded Graph

Who directed the Titanic? }

: directed

directed.argl - arg2
T Titanic

#

TARGET(x) A dlrected.argl(e, x) A
directed.arg2(e, Titanic)



(3)Map Ungrounded Graph to Semantic Graph

= Grounding
— SEpRiE) SERRIANTREEPAYSEOR, 40 Titanic > TITANIC
- REIE HHERIRNRERRIRER, Wdirected > film.directed_by

3 Titanic e’ébﬁ, LFITANIC

. ec}'e A
S e
v
- (&

Cameron | m ------- .

— Q

184 a3ep
FSEI[24™|BIFUI W1

CAMERON |  Cdirected Dresee- .

v

< o >
ulpaoalip QJ’ Z81e fforoauip

: 3
b5
® g
B
® 3
)
&
; Y 1997
i
1997 film._directed_by.arg2(m, CAMERON) A
film.directed_by.argl(m, TITANIC) A
directed.argl (e, Cameron) A film.initial_release_date.argl(n, TITANIC) A
directed.arg2(e, Titanic) A directed.in(e, 1997) film.initial_release_date.arg2(n, 1997)

Ungrounded Graph Grounded Graph



STAGG: HEEiEIENE

Wen-tau Yih, Ming-Wei Chang, Xiaodong He, Jianfeng Gao.
Semantic Parsing via Staged Query Graph Generation: Question Answering with Knowledge Base. ACL-2015.



STAGG
N —
= FEADA=E:
— FRIDSEIRGERR
—9&%’%&@@3
AINZIREAT

= TR N BRI
- AR LAERRTFHISN
- BT AR LAR AR AU RS M R =S ]



STAGG

Who first voiced Meg on Family Guy?
Ax.3y. cast(FamilyGuy, y) A actor(y, x) A character(y, MegGriffin)

@ ;'(Meg G riffiD
o o

\

n NG °
Ga mily G qucaSEPGjiactorgb@




STAGG

Who first voiced Meg on Family Guy?
Ax.3y. cast(FamilyGuy, y) A actor(y, x) A character(y, MegGriffin)




STAGG

Who first voiced Meg on Family Guy?
Ax.3y. cast(FamilyGuy, y) A actor(y, x) A character(y, MegGriffin)

e(WCMeg G riffiD
o

core inferential chain




STAGG

Who first voiced Meg on Family Guy?
Ax.3y. cast(FamilyGuy, y) A actor(y, x) A character(y, MegGriffin)

constraints




STAGG: (1) HVOSLIRHER

= Entity linking technology

Who first voiced Meg on Family Guy?




STAGG: (2) X<ZEEPLHD

Who first voiced Meg on Family Guy?
R 6
BB AR M*@*@

exp(cos(Yg, yp))

PRIP) = Yy exp(cos(Vrr, yp))
. yp € RF Yr € R
Deep Convolutional 000 Y Y
Neural Networks \
eeeeee eeeeee

who voiced meg on (e) cast—actor



STAGG: (3) iRINZIsRE(4F

Who first voiced Meg on Family Guy?

Meg Griffin E
cx\a(ac‘e(’o f
Family Guy cast)(y}actor—@é

> M Gri z
-\ Family Guy cast{)/}actor—b@



STAGGHYMERE (WebQuestionsZIEES)
-
= KR BEEER

- HAEEEM, BASRTIRESE

- R RSERISGREITESTE, S EREHIITRAE R, #RROOV I

AT

Method Prec. | Rec. | F;y
(Berant et al., 2013) 48.0 | 41.3 | 35.7
(Bordes et al., 2014b) - - 29.7

(Yao and Van Durme, 2014) - - | 33.0
(Berant and Liang, 2014) 40.5 | 46.6 | 39.9

(Bao et al., 2014) - - | 37.5
(Bordes et al., 2014a) - - 1 39.2
(Yang et al., 2014) - - |[41.3

(Wang et al., 2014) - - 1453
Our approach — STAGG | 52.8 52.5




TEMPLATE: EF=RANENXEIEE

Hannah Bast and ElImar Haussmann. More Accurate Question Answering on Freebase. CIKM-2015.



Template
- —

» ERFEEESREERETMREIR (template)
- AT ARIERCRERE AR o HNER

= ETtemplateRY75 AR LAEIE N EMIZ G /9RIRILECIA)RR, BETS
RKEHLILCE)E

m 9&%@
— IRIRBIENX
— TR ICHD



Template: =RIRAVEN

= 3PMEIREBEWebquestionsiIFreed1 7HURER B XEI D EHIA

Example Candidate

Serabble mnventor @

@ Henry Ford
®

film performance /;?\ film

employment f;ﬂ\ company @

Question

who invented scrabhble?

what company did henry ford work for?

Ellen DeGeneres

character

Finding Nemo what character does ellen play in finding nemo?

VT 7

AR+

#1 —ANER + — NSk PR E B
#2 | KR + —ASEE (SNII—MEESEH) R TR NR?
#3 | SAKER + B OMI—MESE) | SRRt AsE?




Template
- —

= TRIRICED what character does ellen play in finding nemo?
- SRR _— /
Ellen DeGeneres Finding Nemo
ATV EL f&Et%1: <Ellen DeGeneres> <parents> <T>

1EHR2: <Ellen Page> <performance> <M>
<M> <film> <T>

f&EiR3: <Ellen DeGeneres> <performance> <M>
<M> <film> <Finding Nemo>
<M> <character> <T>

- XA

<Ellen DeGeneres> <performance> <M>
<M> <film> <Finding Nemo>
<M> <character> <T>



LLLE

TemplatefJtERE: Webquestions#iES
|

= BAMEEK

- IRIRBESBE AT ORIIARR, & 715 ERENTE

model Precision Recall Avg F1

Berant et al., 2013 0.48 0.413 0.357
Berant and Liang, 2014 0.405 0.466 0.399
Yao and Van Durme, 2014 0.517 0.458 0.330
Wang et al., 2014 0.447 0.525 0.483
Yao, 2015 0.526 0.545 0.443
Template 0.498 0.604 0.494




g ETIE X ERGE T

o 120 ENXERNENXN TS, 1B X ERIME
" Lﬁii'}[%ﬁiﬁz Dependency#%it. Template®&it, 45

» U
- AFERRENHEESGE
- BXENERSaFIKEFERESRIE
- SAREZFERR, IR0 ANRERNRAYZIR

Wi I=
— FF KR T B AR AR MEE N E
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BT R RS HUTE SRR



BT REMESANE XK E =

= ZRIRVREEIRE R, BHRIREE
- EFEHE-AENELDEAFTRESTS, ETEXEGEPRENX EfE

= ATENSHIE

s FREREIEBIENLPEB(ES _LEVE T kI
— ETFencoder-decoderfEZRRIRE 25 EME

Er lebte zu essen .

Softmax E

Decoder E

NULL Er liebte zu essen

He loved fo eat



RRIESE

s Seq2Seq [Dong & Lapata, 2016; Jia & Liang, 2016], Seq2Tree
[Dong & Lapata, 2016]

s Seq2Act [Chen et al., 2018]



SEQ2SEQ AND SEQ2TREE

Li Dong, Mirella Lapata. Language to Logical Form with Neural Attention. ACL-2016.
Robin Jia and Percy Liang. Data recombination for neural semantic parsing. ACL-2016.



Seq2Seq: IEIEXETEMEH | 2aaE &

o BBEERIANFII, BIE—FFtoken, MIEE X RITERILS
Seq2Seqia)iR

Attention Layer
answer(J,(compa

what microsoft jobs R - (' mi ft)
. ny\J, microso 3]
do not require a _G —_’G > ob(J),not((req_de

bscs?

g{J,'bscs")))))
Input Sequence Sequence/Tree  Logical
Utterance Encoder Decoder Form

Li Dong, Mirella Lapata. Language to Logical Form with Neural Attention. ACL-2016.
Robin Jia and Percy Liang. Data recombination for neural semantic parsing. ACL-2016.



Seq2SeqaY[a]RR

= BXETTRBIRNES (1BNFR) BEBEXEN, MSeq2Seqi
BBIENERTREFIL, NMBEE T ERERER

lambda $0 e <n> ‘

and <n> <n>

SR > <n> 1600:ti | | from $0 dallas:ci

‘ departure_time $0

\

R lambda $0 e (and (> (departure_time $0) 1600:ti) (from $0 dallas:ci))




Seq2SeqaY[a]RR

= IBMERTRIERES (1BNERR) BEEREM, mSeq2Seqiz
B{UBIEMNFRRFFRIL, MBS T RREBER

» SHEREEETEEEEE SRR

lambda $0 e <n>

l

and <n> <n>

Bar

7 ™
LS > <n>1600:ti | | from $0 dallas:ci
|
departure_time $0
AR lambda $0 e (and (> (departure_time $0) 1600:ti) (from $0 dallas:ci))

I .

TF dallas to san francisco leaving after 4 in the afternoon please



SeqlTree

s ER{tAdecoder, ANERRBFEANENFRFS, MAEREREX
EIENENZRN (tree)
o FA<n>KRMEMIFRYIERERT

lambda $0 e <n>

I

and <n> <n>

/ \
> <n> 1600:ti from $0 dallas:ci

|

departure_time $0

Li Dong, Mirella Lapata. Language to Logical Form with Neural Attention. ACL-2016.



SeqlTree

» BEIREAYdecoder, AEMBIEUANEN T RFY, MEEMEIR
EHHERNEN TR (tree)
- BRI <n>EFEBIE—BASIE, BRI AT ARIE,

lambda $0 e <n> </s>

departure

; 50 </s>
_time



Seq2Seq/Seq2TreeaSE= TNl

= ERIVHARS THRESE S 7B ENEEANE MR [BRIEAS 35

Te--

ct Yt

Attention
Scores

Encoder Decoder



Seq2SeqfSeq2TreeRIt4EE

JOBS

ATIS

Method Accuracy
COCKTAIL (Tang and Mooney, 2001) 79.4
PRECISE (Popescu et al., 2003) 88.0
ZCO05 (Zettlemoyer and Collins, 2005) 79.3
DCS+L (Liang et al., 2013) 90.7
TISP (Zhao and Huang, 2015) 85.0
SEQ2SEQ 87.1
— attention 77.9
— argument 70.7
SEQ2TREE 90.0
— attention 83.6
Method Accuracy
ZC07 (Zettlemoyer and Collins, 2007) 84.6
UBL (Kwiatkowski et al., 2010) 71.4
FUBL (Kwiatkowski et al., 2011) 82.8
GUSP-FULL (Poon, 2013) 74.8
GUSP++ (Poon, 2013) 83.5
TISP (Zhao and Huang, 2015) 84.2
SEQ2SEQ 84.2
— attention 75.7
— argument 72.3
SEQ2TREE 84.6
— attention 77.5

BREErERIdecoder{ESERIF IR T BRE MRTHEHN, IXEEHSR BN ER
AttentionflEIHEEIZ S TiEERIAEANE X ZEIRYARRITE, 2T AT IREAIRER

Method Accuracy
SCISSOR (Ge and Mooney, 2005) 72.3
KRISP (Kate and Mooney, 2006) 71.7
WASP (Wong and Mooney, 2006) 74.8
A-WASP (Wong and Mooney, 2007) 86.6
LNLZO0S (Lu et al., 2008) 81.8
ZC05 (Zettlemoyer and Collins, 2005) 79.3
ZCO7 (Zettlemoyer and Collins, 2007) 86.1
UBL (Kwiatkowski et al., 2010) 87.9
FUBL (Kwiatkowski et al., 2011) 88.6
KCAZ13 (Kwiatkowski et al., 2013) 89.0
DCS+L (Liang et al., 2013) 87.9
TISP (Zhao and Huang, 2015) 88.9
SEQ2SEQ 84.6
— attention 72.9
— argument 68.6
SEQ2TREE 87.1
— attention 76.8

GEO

BMENFT



SEQ2ACT

Bo Chen, Le Sun, Xianpei Han.
Sequence-to-Action: End-to-End Semantic Graph Generation for Semantic Parsing. ACL-2018.



Seq2Act

o ZHIRE IR RRRERANE X T tokenZ [BIRVELE
- WNfromRABEHMINSEL

— WNfromiyE — NS e T E |17 L2mbdas0e <r|1> |

and <n> <n>

/
> <n>1600:ti | | from|$0|dallas:ci
|
. ﬁﬁi%)‘{%%/‘_l_?i%)‘i ‘ departure_time $0

- SAREEMNETIRR, O FEANRERNATRLIR

= AFRNNERIRYEREEIFI 77 FuNlgE

-

Bo Chen, Le Sun, Xianpei Han.

Sequence-to-Action: End-to-End Semantic Graph Generation for Semantic Parsing. ACL-2018.
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=AY,

Seq2Act: imZEimiE X

type
return (A) yP CstateD E YR
next_to H

e o e




Seq2Act: imZEimiE X
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e
return (A) yP Cstate) E YR
next_to H

e o e
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n
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Seq2Act: inZEimiE X
e —— e

(A)
%, [ Y }

/Action 1: add node A \

e o e
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=AY,

Seq2Act: imZlimiE X

@D [y

/Action 1: add node A N
Action 2: add type state

e o e

o /
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F
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Seq2Act: imZElimiE X

type
[ E YK

e o e

|

/Action 1: add node A
Action 2: add type state

~

Action 3: add node texas:st

.

/




Seq2Act: inZRlimiE X ElLEm

type
(A—Ctated .
next_to [ R }

(texas:st)

/Action 1: add node A N
Action 2: add type state
Action 3: add node texas:st

] | Action 4: add edge next_to

o /




IR

/_':EE

type
return (A) P Gated Y
next_to Bl E

(texas:st )

Seq2Act: imZElimiE X

/Action 1: add node A N
Action 2: add type state
Action 3: add node texas:st

] | Action 4: add edge next_to

/

Action 5: return
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T

Seq2Act: imZElimiE X

=AY,

type
return (A) P Gated Y
next_to Bl E

(texas:st )

/Action 1: add node A N
Action 2: add type state
Action 3: add node texas:st

] | Action 4: add edge next_to

/

Action 5: return

aF B




Seq2Act: imEimiE M B4

type
return (A) yP CstateD Y E
next_to HAE

(texas:st )
/Action 1: add node A \

translate Action 2: add type state

Action 3: add node texas:st

] | Action 4: add edge next_to

/

Action 5: return

aF B




Seq2Act: imEimiE M B4

next_to

(texas:st )

return [ AV }

/Action 1: add node A N
Action 2: add type state
Action 3: add node texas:st

. Which states border Texas? || Sequence-to-Action .
] | Action 4: add edge next_to

/

Action 5: return

aF B




Seq2Act: 1REIHELE

!

2)

Sequence-to-Action
RNN Model

Constraints Generate

\ 4

Action
Sequence

Sentence ————

Which states border Texas?

e

add_variable: A

add_type: state
arg_node: A
add_entity: texas:st
add_edge: next_to
arg_node: A

arg_node: texas:st
return: A

BN

Construct

\ 4
Semantic

@

Graph

**************************************************




Seq2Act: TH{ES

Al

Add variable node
- Eg., A
Add entity node
- E.g., texas:st
Add type node
- E.g., state
Add edge
- E.g., next to
Operation action
- E.g., argmax, argmin, count
Argument action
— For type node, edge and operation

Vs

arg_for_1

return

/A\ traverse

Action Sequence:

type
i

Sentence: Which river runs through the most states?

Semantic Graph:
arg_for_2

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 AB
return A

N




Seqg2Act: encoder-decoder model

softmax

Typical encoder-decoder model (bi-LSTM with attention)

[Action embedding }




Seqg2Act: action embedding
|

» BRAEEDEMERD
- oAl TR, LI ERREEFFIRRE (BESETFHRITEM)

a ) ‘n N
000 add edge |: | next to 000
000 add edge | : loc 000
N / N /
Structure part Semantic part
® (add edge:next to ) = [® (add edge); ® ( )]

000 000 00O 00O
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» ZWERBEINESE, —CREERRKIEEKIRAYEIRT

» ERZEEBEERIMAIIRENARER, HRIEFEDR RS
8%, FEENHNENER

GEO | ATIS Logical Form | Action Sequence
Previous Work GEO 28.2 18.2
Zettlemoyer and Collins (2005) | 79.3 - ATIS 28.4 25.8
Zettlemoyer and Collins (2007) | 86.1 | 84.6 OVERNIGHT 46.6 333
Rwiatkowkst et al. (2010) 8891 - FGBIERAR K SAERFFIHR EERILL,
Kwiatkowski et al. (2011) 88.6 | 82.8
Liang et al. (2011)* (+lexicon) | 91.1 -
Poon (2013) - 83.5
Zhao et al. (2015) 88.9 | 84.2
Rabinovich et al. (2017) 87.1 | 85.9
Seq2Seq Models
Jia and Liang (2016) 85.0 | 76.3
Jia and Liang (2016)* (+data) 89.3 | 83.3
Dong and Lapata (2016): 2Seq | 84.6 | 84.2
Dong and Lapata (2016): 2Tree | 87.1 | 84.6
Our Models
Seq2Act 87.5 | 84.6
Seq2Act (+C1) 88.2 | 85.0
Seq2Act (+C1+C2) 88.9 | 85.5
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= Seq2Seq: EELBIRENFRTFIUL

= Seq2Tree: Z[EEIHIFEN RIS

= Seq2Act: HIEXEFRINEN, FsEFHmIEBIE X BRI
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= Constrained decoder: IRANIRES

= Coarse-to-fine: "1BRAZLEM" + "{Aa"



Constrained decoder
- .

» BT BERESEFIWIES, TFEBISEMLIR, RILIItel=sE
EEHEAIdecoder, 1B X ETHHIdecoderaT LAERIFHEAIZIR S 4

s GERMHFIENFH
- 6% 0" (lambda $0 e (and (flight $0) (from $0 * T—4*
tokenpiiZ2— 1281 (SLARETE) .
- 1BENZMA:  “(lambda $0 e (and (flight $0) (from $0 * F—* tokenhy
Z— M hEE IS

. EBERIARERoken, NTTIESREERERE VTR

= ERTERETHEMNEANE MR A ER T LR,



Constrained decoder in Seq2Act

Sentence: Which states border Texas?
Partial Semantic Graph:

type

Structure Semantic| Arg Validity
add_variable A
Generated
add_type state A
Actions _
add_entity texas:st
add_type city texas:st X
Candidate | add_edge loc A, texas:st X
Next add_edge next to | A A X
Action add_edge next_to A, texas:st v

Action 1: violate type conflict

Action 2: violate selectional
preference constraint

Action 3: structure constraint

Action 4: YES



Grammar constrained decoder

Which athlete was from South Korea after the year 20107?

Generated Actions Logical Form

START = ¢ <c,d>—date ((reverse athlete)
c—(<r,c>r) d—(>=d) (and (nation south_korea)
<r,c>—(<<C,r>,<r,c>> <c,r>) d—2010.mm.dd (year ((reverse date)
<<C,r>,<r,c>>—reverse (>= 2010-mm-dd)))

<c,r>—athlete
r—=(<r,<rr>>rr)
<r,<rr>>—and
r—(<c.r> c)

<c,r>—nation
c—south_korea

r—=(<C,r> C)

<C,r>-—year

c—(<d,c>d) Non-terminal Stack
<d,c>—(<<c,d>,<d,c>> <c,d>)

<<C,d>,<d,c>>—reverse

Jayant Krishnamurthy, Pradeep Dasigi, and Matt Gardner.
Neural semantic parsing with type constraints for semi-structured tables. EMNLP-2017.



Coarse-to-fine
- .

» BRIESSIENFRZERNgap AKX
s FE: fiRisketch, B Tgrounding

all flights from dallas before 10am =

l

Meaning Sketch
(lambda#2 (and flight@1 from@2 (< departure time@1 ? ) ) )

& gap

Low-level Details
(e.g., arguments and variable names)

|

(lambda $0 e (and (flight $0) (from $0 dallas:ci) (< (departure_time $0) 1000:ti)))

Li Dong and Mirella Lapata. Coarse-to-Fine Decoding for Neural Semantic Parsing. ACL-2018.



Coarse-to-fine
- .

s SeiERksketchg9iFak?
- HEELREANE R, TERsketchBERZRS

- SketchEE—EMS L, REQTFEEERMsketch
- [ERsketch /S, ERMIFFIHREAALER,

— Sketche] LU AEEAYdecodingiZ24t#5E)



Coarse-to-fine

s ZEf&coarse-to-finefigiE

Sketch-Guided
Output
Decoding

Sketch
Encoding

Sketch
Decoding

Input
Encoding

(lambda $0 o (and (flight $0 ) (< _time

1 1 1 1
P —
eparlure

(Iambda#E (and ﬂlght@1 (< tume@1

20000 &é@é@

<s> (lambda#2 (and flight@1 (< departure 7

- 0-0-0-0

all flights  before ti0



Coarse-to-fine
- .

» Sketchil{aigSfEEAYdecoding?

» Example 1: one augment is missing

flight@1 —— (flight @)

» Example 2: type information

NUMBER =— Q (a numeric token)



Coarse-to-finefYf4RE
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= (EZ 2R LEREUS 7 IEREHIIEFt

Method GEO ATIS
ZCO07 (Zettlemoyer and Collins, 2007) 86.1 84.6
UBL (Kwiatkowksi et al., 2010) 87.9 71.4
FUBL (Kwiatkowski et al., 2011) 88.6 82.8
GUSP++ (Poon, 2013) — 83.5
KCAZ13 (Kwiatkowski et al., 2013) 89.0 —
DCS+L (Liang et al., 2013) 87.9 —
TISP (Zhao and Huang, 2015) 88.9 84.2
SEQ2SEQ (Dong and Lapata, 2016) 84.6 84.2
SEQ2TREE (Dong and Lapata, 2016) 87.1 84.6
ASN (Rabinovich et al., 2017) 85.7 85.3
ASN+SUPATT (Rabinovich et al., 2017)  87.1 85.9
ONESTAGE 85.0 85.3
COARSE2FINE 88.2 87.7
— sketch encoder 87.1 86.9

+ oracle sketch 93.9 05.1
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BE (1) : (RAARAIREGDE

= (A IEXEHTSRINREREASIKEEH, AFTF
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-Transfer
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BE (1) : (RAARIRE

= Transfer: §alaFFz

- RS SIaTR

VRi&: SEEARGETEGEAME

g

(3) Align

M What QA related papers were published during 2018?
3
A
S)
What ENT ADJ NOUN were VERB during DATE?
-
L=
=]
e
w
o
1]
2 )
@ : % % H
SREL .SENT 1 Type . $ENT_TYPE [1 SREL_DATE . $DATE
C, Sical(related,cy) Cs Siocal(Papers,cs)
-
ﬁ Author 057 Article 0.88
o Field 0.5 Venue 0.43
Venue 0.34 Person 0.15

Field.QA M Type.Article M PubYear.2018

Jonathan Herzig and Jonathan Berant. Decoupling structure and lexicon for zero-shot semantic parsing. EMNLP-2018.




EBE (2) . fISSMEMBRISHIE N

= R WEFEFEMEB, BEFHFSHEEKTFIEEN
FIRZNR, #WERENGERTFRERNTER, MEEES
Xt R EN R SRR G AR AR RS IR RS,

= HbiE: SEMEMSPRIRTER, URITEAI
(FEATS)



B2 (2) : FISSHEMBRIGHNE M ET

»« HBU%iA: Neural Symbolic Machines (NSM)

- LAmemoryfJfZzfEneural network®5| Asymbolic
representation,

- MR HEEIEIEFR)E HD AR R)

Key | Variable |:> Key | Variable | > Key | Variable |:> m.NYC |

Execute Execute ' Execute
—+d v, | RImUSA) | (HopR1!Cityn) v, | R1(m.USA) (Argmax R2 Population ) Retumn
) —d v, R2(list of US cities) m——e E'A R3(m.NYC)
Entity Resolver
( Hop R1 ICityln ) Argmax R2  Population ) Return
—| | ] - — - | - - - — —-| | —=
Largest  city in us GO ( Hop R1 ICityln ) ( Argmax R2  Populaton )

Chen Liang, Jonathan Berant, Quoc Le, Kenneth D. Forbus, Ni Lao.
Neural symbolic machines: learning semantic parsers on Freebase with weak supervision. ACL-2017.



B2 (3) : L RIRARNE T

= [BRE: SRIAFErFENRAZIaFER
-17R XEREME. B

Example #1: Example #2:
(a) show me the flights from boston to philly (a) show me flights from milwaukee to orlando
Ax. flight(x) A from(z,bos) A to(x, phi) Az. flight(x) N from(z, mil) A to(x, orl)
(b) show me the ones that leave in the morning (b) cheapest
Ax. flight(z) N\ from(z,bos) N to(x, pht) argmin(Azx. flight(z) A from(z, mil) A to(z, orl),
A during(x, morning) _ Ay.fare(y))
(c) what kind of plane is used on these flights (c) departing wednesday after 5 o'clock
\y.3z. flight(z) A from(z,bos) A to(z, phi) argmin(Az. flight(xz) A from(z, mil) A to(z, orl)

A day(x, wed) A depart(z) > 1700,

A during(x, morning) A aircraft(z) =y My fare(y))



B2 (3) : L RIRARNE T

- XiEFbEE: B, . MWSRER

Example #1: Example #2:
(a) show me the flights from boston to philly (a) show me flights from milwaukee to orlando
Ax. flight(x) A from(zx,bos) A to(x, phi) Ax. flight(x) N from(z, mil) A to(x, orl)
(b) show me thethat leave in the morning (b) cheapestﬁ
Ax. flight(z) N from(z,bos) N to(x, phi) argmin(Az. flight(z) A from(z, mil) A to(z, orl),
A during(x, morning) _ Ay.fare(y))
(c) what kind of plane is used on these flights (c) departing wednesday after 5 o'clock
\y.3z. flight(z) A from(z,bos) A to(z, phi) argmin(Az. flight(xz) A from(z, mil) A to(z, orl)

A day(x, wed) A depart(z) > 1700,
Ay fare(y))

{=AAV e

A during(x, morning) A aireraft(z) =y
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-L’*U% RT3z

CCGRITS /£ SENNFMAL LA ERALE
T‘Eﬁ%ﬂ% HEESYIES

—E T 5L IﬂZ%‘EI’ij_If turn-level encoder
+ query segment copying




B2 (3) : BRGNS )T
= BT CCGRYGIE: FXIFEN

FmialLL ones := N :Az.!{e,t)(z)

Az e, t)(x) A during(x, morning)

i (e, t)

Example #1:
(a) show me the flights from boston to philly
| \x. flight(x) A from(z,bos) A to(x, phi)
(b) show me the ones that leave in the morning
Az.flight(x) N\ from(z,bos) A to(x, phi)
A during(x, morning)
(c) what kind of plane is used on these flights
Ay.Jx. flight(x) A from(x, bos) A to(x, phi)
A during(x, morning) A aircraft(z) =y

Luke Zettlemoyer and Michael Collins. Learning context-dependent mappings from sentences to logical form. ACL-2009.
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» ETCCGRITGIE: FTUERS

A/B:f = A:f(Axle,t)(x))
A\B:f = A:f(Axle, t)(x))

Type-shifting

Example #2: BHl& T ones
(a) show me flights from milwaukee to orlando
Ax. flight(x) A from(xz, mil) A to(x, orl) cheapest
(b)}cheapest NP/N
argmin(Ax. flight(z) A from(z, mil) A to(zx, orl) Ag.argmin(Az.g(z), Ay. fare(y))
\y.fare(y)) NP
(c) departing wednesday after 5 0 clock argmin(Az.!/(e, t)(z), Ay. fare(y))

argmin(Ax. flight(x) A from(z, mil) A to(zx, orl)
A day(x, wed) A depart(xz) > 1700,
Ay fare(y))

Luke Zettlemoyer and Michael Collins. Learning context-dependent mappings from sentences to logical form. ACL-2009.
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NI RANIRNE X T

= Neural 3%

—-Turn-level encoder:
—Query Segment Copying:

Show me flights from

Seattle to Boston next

Monday

RIB_ESER
copy#lHIKE

On American Airlines >

Mechanism 1

Mechanism 2

+| Encoder || Turn-Level
Encoder
v
SQL queryq_ Decoder
Turn-Level
1 Encoder Encoder

Query Segment
Copying

Y

~
SQL query

f

Decoder

|

Previous Requests: Turn-level Encoder

Previous Queries: Query Segment Copying

Alane Suhr, Srinivasan lyer, Yoav Artzi.
Learning to Map Context-Dependent Sentences to Executable Formal Queries. NAACL-2018.

EE
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|

1

2

phainhays

=P Empty out the leftmost beaker of purple chemical

Then, add the contents of the first beaker to the second

Mz it

Then, drain 1 unit from it

Same for 1 more unit
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SHPIE

RSB RNE X fFT
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I

|

1

2

ahahaa)s

5

Empty out the leftmost beaker of purple chemical

Then, add the contents of the first beaker to the second

- Miz it

Then, drain 1 unit from it

Same for 1 more unit
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n JRIFRERTTA:
-HFFEW#IRencoder-decoderiz il

— —

vTENMSystem Action
v EncoderdiZta 2 Biapn S AN JRIRVIAE

g

Alane Suhr and Yoav Artzi.
Situated Mapping of Sequential Instructions to Actions with Single-step Reward Observation. ACL-2018.



BE (4) | SYNRRHFRRZERNE MAFT

=« IRIESERNESSIZEsystem action

System Actions

......................................................................................................................................................................................................

Mz it
 Each beaker is a Pop g
stack poP
pop 2;
* Actions are pop push 2 brown;
and push push 2 brown;

push 2 brown;

Alane Suhr and Yoav Artzi.
Situated Mapping of Sequential Instructions to Actions with Single-step Reward Observation. ACL-2018.
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» Encoderdr[EIRNEESRIMS, ZRIMS, ¥
IR, FERE

. iCurrent instruction !

Previous instruction : |
Throw out first beaker  Pour sizth beaker into last one; It turns brown |

| .

Current state
: Initial state

Attend over current state

Alane Suhr and Yoav Artzi.
Situated Mapping of Sequential Instructions to Actions with Single-step Reward Observation. ACL-2018.
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- Transfer
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o _ERIORANAGE MR
- BE& L3 5B /Jencoder
- BT copy¥lHRHERERGE
» SYIRHRIIERNE N

- Bt S {EEMencoder (YEiHd. ZRINGS, MUBIREE)
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» Github: https://github.com/cipnlu/Semantic-Parsing
n SCEOEERUE:  http://www.icip.org.cn/zh/zh_resource/
- B E1E X EtrtEXATutorial (ACL10, ACL13, ACL18%)

Tutorials about Semantic Parsing

(ordered by year)

1. FRRUIEIE SRR
[slides]
Xianpei Han, Bo Chen. CIPS Summer School, 2019.

2. Neural Semantic Parsing
[slides]
Pradeep Dasigi, Srini lyer, Alane Suhr, Matt Gardner, Luke Zettlemoyer. ACL-2018.

3. Question Answering with Knowledge Base, Web and Beyond
[slides]
Scott Wen-tau Yih. NAACL-2016.

4. Natural Language Understanding: Foundations and State-of-the-Art
[slides]
Percy Liang. ICML-2015.

5. Semantic Parsing with Combinatory Categorial Grammars
[slides] [website]
Yoav Artzi, Nicholas FitzGerald and Luke Zettlemoyer. ACL-2013, EMNLP-2014, AAAI-2015.

6. Semantic Parsing: The Task, the State of the Art and the Future
[slides]
Rohit J. Kate and Yuk Wah Wong. ACL-2010.

7 PIERATESKI = - LB X

Chinese Information Processing Laboratory


https://github.com/cipnlu/Semantic-Parsing
http://www.icip.org.cn/zh/zh_resource/

15 M AT IR

» Github: https://github.com/cipnlu/Semantic-Parsing
n SCEOEERUE:  http://www.icip.org.cn/zh/zh_resource/

- IAEEEIEST (Luke Zettlemoyer, Percy Liang, Tom
Kwiatkowski, Jayant Krishnamurthy, Yoav Artzi, Li Dong3)

PhD theses about Semantic Parsing

(ordered by year)

1.

The Lifecycle of Neural Semantic Parsing
[thesis]
Jianpeng Cheng, advisor: Mirella Lapata and Adam Lopez, University of Edinburgh, 2019.

Learning Natural Language Interfaces with Neural Models
[thesis]
Li Dong, advisor: Mirella Lapata, University of Edinburgh, 2018.

. B aBS & METa0iE AT ISR T (Semantic Parsing based on Lexicon Learning and Structure Mapping)

[thesis]

Bo Chen, advisor: Le Sun, Institute of Software, Chinese Academy of Sciences, 2018.

Integrating Machine Learning and Symbolic Reasoning: Learning to Generate Symbolic Representations from Weak
Supervision

[thesis]

Chen Liang, advisor: Ken Forbus and Ni Lao, Northwestern University, 2018.

. Syntax-Mediated Semantic Parsing

[thesis]

Siva Reddy, advisor: Mirella Lapata and Mark Steedman, University of Edinburgh, 2017. IAP EF Y1§,§\ﬂf§§:5ﬁ§— *\]’ /fﬂ f’;% %EE ﬁl’»*’ rJ ;(
Chinese Information Processing Laboratory


https://github.com/cipnlu/Semantic-Parsing
http://www.icip.org.cn/zh/zh_resource/

15 M AT IR

» Github: https://github.com/cipnlu/Semantic-Parsing
n SCEOEERUE:  http://www.icip.org.cn/zh/zh_resource/
- TE® (SEMPRE, Cornell SPF, AllenNLPZ£)

Frameworks or Tools for Semantic Parsing

1. SEMPRE: Semantic Parsing with Execution
[website]

2. Cornell SPF - Cornell Semantic Parsing Framework
[website]

3. Allennlp - An open-source NLP research library
[website]

4. SLING - A natural language frame semantics parser
[website]

5. Graph-Parser
[website]

6. OpenNMT (for neural sequence modeling)

[website] EFY1§:§~QEE§;5&§- }m%; E T X
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Datasets for Semantic Parsing

1. Geoquery
[website] [execution]
cite: John Zelle and Raymond Mooney. 1996. Learning to parse database queries using inductive logic programming. In
AAAL

2. Jobs
[website] [execution]
cite: Lappoon Tang and Raymond Mooney. 2001. Using multiple clause constructors in inductive logic programming for
semantic parsing. In ECML.

3. ATIS
[context-independent] [context-dependent]
cite: Charles Hemphill, John Godfrey, and George Doddington. 1990. The ATIS spoken language pilot corpus. In DARPA
Speech & Natural Language Workshop.
Deborah Dahl, Madeleine Bates, Michael Brown, William Fisher, Kate Hunicke-Smith, David Pallett, Christine Pao,
Alexander Rudnicky, and Elizabeth Shriberg. 1994. Expanding the scope of the ATIS task: The ATIS-3 corpus. In HLT.

4. Webquestions
[website]
cite: Jonathan Berant, Andrew Chou, Roy Frostig, Percy Liang. 2013. Semantic parsina on Freebase from auestion-answer

airs. In EMNLP. . T
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Papers about Semantic Parsing
(ordered by year)

2019

1. Learning an Executable Neural Semantic Parser
[paper]
Jianpeng Cheng, Siva Reddy, Vijay Saraswat, Mirella Lapata. CL-2019.

2. Iterative Search for Weakly Supervised Semantic Parsing
[paper]
Pradeep Dasigi, Matt Gardner, Shikhar Murty, Luke Zettlemoyer, Eduard Hovy. NAACL-2019.

3. Context-Dependent Semantic Parsing over Temporally Structured Data
[paper]
Charles Chen and Razvan Bunescu. NAACL-2019.

2018

1. Semantic Parsing with Syntax- and Table-Aware SQL Generation
[paper]
Yibo Sun, Duyu Tang, Nan Duan, Jianshu Ji, Guihong Cao, Xiaocheng Feng, Bing Qin, Ting Liu, Ming Zhou. ACL-2018.

2. Coarse-to-Fine Decoding for Neural Semantic Parsing
[paper] [slides] [code]
Li Dong and Mirella Lapata. ACL-2018. i g R ST B L
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