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Abstract: Knowledge base question answering(KBQA) provides accurate and short answers to complex factoid
questions with the help of high-precision and highly relevant structured knowledge in the knowledge base(KB). Semantic
parsing has become one of the mainstream methods of KBQA. Under the given form of question meaning representation,
this kind of method maps unstructured questions into structured meaning representations, and then rewrites them as KB que-
ries to obtain answers. At present, semantic parsing for KBQA mainly faces three challenges: first how to choose a suitable
meaning representation form to express the semantics of questions, then how to parse the complex semantics of questions
and output the corresponding meaning representations, and finally how to deal with the high cost of labeling datasets and
the lack of annotated data in specific domains. Starting from the above challenges, this paper first analyzed the characteris-
tics and shortcomings of meaning representations commonly used in KBQA and then combed out how existing methods
deal with the complex semantics of questions. After that, this paper introduced the current attempts in low-resource scenari-
os and finally discussed the future directions of semantic parsing for KBQA.
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VR RN AR B TR A R S S A I 5

KOPLH}I

Lisp"™’ AT 28 238 38 3 b T =X, Pl e TR 11 G SR e 3 it LR K e g, B AT AR Fr) 2k 58 44 1 (HL T
TR BRI ks R A TR ISR NS H 15 B 75 A it B A I 5t

3.1 AEERENE

ATHFEVOUR B R — 25 DU AR R G R
e 19 R0 ke BIF 5 o K A0 o] il 52 Ak e S R A ] B
Jit VA Bt M i I R G . FE Akl B, A 2R 2
K‘Eﬁﬁ[”: (typed lambda calculus) 75 i X fi##r TAFE 15
BT, E RS 3ASASAL SRk
FUE IR, PR B AR SR 2 1Al R R A ke
S A B 5 Ry ELAE Y R . AR SR SR 4 3 DA A AR
F8 A M 2. DL A] “Which is the largest prov-
ince that borders Jiangsu? ” 24 i , H 2 55 3% 5 K
arg max (/x. province (x) A border (x, Jiangsu ), Ax. size(x))
| Jiangsu B2 SEAA s province I size 352 BRI, 11T 2K
S A S B BB B RS AR R S R R R
By, J5 K S A e S 3 2B b R X A4S A Gy 1Y T
RS, T R TR [ 250 b T A A7 S B Y 3
B BT RS (1) &, A48 IR 08 Rk
(2) IS, BIEB(A) MTH(V) BE (=) B
(=) 5 (3) a2 PR a i (V) AEFE R (), W
Jx.province (x) A border ( x, Jiangsu ) Ay L, 24 H AL 24 &
DA — DB Oy UL AR 5 (4) 4 K 3£ (lambda
expression) s £ S D S G 7 S | y n
Jx.border (x, Jiangsu ) ¥ S A B Ay ELAE, 2 W4 A i1 5
PRJE R 5 VL4 AR 5 (5) & Ak 19 &), 2 4§ count,

arg max, arg min &

AR IR R o8 A, B AR 5 1 L3R A AR
J1 A FHA BB BB, G 1R 5 0 R DR AE
HOEE A b e A R OR T B Y TR R AE A RE
5 %) 7z ffi ], i1 2-DCS'* (Lambda Dependency-
based Compositional Semantics ). 2-DCS [t 2= T 1 ¥ &
ooy AR, DL B Bl A S ), H A-DCS Kk AR
arg max (type. province [1border. Jiangsu, size). H & 3k
Y, A-DCS FZALHE 2 DAY, Bl — 2 Rk X
(unary ) Fl — 0% 48 #3152 (binary ). FII & R 19 & 58
PR B SR EE A, QN Tiangsu , X W & SEARTE R4 5
HARIN e IR XS BE A A border , X IV Y 2 HEHERY
SEAR R AR A, HOTE A R xR Gk R
Jx.Jy.border (x,y ). AN [ ) 3 46 3 3k 2 A) DLGE i i B2
(join) . 38 X (intersection) >R I 4 (union) . 75 72 (nega-
tion) . 15y Kﬁﬁ?(high-order function) ZEPAERF A4, B
n—Jo Rk Jiangsu Ml —J0 18 #3155 border il
o) AR AT LIS B — oo 12 i R 3K 2 border. Jiangsu,
X7 5 VT A AR 48 Y SE R AR A, A 4 BB TR O
Ax.border ( x, Jiangsu )
3.2 EREBERIER

B2 S A O I 0 9, DL A
1 B R A A AR R () 2 v i) 32 B0 SORAE . 78
PR 2 B e ik 5, 39 Rl 48 2R 0 B S
R, AR A BRI SOCR . AT AT
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S 2-DCS, PR 58 238 =0 B3R A AT B2, [R5
[Fa) R A B 140 9 A 2 P R P R R bl R HAT —
SE IR | AT 1 RS X S . DK 0] ) A B (14 ) L 254
P T A 1 LR 32 4 2 K AT A (semantic
graph) B XA (semantic query graph) JMZE L
FHE (Abstract Meaning Representation, AMR) %5 . M
P ER 0 2 1) P10 T ke 1 JR1IR 22 4 3 8 =0 A i)
"' (query graph).

Pl 4 A3 SRR B o P 4 () S JC AR (3
X & (ungrounded semantic graph) , & 4 (b) i A 3 F& )
1B L [# (grounded semantic graph). Aij & J& ¥ ] 4] 18 i
ZH A Y5 W5 S 3L (Combinatory Categorial Grammar,
CCG) fifp Ay 85 HCAF BV M AT (dependency parsing) 75 2]

() >
“doxd-parmboe\ *_/zSre-panmboe |

u

(a) FCHRFERYIE LA

14 2 38 B 3 1 Ui B PR T 2, 19 AT B A g
F 2800 R ECRS e T EONRAE G &R, HLIE B
55 AR 5 R AR R X N S T T S
5 )RR e 0 S S 1 6 6 30
IR R RO SR ] B G 2R A N T S
VEREAT A B B, DT 5 R 5 TR PZE XS I . o SCA T 4]
55 2Z 2R, 2K 1) ) R A ) 0 Figp A A i T SR
BARSGE TR . MR XRALT W iR iE, &
NFTRME Z MIATE SR GO R . HALE IR A 0
4k It ek B PropBankm: , &5 45 1T [A) 4] “Who is
starring in Spanish movies produced by Benicio del Toro?”

B3 5 18 LR AR Ho “unknown” 5 5 B R0 N & %

e
RS
&
. S
S (]
type
.
A
s o :
Ry 7S
‘0\)%\_$.\\\00 5 \)5\(\&\0‘\ busgn'elss.
e AR acquisition.
RNy B &
N AT company ac
= quired

2
? 5 business.
[I’O),é) ‘o acquisition.
pa,)y\ [ . 603» date
R
J

(b) AAREERTE S

4 [A]]“What is the name of the company which Disney acquired in 20067 fi# X [&]*)

produce-01
arg0,
Benicio
del Toro

F5  [A] %] “Who is starring in Spanish movies produced by Benicio del
Toro?” A4 T CFRAES

H T 0] 40] B A VR 54 5 R 1 B A A A R AR
IHAFTE 22 53 , TE ARG At BT 75 3 115 SCRAE AR 1 ELA RN
TR A 100 IR S 50 3 5 DG P B v 0 38 5 e A 2 R
AHSCHY RN T 18] . O 1 b — 2D R TR 3 X ., A 3 ]
B AR 7 & E T RS 15 3 191 SCRAERT L
B S O AR A . LU 6 H Y ] A] “Who first
voiced Meg on Family Guy?” A il , 2 ] KA 45 4 J5 45 55
R R (BRI ), BRI /g ot A R R S 3

B EUEAE, nE e h E‘J“Family Guy” F1“Meg Griffin” J AR
N R(EDE ), 48 R BB 2P i Sk
BB 5L R 6 b gy ™ s A8 R (B IRE ) , &
RIS BIE 6 TRy “7a” s SR G BRI (ZEIE ) L HEH]
T SE A5 B B SER A BUE TR 1 b i 8T 6 Hh Y
“argmin”. T A 2 ] 3 R 2 SR AR T R I DG FR R
JEVE . AR T S, b — A AR Y
JEL R INE [ ) F 2 RS T 2 R S R ) 2 529 R G
ZEARTR M A% O BREE (core inferential chain) , HiAY
R IS € AR (ESEENIRE 328 < D S O AL
AR 5. B 6 R AT TR LA Family Guy” &
FBIAK, (Family Guy, cast, 7y, actor, ?a) A% O HEHL

6 A4 “Who first voiced Meg on Family Guy?” {1 #¥ 7 [
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UL IF < T 16 R0 P [ 25 4 ) ) s SUA BT RIE S 2 3 2249

5, (?y , from, argmin ) Fi1 ( ?y, character, Meg Griffin) 43 51|
Y Ry A 146 28 S A 0 o T Ay i T] FC 57 £ €23 I
HR PR PO R B AR

3.3 BFIES

TS A E A-DCS i 2 FDRZ AR Ik, e A8
B Ry HAR R AW L I TAE S R
FHAS )35 75 8 il SCRAE , i SPARQL™. 52 %
M, —#B o TAESEET O A MECHE A€ LR (in-
terpreter)E&iﬁﬁ&i‘l‘*ﬁ@ﬂgﬁir?i%%ﬁi%)\(%?ﬁ , He Y
44 Prolog ™ I Lisp ¥ 4% .

Prolog TR T —HriE 1A 2 45 (first-order logic) ,F
BORRIKX R Z A KR I3 T ORI 4 E /Y
211 . Prolog 1) % A% X 3% M2 B 7 4] (Horn clause )
TE 2, A% 3 &8 Chead ) FIRFR (body ) PIHE 43, 5 23
i AR ke R IR A £ A BT R A R B S
5] 4n 7] 4] “Which provinces border Jiangsu?” bR A
Prolog % ik X &1 7 — province (X)), border(X, Jiangsu) ,
fili iz 22 35 2000 BB 0 XA BRI Ry ) A) 280 58 . TR RE
T — B 18 1A 38 Y 5 22 AF FunQL™ ' (Functional
Query Language) J& /A % 7% 5t (variable-free) [ , i — i
5 2-DCS &L . bR [A] &) XF R A9 FunQL 38 35 X

answer ( province ( border ( J iangsu) ) )

Lisp A3 & 0 =84 454, 51 R N gy — 3
S- 3 ik 70 (S-expression ) , & > S-F 5 X ¥y hy i &
KX, ULEHSHH . UAFE S, F5 W
JhTE Y pR AN R B s . ) ) ) Which
is the largest city in China?” b OWIAK] Lisp FKikAH
[(Hop China !CityIn), (Argmax R1 Population):|, H o
Hop Hll Argmax ¥ Jy il & LB R AL, | RN L&,
(Hop China !CityIn)3&/R EASE/A China iy FESEIA 3R 7] 55
H DL Cityln ¢ & M % 19 Sk LK £ 4, /E 8 RI
(Argmax R1 Population) % /~ X 52 14 4 & R1 % 18
PopulationiX—J@MEEREFHERF , 1% {ER A A A
TAESESE Lisp, & 1B T BREE OB UA0IE LR
kB A SRIE T Il A A o SCEE — R 5 R A-1IR T 3R
3.4 ME5WR

25 BT TR SCRAER R IR e Pt g 1 ) B T
(] A 24 R (14 0 BT, 7T ) 3 e B S i ) A AU A 1 i
NCRAERIHMES TR . 7 1R 3 20E CRAE D A3 M
HATA MR 718 5 B B A B i iE L ERikRe Ty, Horp
PRAL-TE TC R R P o 5 1 SCRAE R 3 508 H A SR
BOk g s H IR RE Ty . M BRI 48 R A U2 PR T IR 45
Y, 2638 58 A PR3 55 T HA WG 25 18 SCRAE , 1) fn 5] )
“Which province is larger, Jiangsu or Anhui?” 75 i) = H

1884 size (Jiangsu ) > size (Anhui ) ?Jiangsu: Anhui 42 Xk
i o IR 2 4 R A U R

HIRFIRRE 1355 B BRI B 30k A SR 1)
AL REE JF HL5 R RS B (040 1 5 4 B R 12 1Y)
FANAS I BAT — 3 B9 ALY | ] LAAE 18] /) 1) ) 5 i A
SR ECE IR 7 B b R BRAR T 1 SRR
PR e . A AR R IR RE Ty (H R RIA R N &
BRI TR R XERE , DL A-DCS 76 AL T et , i
TR R E . PR S 0h SCGREE LR E 451 R
782N SO Z AN OC &, 5 [R) ) ) vk 45 4 K R
TR NG 22 F K, TR ERZ B Rk A —+
) P 10 /e 5 4 B RN R R D A A 05 L TR A i
SRS Sy A

PRI, YA G 3R 08 50 48 T R 5 (R R P |, R R
SCFAE B 75 22 2 S0 32 B n) R, e i S 2 Ay )
A TRT S R AR R4 i 12 s SCERAE X, DA T 2 7
BB (R AT R

4 ETHEHFIE R A%

TEVEE T SCRIEM BB U5 | 58 38 it Al
f ()1 SRR T AR S R A 1) B SR TR ) A 5 AR Dy
SRR T SCRAE . Y HT BT SR M 78 AT D43k i
TR HE P 09 77 3 035 T G i g s (%) 7 s . AR 2B
I REE TR BT %

A 3 B B2 HER 200 5 25 S A28 I A Rl RE Y
fige e 7 SCRAE 2K, P AT Z0 BB Xf A 2% 114 Jor A e
VEHER , IF 4 th s ok . BT A 4 g e 24 3 o e SOV
B N T8 AR B R ARAT S 1 s ek 1 SR
TEAYHE R 25 ], 35 TAE R B AR HE T | B
% (beam search) , TR e 6 ACBEF b — 42 i 6 15 21 19 1
SCRAEFHATY R FEE AT — 535X, DT 52 JixF
5] ) 52 v SR AT . FEASCE 7= AR i o SCERAE |, —
T4 A £ 40 1 5 R 8 JHR R X 7 1) A AR Y
W SCERAE s O3 — 4y TAR S8 548 MR TR
TCARBE (18 SRR, fe Jm 4 HE S 3 45 2 U |
e 30 T M HE T 015 SRR BT 5 T e BEMCEE T =K
P2 0328 RIS R 2 SOk 0 R ] s SRR B A
g 2.3,33.34.46.47.49,53.63-87) i e 7 4 oy 20 5 T (0 AF 26 36
SCOMEFE A A AR L R SO AR LR,
JE LSS T RO HEP 287 e 2 ORI DL K45 A AR
(7=
4.1 IREEEXE

0 TAETERCE 18 SCRAE B BURM 4 o SO
RO, 455 0] 4] 3] 1 5 1 SCERANE S B 2 [a] Y 26 R
S 8 GRAEF 3405 FU 5 26T 43 0 18 B Bt 32 2]
AT B HURAIE AT 23 R AL
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R3 ETHBHFENEXBNTEDHE

Kezsy = AH STk FEE
N _ A i i TS B BB AR 1) T e B 15 2 O EL A 7 P st 32 BR T R0, S B0z e bk
MRS 5 STk SCHk1,30,58~62] |
e
FETFLE CHk[2.63.64] AR TR ALA 07 R A SCHRAE R 2 A Rty
s SCHik(3,33,46,47,49,53, | B[] ) (1) A 7 45 F4 T ) ) K 56 9 IR E - (81, DA 2 50 SCRME A 1 1 0 R RS 18
“ 65~76] itk 15 SRR b T AL R 3 PR A SCRAE A AL U T e T T M
ERRESEER
HR P 1)) 14 38 A7 8 1 DA il B = e 4 - 1) 33 ) s A A AT Ay
SETFREMIEE | SCHRI34,77,79~87] | JSfo% 00 ST A 1) ASAR ™ BIR A T e 2 B AT A S5 4 B A 7 5 2R s 1 T [l 2%
) AR Y PR

mE 7 s, Zettlemoyer At NVHE RO I B SR 4
B U SO, A 3E A 1 () ) ) ] i B S #
JIT A AT B Y Y I, AR B8 0] 1 28 S RN 5 D) R A 7 2
B 1S BMEE TR SCRAE . Flan & 7 /1) 7] “ What states
border Texas?” H “states” B 1] HE X B 1) 44 18] “ 7, 0]
REXT Rz 1 By i) “ P I 24 1) “ N« Ax.state (x )" H 4L
BT % AR 2R N B 40, 5 iR R E
Jx.state (x), 2 2y i8] 5 W5 “ (S\NP)/NP: Ax. Jy. state (x,p )"
rp ) 28 5 (S\NP)/NP” A 2 1 RH I 1 28 4 A0, B
“state” 7 B4 ) A7 45— 24 T E (NP) |, B0 22 45
G . R T D ERR ] BEAEE 2
SMCRAEF B Z X0, B 20 A WU B A E 1, —
AR AR 2H B G SRR AT AR 2 i o L3R
fiF . Zettlemoyer %5 N 'VEFT 43 B B SR FH B2l v o BO0T
e v SCRAF AT .

What states border Texas
(S/(S\NP))/N N (S\NP)/NP NP
Migix f(x)ng(x)  Jx.state(x) Jx.Ay.border(x, y) texas
S/(S\NP) S\NP

Ag./x state(x)Ag(x) Jx.border(x,texas)

S
Ax.state(x) Aborder(x,texas)

Bl 7 A SR 2

J& 8 TAE 2B 34 8 i A7 et < (1) 23R
T A [ FR Ry 22035500 L i A 3 B ik
715 (2) M7 352 BT SC AU, Je ik R X F AR IE S
BT R 2A EA SIS, 35 TAE AR &
T B4 BRI 5 (3) 24 5 s A ) ) B4 T HE AT AR L Y
ATEA PR FEE K, 3R T AR 5 A TJCARIE (1 A 854, e
SRSy B e AT T4 )R] AR S5 R FE 2R
VT T B 208 SCRAE , AT R ARG AP AT M
4.2 HEXNESRE

SRR 2 SO R TR AR B B PR T B
e RGN R S A A R 12 AR A2 R L R

IR TARERI T e SRy b 3D SR A2 e e 1 L3R
fE @Mt PRI I T . XS TAER DLk — 2043 R 3
A, o0 R 3 F L (chart) B9 & T 5552 (transition) [
FIFE T BRI TS (template filling) [ .
4.2.1 ETF&EMA*

FEF LR K 7 TR AEACES B B S B i g
H R SCERAE , S [R) ) v ) i) o 5l e o R A T 3R] B
S I AR AR AR 5 X ka3 SRR
TG IERIAT o3 sRACGHA T I 8 | SR A2 L A 1
NFAE . A 8 iR, Berant 25 A2 LI A-DCSYE K HARIE
SCERAE T 5 R FHAS 38 G A 1) B 55 32 % 1) 1) “ Where
was Obama born?” H1 (14 45 /> 1] 15 L S5 2] Fr A5 7] BE 1Y —
Jeal ZItiB RIA K, WLk Obama " WL — T iR
ik 3 “BarackObama” , 3 7 Itk 44 2y [ 47 o » B [0 E dg 52
o, ¥ “born” MR HBF F T ooT # R ik U
“PeopleBornHere” , 2/ T 47 LA H A 1 56 58 AH % A 52 44
P A Rl o 7% 4 (join) | 38 X (intersection) | #f #%
(bridging ) &5 fa] HLERAEXHT B AN AN T2 A 4R 112 4
KR HFHATWMA S, E gL,
“BarackObama” fl1“PeopleBornHere” 1] i i 1 R VE 1S
F|— T2 48 # 1A5 “PeopleBornHere. BarackObama” , & 7
EL 7 o+ B EL g A b ] ) T 5 2 R O
A AT RERY L 5 - AT 4 I L

Jo 82 TAE F2E 2 A BESEA TRk - (1) M7 7 ik
BT 3 BREOR % TR ) ) 5518 SCERIE Y S5 40 22 5%, &R 43

Type.Location N PeopleBornHere.BarackObama

Intersection

Type.Location was  PeopleBornHere.BarackObama ?
Lexicon Join
Where BarackObama PeopleBornHere
Lexicon Lexicon
Obama born

El8 [A]%)“Where was Obama born?” (R fEAT Vi fi s 2512
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UL IF < T 16 R0 P [ 25 4 ) ) s SUA BT RIE S 2 3 2251

TR B R AT 4 R B, RN BB R i e 1 SCRAE
SRR FRTE T Il LS A ) 4] 5 4 A TR) 4] ) AR
FERFT 53 R RFAIE 5 (2) R 1 9820 S i 7 v 4 [ it
¥ AR 1) bR T AR B P A 5 AR, A T
PR A2 By B i) 1 2RS0T, AR T 23 s
YETE e R UE TR WA R X
HE R,

4.2.2 ETEBWAE

BT R I e T A R A AR
ARZS XS B Y Wi 1 SCRAE 72, DR T T $hAT 0458
PEAS B 0 BT A A e 18 CFRAE 8 3 4T 43 i3 , JE LB —
LI DR NANINTTE RN 2

%‘.B é} -j‘j‘ ?% 46,47,49,53,65~68 | ;i’é }EH iIIél: SL 6:}, *ﬁ (Semantic
analysis ) (I UK, SE R R E SO ARTEREBT T A (A &
SCHRAE SR BRLR) ) B rh (R 2, 0 oA 56 0 AR 2 4
FIRF, FR I SRR OC FR WL | P DL A A 4
PE B TR 2560 i 2 R e 7 18] |, 19 B e 20 Uk
fiE, QA AR (Y DR 2 4 3R GR K. PRI, 73K 28 AR,
AT PAT BB AL A 4 8 SCEE AT ARAE AT L B S
(BRSNS SN 7 NS UM S (Y S 2
TRV SCRAE , 4T 73 eRECHAT T 18 , AT 52 PR ZS 19 7%
B . B, Reddy % N 1 Je R FHAKAE AT Sy 1) ) A 1
T ICHR LAY AR, IR LRl S TOAR L 1 LI
4 (a) i AR | 385 B 2 ORI (contract )
PAE 5 EIT (expand ) #AE#E— 20 'S TOAR B MY 1E A,
T/ 254 2 S5 5 P30 0 SEARBEF L OC R R TEAR
BEE SR RS AR BRI O AR L 2R
V2 5 SR IS, SR G5 sk 30 P e A S
A, AT AS BT AR FE 18 L, an & 4 (o) B . Sl T AR
WRAEFATT A B 0 TOAR BT SCRAE i > TCAR BL53 , Hu
SN B u e B A G LRl O S N S RS
FR L SRR AR A 7)) 0 A ik T 235 R X TR o 879 o
17 3% 45 (connect) . 75 If (merge) | & HF (expand) . 7 &
(fold ) 75 3|1 SCAx 1) [&] , P ik P& D Fie B8 ok L 55 R
JE TS L, 3SR OO B e A A X HE A T T 2007 2
FH T At AT R BT B 45 58 5 R R A AR ROR
225, Sun % N SHEARAE AL MR FITE TR S0k
(skeleton grammar) X [ 5] FEAT g AT, #3059 SCH#:
PERE 3 I SCE A . SOk B BT 245 R — B 1)
R, HAT IR ) v 8 SOA B, 1 i 3RS SUAR B
Z IR RAF R AR .

2 BB [n) A 1 RVE SR 5 U T R R PR A5 1
FEAEE SR T b — A0 AR b s X, Yih 5 A2 4%
3 3o RN PR R o A LA Dy ) ) B 1 CERAE , O
FESCT B9 FrR i A ROIRES , 2 il e s I ¢ HA s
A T GRS, A OB RS, B A A2

WA B AT LS, B0k 4 FIORES , Yih % AP
T ARSI AR SR 4, 0 0 HE
A, IR BRB A, AR A, T, 4, VA2
PRBEHASTARL U H 5] A v B BT A 52 RO B 32 B R e
e VR e F RS A, BIFE TR PR rh e D ik 3=
FRSE A G ) — B B G R R AR A O i e A O
THEBREE | A% U BREE 1 AR U 17 A IR I 554, 5
A, B RS e I T A L A% O HE PRLBE 1 A2 R 2%
PFlCR A R B EFT 200 HE B BE, L3R Sh 145 21 4 et
PR PR R A R B A T 2

A, /A
OO oo by

9 R TOIRZSHRS (20 Pl A i A )

LI 6 fF 7 73] 4] “Who first voiced Meg on Family
Guy?” i, Yih % A9 Jfe 3 i 3 RS pc it 4 A, U3
IR RN ] "iﬁi“Family Guy” v “Meg Griffin”, 3f DL 18
3 e BB R ST A Ay SR, AW EGRE “Family Guy”
F RS, P8 2 A2 AR HIEE DL Family Guy” 2R3k
SR —BRECE PIBE G R AR A e A O, dn
“Family Guy, cast, 7y, actor, ?a), (Family Guy, genre, 7a)
G190 RO HEEREE E AT —Fe AL B RIIR
IR A RE A, LR M A, A5 LA (Family Guy,
cast, 7y, actor, 7a) i, [W]A] R BR T TR LA G HoAth
SEARAE Ry SEAR LY 3 A O HE AR T 0 AR Y R
B AL (7y, character, Meg Griffin ) 7 A i 5%
ZETEBC & A XA C R B2 A T ) A
BT “first” 3K —fe GO il kT HE)R EAE L
(7y, from, argmin) VE A IEZ RAERL & TAE I LR B [H]
XA B B2 UL, B 6 TR i A i ] e &
A

TEEAACE B B, JR 22 TAE EZ LU 24 e ek
HE 2 (1) Y75 Al Ak 3 0] m) 29 S A8/ 43 TAE
AL L TR AR 2SR T H A 2 BN 5 (2) 24 7y v BR A
RO HE PR A B, TO ik Il 2% Z2 Bk 0] ), 38 4 AR 1 8% 4k
LB TS R A 22 kAl BRATL IR, DA A 33 A 00 4 31
ilf T 14 22 Bk 56 FR ] g o070,

FEFT 530 e B B, Je 82 T AR 7 4T 43 ok 5 o)
AR AZ o 4 R 1 ) e 3ROR 115 Oy AT e, AT
PV 5] 4] 5 %00 P sl e o) T A AR Ry 3 1 10 O
I
4.2.3 ETHEBERHTE

B TR FE Ry T AR i 1) A 118 AF B BN
IR bt = o2 57 1R B A B A i AR A
IR AR ). X 8 TAE R 275 B HE 7T e 10 A i A
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R, P A 28 S AR 3B OC AR A 2 SR 70 B e e B AR
I FHAT 3 BR B8 WU 28

AN TR) 75 8 32 2 DX A T AR RO 3RS A 1) O X
LB v BRI g 2 AR B A AR AR . Gn
Unger %5 N7 e 56) [l A b A7 ) P s AR D B S, o e
St 9 BT A T A A B 2 A AT T Pythia ™ JR3ET
S LN TR DU A B 45 SR LS o SPARQL BEAR 5
Bast 25 A7 ECH 42 v L TR 40 H & 10 i/ 1) 3 il
TRARAE R BRAE , Horh e, Fil e, 1950 0] 0] v o B0 A1 552 £
B DLAF , m R LA R R AT .y N
KR A AL FF, 40 ] 4] “What company did Henry Ford
work for?” 7] LLKf EEELJﬁ»g';M?“Henry Ford” 4 2 Bk 19 — Bk
Fe RN — B, W (Henry Ford, birthdate, ¢) , BBk
K RIANGE A, 41 (Henry Ford, employment, m,
company, )", T BCA AN AR TR, DAt
B A BRAROR A B IOAE , 558 i A5 2 69 i A 3t A i)
1 18 B 1 (logistic regression) HI Bl AL ZF AR (random
forest)*ﬁﬂﬂi‘ﬁ?*TﬁﬁH%;Zheng%)\{gmﬁﬁﬂ%g/ﬁﬁ
I 4 v 8 A 9 TR Y SURE S AR S B L M3 T 12
G R A ARSI, JF AR 4 A TR) ) A ) 02 Ak T 4
DL R AL G eSS T AT AR I 5

|
I T
:

10 T SLIY 3 FsAR' ™

J B AR NBIE 4 b 1 Sl £ ) A A
AR B BC XS, 25 AE A (R /R IR e 5 A T)
)5 B B TR A AR B AL | A fige A 45 2R 22 1]
F18 B/ IS 2 B 4 R B B P R A [R5
VA i A [] AR AE R Xl A AR R, 1140, Abujabal
A NI SRR A T ) S 3 X O ) A AR ,
MR AL R, DA T ] B AT A B B v il 5 2R
Sy ) AR, ELUR L, Abujabal 55 A% 9 58 3 48 S5 4
il 2 10 B 5 ) ) T AT S5 TR 2 R 1 e/ TR 1
P 45 25 SRR R AR B S A Dy 7 o, A s D fk i
AR TR, P (R ) v A JL T R A B A AR b A TR
SO T S VPR 38 e SRR A R A R S ) A
I f 2 A TRV b AT I SO B 2 AR, IR T AT
F18 S PRI 5 28785 48 0 0oF 2 ) o (2 AR, AT 45 31 £ ) A5
5 6 1] 4] B A7 M) 5% G 12 R B A5 14 2 A Al
XIS B B3, A M AR v B4 52 45 S 4y ) P
R, H BE XTI 1) A ) v A SO 4R Rt e Sk G
F bR, A4S B0 ) BUREAR . 117 Cui 55 A B
R 1) 25 8030 e v g — R ] I ) ) SRR B SRR

591, R S ) AR . A L2, Cuid S8 1 A S B 52
B4k, 17 Abujabal % A 34U BEARAT 558 992 A1 .

SR B 2 v Tl Hh A A PR, 3B 43 T ek
FHAR Y A A5 F B 2 RE AR . 9140 Bhutani 25 A4
XiF 4 5 B ) A, )R B 5 R EF R 25 (augmented
pointer networks ) 4= A W B , #5348 15 CRAEF a0
o % 3% e RN AC SCERAE 20 5 R B A W SCRAIE , P38 2o
Yih 25 N3 0 vk ok A i aE SO AE T 3T I T AT
A2 IR . Ding 25 A KR Bt b i 2 i 18 1 Y
T RN 3 1R DG R R 5 A 1S B A TR A5
(query structure) , Jf- 7 2 1) 45 44 b — 25 43 i 45 21 ¢
W) F-454 (query substructure ) , X5 i A R] 47, 56 AP 22
D) 266 52 70 1) W 5 2 MR A 3 - 25 4, P R A ) 1
S RL AN [R) 7 2 G A RIS 5 A 7] 4] 7 DG AR
KR UL AL AS 2 A A AR SE 4L . Chen 25 AT
FE SC T A TR ) AR R, A ] S RAEAR ES ndE—
ESR W7 e 1Y TN IUE SO SN E ) T DR ERSE
APERER T S Z RIS IS —283% 0 O RH— A T
B SR A5 (1) A0 22 I 25 A5 | AR T 50l 2 >0 oy
A A B AT N7 () AR TR, [R) s 2 2] 5 — AT 43 bR
BOSEAR SS9 FS A A A TR A T HE Y O 22
4.3 IMNEGITiE

25 LTI  FO HEP 31X — 28 0 TR AE N B F2 X
ARG AN 7 T s — SRR S0 VN T Ly b b
BR BB R N ] S BRI AR RE A A5 1
eI CRAEF AR, X 7 4 B 14 58 45 Ve A AN 7]
HISEIA 5 55— IR AT BRI 20, B 3= 24 DA
N TR R i A B R B 2 eR A, Bl 4 R 2 2T R
Wik e B2 R 245 AR ER A 22 I 24577 e 2
27 TI GRS RO S R R A ) RO AR B2
KL AT o RS JE R RIEAS BBk 24

HezEHE P X 7 e F AR S (1) Ak
5w, R RS R YT RS B 0 Br A sk 4 A
T DA B 2 1 8 SCRAESZ AT EAT Y 5 (2) AT i Bk o
DKL A i BT 19 2o R AT 6 PR Y SCRAE - sl )R
AL T DA — 2 ST 3B W . (EA [ A9 B AR B 4 o J 3
RS TR) R AR A, T A SR A 0 ) AR AR ™
FaRE T B A RAE R S5 HE , BEA 1Y 7 o5 2 g 1 ] (e
) A S ALY B B A R A AR A Y O iz e
A 2% (HHG 1 TR i R ORI P B Ay
BALA LN R A IL BR T AS s B T
V0% 30 3 ) Y e S A I 2 AR R 5, A E 5
A IR S FI I 8 T 3 A ] A AR PR Y T 1, e
T M T S G B 2 i T ) BT RS 1Y T TR
Fez By B nl o H b B00 BR DL 5 T 2 2R ARy [R) 4], W]
TR
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UL IF < T 16 R0 P [ 25 4 ) ) s SUA BT RIE S 2 3 2253

5 ETHREMBNIE @A E

AR T2 B A T G A A i SO O . M
UM HE PP 207 RO S SR E A E SCAR BB
2t S PR 10 1) 595 R 2 T B - A S 25 A OB R ET
Fesi o] [ ARE S BN SCRAE R BT, b 4t 208 A
SR R) ) e 70 D AV 80 8 114 1) 2 30 i A i AR O
2 ) v 1 B4 ) g i B H AT SRR SCRAE . Ik 4

JIe 7, AR S B8 5 TR AE 1 4 0 OF BULA D5 1203
%;;s , ﬁ%”}%ﬁﬁ\iiﬁ[“'%“m5%1’%§5E[57'1()4~]%]. Eﬁ
AR B s A5 U AT 22 5, R s
{14 56 B 1 SCRAEAE MR Fp AT, X Ay sURE 2
SRBi B LA 5E B B9 SCRAE A bR 8O 5 J5 3 e fi i B
Be 5 iR e AT A B, AT 1 A GRBO P RIS 2R I
5 5 Ja 21 AR X AR5 30 T TN ZRB B A
LB N bR ) 55 Wi (weak supervision )37 5% .

R4 ETHBHEHOIEBTTEDE

A Wt EE A
U A TR/ R S R kA T
WAL H. K[43,88~97,99~103
ke i ] T B T S22
s 5101061 U A TR T S R 2
. ’ T Y B 5 T P T 0 28 2 [ 46 S0 S T3t

51 BRXE

R0 AR DU sl 28 Bl e 00 0 =X, B 0 SCRAE
PRyt A 0] ) FE A5 T O3 [B) A 1R 30, H7E i i o 4
B SCRAE S 5 AR RS A T3S T, 4 Jia S5 N SORH T3
T 2 I HLH] (attention mechanism ) ) Zhi 5 #5 - i i 2%
BEAY, Horp Gt 25 55 e A 24 2R FH AL IS 12 I 2% O
HLAE A 55 B Be R T 5 T 1 0 9 2 LT (copy
mechanism ) ¥ i A 7] 41] (9 52 4 2 S5 KR 45 R
L SRS AR R X AR R 2R A O 2 AT O
FRIX =7 AT T %
5.1.1 fE#RSIR5H

4> TAE % 3 LK S i M 45 R R i 4 58
fiff i g 30 LA 9 Ak SCAS Ay s DA AT 0 SCRAE
MY AEF A5 S, RO A A e HEAT 1 35 1 MR R L il an
Dong s A F 45 12 B 7% 75 2% (hierarchical tree de-
coder) , Nl 11 o, LA BE AR S 1 7 =X, #% 2 MR i
R E TR, P AEZ AR <>t N iR EM SR T
MRAEF R AT . R R T AR A 2R AR
Tt H </s> I 2107 J2 09 5B i 5 B R0 2 02
A <n> B R AE LR AT, RUAR J5 4 Bof () A 25 A Btk
A ] B AR T I S8 8 A TB ] R, AZE 1] 45 1)
T SURR BT A

Cheng % A" SR FH i it 22 4 9 O 0B i B
i i CRAE FunQL, A 5 25 £ - 5 110 12 M 2%
(stack-LSTM) , 3 Hix B T 2% ap X -k (buffer-stack ) , H:
T % i DA T A T ) ) ) i AR BLAE AR BRI L
FEF B 12 &7~ T 6] /A) “Who is Barack Obama’ s
eldest daughter?” A JE 20 1 FunQL 35 SCRAFE , B 111
RED=0 B |2 S| ot 1 % [ A = K L | 2 S | WK OR S e
PR, GHEY (argmax) s Z B AFELHG SEAR 5 AT G &R
PEFF . TEMRRGET , fnd g LLR BE O e i 7 20k Ak 1 1

lambda SO

INLST

>| NLST
NILST | &
NLST

_____________________

w2 w w w2

P 5 3 5 3
< £ £ <
[} )

_____________________

> i

el =) =] =10 =] =] =] =
e
CENENIEIE] VLEIE IR
L j K

:tlme
AENEAE
Rl
I B g I

FILL BT AR2 R AR AL AT o) )™

argmax

# N

relation-daughterOf relation-ageOf

entity-Barack Obama

[#112  [A)%)“Who is Barack Obama's eldest daughter?” i3 A

SRR B 1k T B AL 45 FunQL 9 3R 5 pRER L 214
AT R R AT AR T SEZE Y Reduce PREL. B
PRl 5 ffp B 5 i £ SR PR, DU R BTGV 1Y PR
AR ARZE LR s i O R LR B o LA U
T — 25 TN LA RO SRR A O 2R B 5 5 i T
Reduce PR, TUPRF HE A RPIR S 1) S AN BT 3 1 T 39045 2]
— A AR AR ], BT AT S A TR
{14 1) 2t 2 7 FH T 254 s 220 i A s PR IR S TR . % 18 3]
i SCRAE A7 AE 22 B0 8] 043, 2 55 N2 5 A i 2 43



2254 H, ¥

EE 2022 4

R 4 AT A R FH AR, 2 S R A A A ]
%
5.1.2 #mEK

R T TERRIS B BT A R SCRAE B ZE R 2R
PRAEAE BRI SCRIEAT G FLTE , 3850 TAEAS 5
T SCRAE TR 0 5 R 1 SCRAE SN IR A 781
sl AR R 1 SCRAE BT BB SR JP 81 . R
AT 3 e 2 R O XS i A B ) i 3 - B ki ok sl
ARG AT T 1L , I TT R DR BT A 3 A A BE 0T

Xiao %5 N335 454 b 18 SCRAE AT LA 5545
URAEA (derivation tree ) , P38 23 i /i Iy ] 15 2 H IR A4E
J¥ 4 (derivation sequence) , R I AR A= 7 1A A fif i 2%
) H b i, IR AR RSB B | AGE R 29 3, B M SR AN
A A G BRI 4 A8 3 T . 2 e 38 S 36 UL D B 41 1Y) 45
LR AT BEAEAE AL L Xiao 25 0K Sg 56 HL ) 2 1t 1 24
PR T O B sl 5 B A2 i S B 3R T A, SR SR TN
i YA AR DT 45508 0 L A %) 0 2 0T 2 50 Bk ) 1 0 Ut
B, B SE 008 4T 3 A (L L SR AR i 45 1) 408K
AT SRR At B A R R e I A N A i
IV 43 R AN TR] (0 1 R 2 1 P A it B8 XAk R
T SCHRIRAE YA, Rt o 2k A o SO, DT AR o
LRI

R T Lk AT A A O SO N g TAESR
FTE LR SIESE A AR TR AE 7 504 R H brfa . 11
U, Chen 25 N5 ST A B 361 18] 9 A B 45 A6 A i
b2 o th PN 2% B ARG S NS 49 50 AR S AT
SLAS IS B SN S SN R R | R B B
TSR RS Y FES o A i B R OGNSR
1 B i 16 SR AT LA 3t e 0 2 o L Yin SR 70 2
T R 7R A G IE W (abstract syntax tree) , J38 15 il
G205 R 18 F SC L (abstract syntax description lan-
guage grammar) " GE SCT ARG IR O SRS
AT A5 28 0] ] X6 107 A il G 1B R, LIS A Bl T A
ZEAE SCRAE, B AT 3 2h 1 19 3 [ 32 B h g2 i
B RTE TSR R BR ] . Cao 25 NP LATEFIE T KoPL
 BFRiE CRAE R P iR 5 Y 27 Fh A pR B8O
ASTEBHAE , DT 22 B R J0 2 A T B I S e A
[] A ) 2 A
5.1.3 fBHiRiE

7% SR G A At i SCRIE RS S8 5
A5 5 5 4 52 2 m) A 4 gk i Ry v SCRAE %) ¥ B2
K. T R AT RMERE 385 AR VR T g birin
Fi . B Z B B il SURRAIT | 4 S 1 st 380 o 174) e BT I
B W2 FAL5

— B TAEA A R) ) WS B R DR S R RE
A WS B e 20 SCRAE X WS T 55, RIS s s 1)

AJAE SR TR RS CAn JoAR BE A i SCRAE 1 RIEH
B PR R LT SCRAE . A0, Cheng %5 N5
FHARAS 28 A2 B TCAR FE 19 1 SCFRAE , P38 o 18] 71 e S
AR A AR FE R 1 SCERAE . J5 22 TAER S A T 0
i 36 8 A3 A TP RS . B4 Dong 25 A LA H bR i
SCRAF AR BE - 28R h RDEAS Sl il — 5 T
I I T2 IR 25 1) i e - A R 25 A B E A i SCRTE Y
FURLEE B 42, 138 3 — 20 m bt 2% - AR A , AR iy A 1) )
FURLRE BE B 28, A2 i H AR SCGRTE . X2t TR BE Y
HHZBA T — L BARGHY, QnAR & A SR 4 45 TR
1o B SCE BRI S SUE B X 40T, Lt 25471 g
FEAS TR R 2 A0 SCRAE . A L TCAR JE 18 3R
TIE R0 38 SCRAF - ALk 2 G5 /AL g rh [ 25, Cao 55
POV R 2 45 4 Ak B B v 4K 9] ) (canonical question)
YRR BB A, 55— B B o 4 il 2 - i S B ALK B
SR T )] 52 iR b AR IR) ) A iR 218 ST, 5
BB i 5y A 2 - i A LR A v Ak ) g e
SR EERA T CFRAE

T3 — R TTARAL S UG 0] 4] 9 il kg 1 1) 4] L1 [ 41
ST L I0) ] S BT 45 SR A 5 R e AR A X = AT 55
0, Zhang 25 N\ T =B BLAIE ST 55— B
Bk i A 52 4% [R) n) it i Sk 224 i B[] ) 5 By
B MR 54 7)) 55 5 [R) /] 1) G Bt ot ) B ) ) v T 2
SRR PE DG FR 5 55 = B SR T I 4 [a) 4] L ) 4] |
A R BIRA  AS ZTE SURAE . Guo % N
T TR g, 26 A A R g i B R R B, 32 He A
BT B 12 Bt Sy — 385318 SORAE s B e T A 1)
r 6] i BT 25 SRR A A R B T SURAE , DA [ AR A5
TR T 52 A ) ) M
5.2 #RKx%E

SR T G b R R R R R A R B S L A
TARFEfRAT R R o 5 AR RS B S TARFEf#
fith B B 32 2 4t 2B BORE S 1 SCRAE T B SR Ty
A1), I 38 2 51 5 0 D0 5 B B 4 > R AT S AR S A A
FB AH R RS B0 TARM L, X35 TAERETE S
TR AR AE T i) 2ok A rh A T o SCRAE 2R B b ]
g5, N 4E 55 221 XA, JFE— D AR A R =
). 3% 2 TARAEATE T BEA I 28 A7 X AR A7 v B) 25 4L . 4]
U0 Liang s N O B 22255 HL (Neural Symbolic Ma-
chine, NSM) , 7F Zit it % - i 65 2 B AU 9 6l b, 386 im0 1
HE LI (key-variable memory ) R PR SRS H 45
UL R ity ) v S e HR B b AT 25 2R
YE R G 21 oo i, [R) B AE M B B AT L
FAEM F B A IEYER A, 76 551 I 20 24 SR A i) 25 1) 1)
HLYE B, DT A O A R 9 o B AT A Y HL T AT Y
T SURIE.
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UL IF < T 16 R0 P [ 25 4 ) ) s SUA BT RIE S 2 3 2255

2 S E Y [T TAE @ Y pRECEAE A B, mT 4 35 0]
AR SZ R J R T AR 10100 B R T i S 8 v 1k
PR R B, DN B8 7 5 T 22 25T iy ) ), A7 500
Xof 1) A1) 20 A3 18 SO 5 2t . Hid ) Ansari 25 N1 E X
T 3B AVEN 5 A sR AR T AR R P i 2
HITE SCRAE : FEAR R HE AR P A (RS2 C &R |
F5I) GEAEE ST (R A R 21T ) (Al
BEAET(IES B TARES) 554 sREERAE
SVERFAFEZER e TT A3 8IS A R E s AL
{8 . Saha %5 A FE IR A E T R AR R 5L
AR B 20 4 pRBCERVEAT , 3 KIS L9 /N AL
RY . FEFRAT L AR v B DL 2 0 BROBOIR SR R i
TR (R RS AR U8 21 A0 A8 R A 22 A b o o 452 1 2
PRAS R TUAS SRR AR R A AR A 1 R
B AT AR R 2 T g RS AR AT,
e 2 A R B TR SURAIE

ST B MR R NS R A B Qiu G
D) A A I T SCRAE AR R TP A = e g R R
KRN RS 535, 532 KR AR ZE 5 (ba-
sic) JFAEF I (union) EUH L (filter) EUEHEIT (or-
dinal) R A (aggregation) , I 7E A7 B B Bt ok 2 AL A
T, TO0J2 fidf R % 32 4 A i 174) T 4 A0 214 5 2 9 Pl e
FrA i = o B 28, 2 A A AR 4l 2k 2 1 28, 1
ARAFRS AR R ) = e, BR e PR Y A A i e i 1
W TivE e S S U IRy | B =
5.3 INE5itig

25 LTI 45 5 1 Jr vk R R R
SCRAE A A st A8 3207 3 P ASTE TN A2 2%
B SCEE RN, 3 1 SCFRAE AR B X R 35 . (1 A
B its ZE AR UEAE B 1 SCRAEAF A A0, P b ax 207 1k
FEAE 5 LA R L R i A 2 B0 [R] 4 R 5k 35 S 50 5
B0 5 AR R FF OGS BRI SCRAE B ik
WL F , 4 B AT 4 DR A BRI SCRAE BS54 15 B 5 5
ANFBRE A, B — A g p SR Al 5 — 2 A7 & R
T A - B

[ A, SR () 38 AL SE i SURRATT I Z5 5 . 5
WAL H TR AE R B B SR AR e 08 R IE R 5
HURPERE B — IR 13 B AE . BRI T8
AN ABSE X T A B — 2 RS ), T AR (1) 423
SEAAR B G FRAE R A5 5 1R R AR RO AN T T I
RS Al R AR, JF Bl TR 0 A SR G 2R, 52
RN Z [0 AT R ASAHIE | B B 2018 SURAE AT
ZEIRNTBE S L kA B L O v BRI A i T
B AH R BE IR P AR Xy [ 2528 48 5 0
22U I, FRAR T8 R 25 (8] . MGE 35 1 BE 40 AT
PAYRAZ O 7 AR B S N R ) 2, 9

Ho 258 B i SCRALVE AR , AR BR T AL
ey, (R R AE I 25 5 I B BER HUak AR Y 7 96 B
T R0 5 T AR S L A8 D v R X B P 1 RIS R
)25, I EL AT LR DA 85 G A 5 i B DIl

6 RFFEF= THEERA

T SR B R 8 I R A A M A i A s 1 R dl
Horp R0y TARTT BEoE B 1 1] A - SCRAEXHE i
F T, 03— ER o TR SRV U R 1 B A S A D 5
WEHE S . BT R AT W 7 3, BT BB bR 4T
3 BEARTE N SR R P B A PR T S ] , R Bl
SRAN AR T B BOARTE A , ARl R AR TR A AR B =2 A AR ¢
U5 M B4 Bl , A RN iy ST AR . e
AL 3] 52 3 S TE A — . AR SCHE X — 1 73 Sl A K3l
BRI AN AL E] P T5 T A 21 0 A 24
6.1 HHRIXZN

AR SR Bl 9 759k 2 o 3R — i i )
AT FEAR BB ROV AL, EDAR R 4 5 02 T A
i AT, IR I AN G B S0 R B B (semi-
supervised ) J7 2 I 25 1 19 [ 4] A= BB A= ol H AR B
[R5, Ry SCRRAT RS B BRI 2Rt | sl A e AR T
F14 ) ] 2 (A6 205 Ak BT S 8, R A O B A S B A5
AT AT 2505 5 MR e o R AR SR IR B KR
T30, R BRI B RE KA AR AR AR R A
ARG 25 5, TG il I 2R 4R PR AR 23 A1 A8 149 4 1 B
G5 5 =AU A UG AR HOAR R HAt S ) T
o 28 2 e, DA 52 SR B IR 37 5 1 3 S A 1
BV .
6.1.1 [EaHFE

Jia 55 NS YN ZRAE T4 th R B bR SO 06 30k
(synchronous context-free grammar) , 1] Fi IS 44 t 18 SC 7%
Az BTN ZRiE R T U R A8 . (ELIX A T 449k
Sh T} ) v B S R R sl TR 20 | [R] 1] 4] ) HEAth 2 ik
TETE b Z ST, DR A= B TR) ) 2 HE B A — B
IR S T AR AT TR U ] ), Wang 55 A7 A
B AE L TR A AL P, DS 5] ) 5238t 3 4
SR IR R 4R P20 A AT S 2

B TR T2 2 20 T8 SO A iU 2 B L I 28
ARSI 2 100 445 11 ) ) 2 RS SR i)
AR ) D g AT 2, AT BE AR 3R P 5545 11 B
15 53— AME SRR BHE S . i, Koeisky 5 A1
BT T A FE TR T 12 R 265 1) 44 8 4% - ik ) 405 25
T, S — A 60 F AR AR 3R A B3 SCRAE RS 1 F AR
T A 58 AN H S AR A AR TE T ) A
T SCRAE AR JH 4 (autoencoders ) FEZY , JF:
A bR I A7) -1 SCRAER AN TG 3 (9 T L FRAE



2256 H, ¥

EE 2022 4

(] e MR 25 S A S, S A A T SO 5 A e A 1Y
i A B[R] A X N RS 2 0 H AR A R AR
SCFRAE 3 B0 N T AR (1 ERAE, 55 Z A~ da i 28 1 i
A S — A A 05 L oA T B SR [R) A AR R () )
BT X AT 45 22 18]l SR B 3520 T A0 10015 | A
XA 2 ST HE SR K AT 55 1 XA A A Sy 461 2 R B 1Y
E DU B8 5 AT 55 (R 22 il 7

AN N T A 3 18 SCRAEAE B IR) ) 25 fif pir
T, Yin 25 N7 B B2 A0 bR i A Tn) A 4 (3L 45 e
FEAY, IF NPT A BEPEAN AT 45 8, o0 S I 2Rt )
] A R B A DA AT 45 A EE A S LR (a4, DA A
B &5 S 2 15 MO T35 SCFRAE 19 S8 56 0 A iz S 5 o A
P 2 TR S IC A 45 1) 1 5 A TR
6.1.2 [E A ERH

FEHE AR A 45 2 2 AR )R AR 2 T i R % U R
BE , BVECHE S O RIS B [R) ) A AR 43 A 25 57, 3B 4 2
R REARTE I 2R B EAR D

G Xt i3 — R, 40 T AR R Y ) g SRR 1Y
J7E B A v R 5 K AR AR sl SR AR AR AL Y
BRI 2538 A MR T R B A )5 s B 4R L Bl
PR AFESEAT IR, 3K 22 IR BN [ [l ) A Rk 22 55 5
AT 25 BURXEFH — 18 SCAR AT Y 3 B AN ) 28
R IR ) . B, Lu 2 N T —ANEIZ AT T
TRAF B AR 0 Fr i B 76 38 21 Z i I 2R W
o B R E AT A R 1 AR AT AR S Mg A7 h 4R
FIAFARL A 1) A 25 47 38 I PRI 25, 1530 i B A 7R ] L) 410
BIZBAMNEAR . TIEREA R DR 2E R i
USSR SR, Hua 28 A" H F G2 2 (meta learn-
ing) Ay A ()] 7E 5580 A v - FRARRUIR] A7), B X6 1 b 2l
AEBARGEA , WEARALS R
6.1.3 FuHER

2 8B R I A ) 28 0 2 5 e X AR, 5 43
T AR R S B B A e A 5T Y TR A
YL, T ¢ B G R 7 5T i SRR BT AR T Y
Yk . X TAE 322255 8 R A [a] 4503k 114 () A {7 TR
AR G BRI (RISEAAR C R ) AT X1, 78 ) A F2 4 2
F b A i 2 A, PR A 00 9 1 DG 3 i TR AR an ey
TR )47 S ORGSR L. SR, FRAR R) A AR Z5 A 1)
HUR AT LLEFRS , (H )0 B AR TH 2 AR A5 e A LR
P OB AL B, R o0 T AR G i W AEAR IR S 52
S TR J2EAH S TR A B

FEIE RS ) A1) FARGE R AR |, Herzig 45 N 42 H
o T /) v 55 4 e TR R O A R Y R A Ry o 6 4, 3
TV SFRATR LR e R TR) A g BT Sk i SR AE A dh
GBIV SRR BT AR TR ] 3 e S Ath 4503k 1) SR )
AR R AT YN, 58 B IR) ) AR S5 4 518 SCERAE

SE P Z A I G FR A HIRITE RS

AE AR S RNE M g -, Herzig 2 NSO ) A
DR 8 J TR PR A S AR S A 1t OC R I A B G iy e v
o o7 AR, PR R & SR B 3T 4 sR A EA T .
T AT AR S SR WS R 0P FE , Chen 45 O Y
JE T B B 2 W A o HE SR A TR e a2 > O3k B ok
R FH R SCAR LIRS 8 5 ke 2 > 1)1 2 [R] (1)
AEARURE , I 48 2 FH T AR 00 (51, 422 35 FH R R ARk
A vive S S R B RE= 25 s A T M
6.2 AHLHE

MBI ] B8 D 3270 X i A A TR A i b o
) BERK, H AR TE N B BRI Y Y S ABHE S, A B R) A
il Ay B RAE A S, TT Z2 R IR s T k=
BRI A [ . X2 TAE R B O E H BF — SRR
PEHE, RO AN 4% B B AR A5 38 A2 5 b i N DL REAS , AT
REREI > TR PR B A VR, )REA S R B PR R 5 5
TRt Sy 2 BN SRS 1 0998 507 2, AT R AR
WA T8 A

TEREA BB |, Tyer 25 N7/ H Abujabal 2 A0
FELE 1 07 FH 3 3] 04 2 O 22 s Ni 2 N T T 4T
SrEREL CRE IR TR B RN 2R = AR
X BRSO AR AR A 7 0 2

FEFE G 07 3L Tyer B AN RKE 26 1 R FH B B 2R T
MR B G A A LR bR e N, B Rt 5e %
T8 LR AEARTE 5 Abujabal 25 A 98 ) 22 Ay 3 T
MR 7 3 e NN il I A5 31— Tm) 25 A
AL IR — A a) ) - A BN B, >4 A R Y TR) ) A A
IF, S He 12 n) 4] 5 P2 v [ ) () ARCFF g A A, 45 A BE DL
B, DU DA — > AFARLE B2 S o K0 DA P28 rh A A5 3 /0 2 A
ABLIR] ), I X6 107 1) 2 TR ABE A 349 S 461 Ak S A 100 1R AR
RAFEZE K ARRLY 0] 4] 5 28 2 24 ml 25 =, 4%
JRH R AR TR AR Ry B T S R 2 AR R A R R A 1 2
>, B ) g - AR 5 Ni 2 N UOUR F 2 e kAR Y
J7 2, B UGEARET, SE I Zhit SRR BT AT 2R I8l 4R
S K AT 53 eREH e 0 AR AR AT 45 AR T N DL, R4S X
7 1 SCRAE B 2R DT R IR 2 b 1 EL A i SCERAE
Y BEAS
6.3 NEHITE

MBI 50T BT SOBAT 5 12k 35 22 AR 9K 2 Fl
AHLEHEXPIAN T3 ] A TR AR . FEER 3K S Jr ) |, 30
A ARG SN ) )4 58 | i) ) 51 SR A LA K T 7% 3
=ANAEEE . TERA AR A R A A
90 A SO BRI 5 S ) ) A A SRS 7Y Sy fige AT 5 70
B = w B 0 I SRR 5 4 AR A i AR Y
J7 O N T 3 A ABE AR B) ) AT 52 A, DA R EH 28
T A, 5 YRS SR i Ty AL 7R R) ) E R A
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UL IF < T 16 R0 P [ 25 4 ) ) s SUA BT RIE S 2 3 2257

BT, A 7 A i T ) FE R AR B Sy 24 i
FEARBE I IR A o A, DT 22 ffk 2B 8 P R AR S0 Al A
A, A A TR A A T I R 05 R 5 14 195 0 5 7 St
RS BT J7 ik BE 2555 18 3 el 1 72 A [7] Sk
T {rg et R, S P A AT AR A SRS BE T 1Y
U T T AL ] 4 75 725 K i R4 TS 2
AE AR 4R (L 20 b N 51, AR A0 S 15 B T 468 0 2
B

X PANTT 1 AT DU, A EE AL R 70k, Kt
YR 3 B 7 vk A SEAR 91 e e A ) ) A R R 4
Tl I i 5 A6 TR, B L T Ay e A A 2R ik R 1|
SRR (RS SRR (9 B AS A KL ] 0 7 3k, Ak
RARTHAT REBA AMLIM R YTk 25 I, 7T 4]
U R BRI, mT o o Rt 3R Sl (4 5 A AT i 5 e
T 2 BRI ey, ST 22 o o s B A, T o i
PNGINCIGESppr syl I EE

7 KRFKEE

L bR A o] DAE S AT ) R () 25 1)
R C 2B — R EAT SR AR WA TR
(] A A E AR AN G ) Ty 1]
7.1 SBEERMAIINSE—IEXRIE

H TSt A B MRS 26 G5 M 4% S HLEORT
T, B — e LU 55 T P AR B oK A T
12223 8 B T i SCA Sl BRI 28 Tr) AR g e L (HL
RIHARBEA A H K EL e g5tk AES5 4k
WL R RGBT PRI A X B TR
PR A RS S R R A RO S JE LG —R)
W SCRAE AT FR R R, 0] DA S AE A RIS il
ZER RN B AT B ] A R R
7.2 SREAIREEZERRIE BT

TESebRIg b, P AR 48— R T 2K
$Ein) A 2R b, B () ) g o B Rk
WS RFEARATE E R S BB AS TE A BT R
TR TG 325 v Aff R g 1) /) )3 SC . BT TR R
XTIy 58 v 2 A B 1 SCFRAE 45 B X ) 2k [R) a)
B FRAE A7 40 4, DAL I G o AR i XT38 IR S A8 H S 1
SCRAE B2 (0] g OCHK B o W 98 A . T AR IR
EAGFEARA R OU T, %5 B ZR A0 4 30 B Ok 9 1 SUAF
SR BAE N () A Bk 2 B P 38 P RO ok B A A
WER.
7.3 MHREREHIENEITERANSEGE

I B SRR BT T AR R OR IR B 5 2 A (]
TR 2 2 BBV R oA S R AN TR U . ATk
TESCAS ) i PR A b R A S R PR T R 15 310G , 228
Ko 28 ZE R R 0 SCAS I A W 55, DT 8 5[] 225 45 76 g 470

Vi fig I A R 1) 2 AT B T BB A
JEAS LY (I £ B A, B R 2 i ) A o Y R X i
SCREAT B IR , F2 B AL 46— 1) 22 30 DR R A T J
TR BB Ay BT | T S SRR X R )
AR b B R B 5T DI AE ) 2 S BURIRUZE (R 25 &
Gk MR G HE .
7.4 FIRE[EE HiE T EE AR BRI 2
YT AT SRR MO R SR 7R I 2R B0 784y
BT O8N #EAT ISR, DX 35 AR AR T Rdls 2 58 B il
MR AT e AW 58 (B R [R) 24 3R G 9%
P 28 R T [ o A I, B Z A e . PR T
SR T R ) A S B SR A A A 7 A0 8 R 3 A1 3R
 # H P UG 7% B AL R 5 AN AR 5
5, 1 R Z X P k- ORI — s PR, LR
WA B {5 B, 38 TR 7 AR 5 e SO AT LAY
PEAT AR AT S A R B0 2 RBEIRT H AR Sk
BT SO AT RY ) TN 2555

8 Hi

ey =HA

TE [is) 1R 28 R 25 B 1 SCRR AT B ACRE AR 5 TR )
Wi S5 Sy TS AIL AT B2 A4 45 R Al T URAE , 2 S B ABLAS
R EEFE . X HOR AT 2w 3P 25
S QIR R 5 3 T CRAE IR AU LA Gk ) ) 93 5,
Jn e fige A 150 41 1) 52 2% s SO A R AR NE B9 1 SCRRAE , LA
L ] RO X S A P R AR T BUAR R Y R D
P B Z BRI . A SO 1 R R R 2 v A T S
RALMRE S AR K5 BB 7 kI F B85 0
AnAey o7 %o [ R 9 52 23 S0, G A 41 T AT T A AR AR
TEROE B = iR B I 3 T 22k, i n IR e
T o) VR () 25 A SCARATT B9 AR A S D7 1]

S Sk

[1] ZETTLEMOYER L S, COLLINS M. Learning to map sen-
tences to logical form: Structured classification with proba-
bilistic categorial grammars[C]//Proceedings of the Twen-
ty-First Conference on Uncertainty in Artificial Intelli-
gence. Edinburgh: AUAI Press, 2005: 658-666.

[2] BERANT J, CHOU A, FROSTIG R, et al. Semantic pars-
ing on freebase from question-answer pairs[C]//Proceed-
ings of the 2013 Conference on Empirical Methods in Nat-
ural Language Processing. Stroudsburg: Association for
Computational Linguistics, 2013: 1533-1544.

[3] YIHW T, CHANG M W, HE X D, et al. Semantic parsing
via staged query graph generation: Question answering
with knowledge base[C]//Proceedings of the 53rd Annual

Meeting of the Association for Computational Linguistics



2258 H, ¥

g
==

il 2022 4F

[10]

[11]

and the 7th International Joint Conference on Natural Lan-
guage Processing. Beijing: Association for Computational
Linguistics, 2015: 1321-1331.
BORDES A, CHOPRA S, WESTON J. Question answer-
ing with subgraph embeddings[C]//Proceedings of the
2014 Conference on Empirical Methods in Natural Lan-
guage Processing(EMNLP). Doha: Association for Compu-
tational Linguistics, 2014: 615-620.
DONG L, WEI F R, ZHOU M, et al. Question answering
over freebase with multi-column convolutional neural net-
works[C]//Proceedings of the 53rd Annual Meeting of the
Association for Computational Linguistics and the 7th In-
ternational Joint Conference on Natural Language Process-
ing. Beijing: Association for Computational Linguistics,
2015: 260-269.
MILLER A, FISCH A, DODGE J, et al. Key-value memo-
ry networks for directly reading documents[C]//Proceed-
ings of the 2016 Conference on Empirical Methods in Nat-
ural Language Processing. Austin: Association for Compu-
tational Linguistics, 2016: 1400-1409.
GREEN B F, WOLF A K, CHOMSKY C, et al. Baseball:
An automatic question-answerer[C]//IRE-AIEE-ACM’ 61
(Western): western joint IRE-AIEE-ACM computer confer-
ence. Los Angeles: ACM, 1961: 219-224.
HOFFNER K, WALTER S, MARX E, et al. Survey on
challenges of question answering in the semantic web[J].
Semantic Web, 2017, 8(6): 895-920.
DIEFENBACH D, LOPEZ V, SINGH K, et al. Core tech-
niques of question answering systems over knowledge bas-
es: A survey[J]. Knowledge and Information Systems,
2018, 55(3): 529-569.
WU P Y, ZHANG X W, FENG Z Y. A survey of ques-
tion answering over knowledge base[C]//China Confer-
ence on Knowledge Graph and Semantic Computing.
Hangzhou: Springer, 2019: 86-97.
LAN Y S, HE G L, JIANG J H, et al. A survey on com-
plex knowledge base question answering: Methods, chal-
lenges and solutions[C]//Proceedings of the Thirtieth In-
ternational Joint Conference on Artificial Intelligence:
Survey Track. Montreal: International Joint Conferences
on Artificial Intelligence Organization, 2021: 4483-4491.
MILLER G A. WordNet: A lexical database for English
[J]. Communications of the ACM, 1995, 38(11): 39-41.
AUER S, BIZER C, KOBILAROV G, et al. DBpedia: A
Nucleus for a Web of Open Data[M]//The Semantic Web.
Berlin, Heidelberg: Springer Berlin Heidelberg, 2007:

[14]

[20]

[21]

(23]

722-735.

BOLLACKER K, EVANS C, PARITOSH P, et al. Free-
base: A collaboratively created graph database for struc-
turing human knowledge[C]//Proceedings of the 2008
ACM SIGMOD international conference on Management
of data. Vancouver: ACM, 2008: 1247-1250.
VRANDECIC D, KROTZSCH M. Wikidata: A free col-
laborative knowledgebase[J]. Communications of the
ACM, 2014, 57(10): 78-85.

CHURCH A. A set of postulates for the foundation of log-
ic[J]. The Annals of Mathematics, 1932, 33(2): 346-366.
CARPENTER B. Type-logical Semantics[M].
bridge: MIT Press, 1997.

HARRIS S, SEABORNE A, PRUD’ HOMMEAUX E.
SPARQL 1.1 query language[J]. W3C recommendation,
2013, 21(10): 778.

XU K, REDDY S, FENG Y S, et al. Question answering
on freebase via relation extraction and textual evidence
[C]//Proceedings of the 54th Annual Meeting of the Asso-
ciation for Computational Linguistics. Berlin: Association
for Computational Linguistics, 2016: 2326-2336.

HAO Y C, ZHANG Y Z, LIU K, et al. An end-to-end

model for question answering over knowledge base with

Cam-

cross-attention combining global knowledge[C]//Proceed-
ings of the 55th Annual Meeting of the Association for
Computational Linguistics. Vancouve: Association for
Computational Linguistics, 2017: 221-231.

YIN W, YU M, XIANG B, et al. Simple question answer-
ing by attentive convolutional neural network[C]//Pro-
ceedings of COLING 2016, the 26th International Confer-
ence on Computational Linguistics. Osaka: The COLING
2016 Organizing Committee, 2016: 1746-1756.

SUN H T, DHINGRA B, ZAHEER M, et al. Open do-
main question answering using early fusion of knowledge
bases and text[C]//Proceedings of the 2018 Conference
on Empirical Methods in Natural Language Processing.
Brussels: Association for Computational Linguistics,
2018: 4231-4242.

SUN H T, BEDRAX-WEISS T, COHEN W. PullNet:
Open domain question answering with iterative retrieval
on knowledge bases and text[C]//Proceedings of the 2019
Conference on Empirical Methods in Natural Language
Processing and the 9th International Joint Conference on
Natural Language Processing(EMNLP-IJCNLP). Hong
Kong: Association for Computational Linguistics, 2019:
2380-2390.



%09 M UL IF < T 16 R0 P [ 25 4 ) ) s SUA BT RIE S 2 3 2259

[24] HOCHREITER S, SCHMIDHUBER J. Long short-term [34] ABUJABAL A, YAHYA M, RIEDEWALD M, et al. Au-
memory[J]. Neural Computation, 1997, 9(8): 1735-1780. tomated template generation for question answering over

[25] ZHOU M, HUANG M, ZHU X. An interpretable reason- knowledge graphs[C]//Proceedings of the 26th Interna-
ing network for multi-relation question answering[C]// tional Conference on World Wide Web. Perth: Interna-
Proceedings of the 27th International Conference on Com- tional World Wide Web Conferences Steering Commit-
putational Linguistics. Santa Fe: Association for Compu- tee, 2017: 1191-1200.
tational Linguistics, 2018: 2010-2022. [35] SAHA A, PAHUJA V, KHAPRA M, et al. Complex se-

[26] QIU Y Q, WANG Y Z, JIN X L, et al. Stepwise reason- quential question answering: Towards learning to con-
ing for multi-relation question answering over knowledge verse over linked question answer pairs with a knowledge
graph with weak supervision[C]//Proceedings of the 13th graph[C]//Proceedings of the AAAI Conference on Artifi-
International Conference on Web Search and Data Min- cial Intelligence. New Orleans: AAAI Press, 2018, 32(1):
ing. Houston: ACM, 2020: 474-482. 705-713.

[27] HEG L, LAN Y S, JIANG J, et al. Improving multi-hop [36] SU Y, SUN H, SADLER B, et al. On generating charac-
knowledge base question answering by learning interme- teristic-rich question sets for QA evaluation[C]//Proceed-
diate supervision signals[C]//Proceedings of the 14th ings of the 2016 Conference on Empirical Methods in
ACM International Conference on Web Search and Data Natural Language Processing. Austin: Association for
Mining. New York: ACM, 2021: 553-561. Computational Linguistics, 2016: 562-572.

[28] SHIJ X, CAO S L, HOU L, et al. TransferNet: An effec- [37] SERBAN I V, GARCIA-DURAN A, GULCEHRE C, et
tive and transparent framework for multi-hop question an- al. Generating factoid questions with recurrent neural net-
swering over relation graph[C]//Proceedings of the 2021 works: The 30M factoid question-answer corpus[C]//Pro-
Conference on Empirical Methods in Natural Language ceedings of the 54th Annual Meeting of the Association
Processing. Punta Cana: Association for Computational for Computational Linguistics(Volume 1: Long Papers).
Linguistics, 2021: 4149-4158. Berlin: Association for Computational Linguistics, 2016:

[29] DAHL D A, BATES M, BROWN M, et al. Expanding 588-598.
the scope of the ATIS task: The ATIS-3 corpus[C]//Pro- [38] KEYSERS D, SCHARLI N, SCALES N, et al. Measur-
ceedings of the workshop on Human Language Technolo- ing compositional generalization: A comprehensive meth-
gy. Plainsboro: ACM, 1994: 43-48. od on realistic datalEB/OL]. (2019-12-20) [2022-03-01].

[30] CAI Q Q, YATES A. Large-scale semantic parsing via https://arxiv.org/abs/1912.09713.
schema matching and lexicon extension[C]//ACL 2013- [39] GU Y, KASE S E, VANNI M, et al. Beyond I.1.D.: Three
Proceedings of the 51st Annual Meeting of the Associa- levels of generalization for question answering on knowl-
tion for Computational Linguistics. Bulgaria: Association edge bases[C]//Proceedings of the Web Conference 2021.
for Computational Linguistics, 2013: 423-433. Ljubljana: ACM, 2021: 3477-3488.

[31] BORDES A, USUNIER N, CHOPRA S, et al. Large- [40] TALMOR A, BERANT J. The web as a knowledge-base
scale simple question answering with memory networks for answering complex questions[C]//Proceedings of the
[EB/OL].(2015-06-05)[2022-03-01]. https: //arxiv.org/abs/ 2018 Conference of the North American Chapter of the
1506.02075. Association for Computational Linguistics: Human Lan-

[32] YIH W T, RICHARDSON M, MEEK C, et al. The value guage Technologies. New Orleans: Association for Com-
of semantic parse labeling for knowledge base question putational Linguistics, 2018: 641-651.
answering[C]//Proceedings of the 54th Annual Meeting of [41] TRIVEDI P, MAHESHWARI G, DUBEY M, et al. LC-
the Association for Computational Linguistics. Berlin: As- QuAD: A corpus for complex question answering over
sociation for Computational Linguistics, 2016: 201-206. knowledge graphs[C]//International Semantic Web Con-

[33] BAO J, DUAN N, YAN Z, et al. Constraint-based ques- ference. Vienna: Springer, 2017: 210-218.

tion answering with knowledge graph[C]//Proceedings of
COLING 2016, the 26th International Conference on
Computational Linguistics: Technical Papers. Osaka: The
COLING 2016 Organizing Committee, 2016: 2503-2514.

[42]

DUBEY M, BANERIJEE D, ABDELKAWI A, et al. LC-
QuAD 2.0: A Large dataset for complex question answer-
ing over Wikidata and DBpedia[C]//International Seman-
tic Web Conference. Auckland: Springer, 2019: 69-78.



2260 i, I = R 2022 4
[43] CAOSL,SHIJ X, PAN L M, et al. KQA pro: A dataset [55] MCCARTHY J. Recursive functions of symbolic expres-

[44]

[45]

[47]

[49]

[50]

[51]

[52]

(53]

[54]

with explicit compositional programs for complex ques-
tion answering over knowledge base[C]//Proceedings of
the 60th Annual Meeting of the Association for Computa-
tional Linguistics. Dublin: Association for Computational
Linguistics, 2022: 6101-6119.

ZHANG Y Y, DAI H J, KOZAREVA Z, et al. Variation-
al reasoning for question answering with knowledge graph
[C]//Proceedings of the AAAI Conference on Artificial
Intelligence. New Orleans: AAAI Press, 2018: 6069-6076.
LIANG P. Lambda dependency-based compositional se-
mantics[EB/OL]. (2013-09-17)[2022-03-01]. arXiv: 1309.
4408. https://arxiv.org/abs/1309.4408.

REDDY S, LAPATA M, STEEDMAN M. Large-scale
semantic parsing without question-answer pairs[J]. Trans-
actions of the Association for Computational Linguistics,
2014, 2: 377-392.

ZOU L, HUANG R Z, WANG H X, et al. Natural lan-
guage question answering over RDF: A graph data driven
approach[C]//Proceedings of the 2014 ACM SIGMOD In-
ternational Conference on Management of Data. Snow-
bird: ACM, 2014: 313-324.

BANARESCU L, BONIAL C, CAI S, et al. Abstract
meaning representation for sembanking[C]//Proceedings
of the 7th Linguistic Annotation Workshop and Interoper-
ability with Discourse. Sofia: Association for Computa-
tional Linguistics, 2020: 178-186.

REDDY S, TACKSTROM O, COLLINS M, et al. Trans-
forming dependency structures to logical forms for se-
mantic parsing[J]. Transactions of the Association for
Computational Linguistics, 2016, 4: 127-140.
STEEDMAN M. Surface Structure and Interpretation[M].
Cambridge: MIT Press, 1996.

STEEDMAN M. The Syntactic Process|[M]. Cambridge:
MIT Press, 2000.

PALMER M, GILDEA D, KINGSBURY P. The proposi-
tion bank: An annotated corpus of semantic roles[J]. Com-
putational Linguistics, 2005, 31(1): 71-106.
MIHINDUKULASOORIYA N, ROSSIELLO G, KAPA-
NIPATHI P, et al. Leveraging semantic parsing for rela-
tion linking over knowledge bases[C]//Lecture Notes in
Computer Science. Athens: Springer, 2020: 402-419.
COLMERAUER A, ROUSSEL P. The birth of prolog
[C]//The second ACM SIGPLAN conference on History
of programming languages. Cambridge: ACM, 1993:
37-52.

[58]

[59]

[60]

L61]

[62]

[64]

sions and their computation by machine, Part I[J]. Com-
munications of the ACM, 1960, 3(4): 184-195.

KATE R J, WAH Y, RAYMOND W, et al. Learning to
transform natural to formal languages[C]//Proceedings of
AAAI Conference on Artificial Intelligence. Pittsburgh:
AAAI Press, 2005: 1062-1068.

SAHA A, ANSARI G A, LADDHA A, et al. Complex
program induction for querying knowledge bases in the
absence of gold programs|[J]. Transactions of the Associa-
tion for Computational Linguistics, 2019, 7: 185-200.
KWIATKOWSKI T, ZETTLEMOYER L, GOLDWA-
TER S, et al. Inducing probabilistic CCG grammars from
logical form with higher-order unification[C]//Proceed-
ings of the 2010 Conference on Empirical Methods in
Natural Language Processing. Cambridge: Association
for Computational Linguistics, 2010: 1223-1233.
KWIATKOWSKI T, ZETTLEMOYER L, GOLDWA-
TER S, et al. Lexical generalization in CCG grammar in-
duction for semantic parsing[C]//Proceedings of the Con-
ference on Empirical Methods in Natural Language Pro-
cessing. Edinburgh: Association for Computational Lin-
guistics, 2011: 1512-1523.

WANG A, KWIATKOWSKI T, ZETTLEMOYER L.
Morpho-syntactic lexical generalization for CCG seman-
tic parsing[C]//Proceedings of 2014 Conference on Em-
pirical Methods in Natural Language Processing. Doha:
Association for Computational Linguistics, 2014: 1284-
1295.

ZETTLEMOYER L S, COLLINS M. Online learning of
relaxed CCG grammars for parsing to logical form[C]/
Proceedings of the 2007 Joint Conference on Empirical
Methods in Natural Language Processing and Computa-
Language Learning(EMNLP-CoNLL).
Prague: Association for Computational Linguistics, 2007:
678-687.

KWIATKOWSKI T, CHOI E, ARTZI Y, et al. Scaling

semantic parsers with on-the-fly ontology matching[C]//

tional Natural

Proceedings of the 2013 Conference on Empirical Meth-
ods in Natural Language Processing. Seattle: Association
for Computational Linguistics, 2013: 1545-1556.
BERANT J, LIANG P. Semantic parsing via paraphrasing
[C]//Proceedings of the 52nd Annual Meeting of the As-
sociation for Computational Linguistics. Baltimore: Asso-
ciation for Computational Linguistics, 2014: 1415-1425.
BERANT J, LIANG P. Imitation learning of agenda-



%09 M UL IF < T 16 R0 P [ 25 4 ) ) s SUA BT RIE S 2 3 2261
based semantic parsers[J]. Transactions of the Associa- answering[C]//Proceedings of the 27th International Con-
tion for Computational Linguistics, 2015, 3: 545-558. ference on Computational Linguistics. Santa Fe: Associa-

[65] KAPANIPATHI P, ABDELAZIZ I, RAVISHANKAR S, tion for Computational Linguistics, 2018: 3306-3317.
et al. Leveraging abstract meaning representation for [74] ZAFAR H, NAPOLITANO G, LEHMANN J. Formal
knowledge base question answering[C]//Findings of the query generation for question answering over knowledge
Association for Computational Linguistics: ACL-IJCNLP bases[C]//European Semantic Web Conference. Herak-
2021. Punta Cana: Association for Computational Lin- lion: Springer, 2018: 714-728.
guistics, 2021: 3884-3894. [75] MAHESHWARI G, TRIVEDI P, LUKOVNIKOV D, et

[66] HU S, ZOU L, YU J X, et al. Answering natural language al. Learning to rank query graphs for complex question
questions by subgraph matching over knowledge graphs answering over knowledge graphs[C]//International Se-
[J]. IEEE Transactions on Knowledge and Data Engineer- mantic Web Conference. Auckland: Springer, 2019:
ing, 2017, 30(5): 824-837. 487-504.

[67] HU S, ZOU L, ZHANG X B. A state-transition frame- [76] ZHU S G, CHENG X, SU S. Knowledge-based question
work to answer complex questions over knowledge base answering by tree-to-sequence learning[J]. Neurocomput-
[C]//Proceedings of the 2018 Conference on Empirical ing, 2020, 372: 64-72.

Methods in Natural Language Processing. Brussels: Asso- [77] UNGER C, BUHMANN L, LEHMANN ], et al. Tem-
ciation for Computational Linguistics, 2018: 2098-2108. plate-based question answering over RDF data[C]//Pro-

[68] SUN Y W, ZHANG L L, CHENG G, et al. SPARQA: ceedings of the 21st International Conference on World
Skeleton-based semantic parsing for complex questions Wide Web. Lyon: ACM, 2012: 639-648.
over knowledge bases[C]//Proceedings of the AAAI Con- [78] UNGER C, CIMIANO P. Pythia: Compositional meaning
ference on Artificial Intelligence. New York: AAAI construction for ontology-based question answering on
Press, 2020, 34(5): 8952-8959. the semantic web[C]//International Conference on Appli-

[69] CHEN Z Y, CHANG C H, CHEN Y P, et al. UHop: an cation of Natural Language to Information Systems. Ali-
unrestricted-hop relation extraction framework for knowl- cante: Springer, 2011: 153-160.
edge-based question answering[C]//Proceedings of the [79] BAST H, HAUSSMANN E. More accurate question an-
2019 Conference of the North American Chapter of the swering on freebase[C]//Proceedings of the 24th ACM In-
Association for Computational Linguistics: Human Lan- ternational on Conference on Information and Knowledge
guage Technologies. Minneapolis: Association for Com- Management. Melbourne: ACM, 2015: 1431-1440.
putational Linguistics, 2019: 345-356. [80] ZHENG W G, ZHANG M. Automated query graph gen-

[70] LAN Y S, JIANG J. Query graph generation for answer- eration for querying knowledge graphs[C]//Proceedings
ing multi-hop complex questions from knowledge bases of the 30th ACM International Conference on Informa-
[C]//Proceedings of the 58th Annual Meeting of the Asso- tion & Knowledge Management. New York: ACM, 2021:
ciation for Computational Linguistics. Stroudsburg: Asso- 2698-2707.
ciation for Computational Linguistics, 2020: 969-974. [81] ABUJABAL A, SAHA ROY R, YAHYA M, et al.

[71] YUM, YIN W P, HASAN K S, et al. Improved neural re- QUINT: Interpretable question answering over knowl-
lation detection for knowledge base question answering edge bases[C]//Proceedings of the 2017 Conference on
[C]//Proceedings of the 55th Annual Meeting of the Asso- Empirical Methods in Natural Language Processing: Sys-
ciation for Computational Linguistics. Vancouver: Asso- tem Demonstrations. Copenhagen: Association for Com-
ciation for Computational Linguistics, 2017: 571-581. putational Linguistics, 2017: 61-66.

[72] LUO K Q, LIN F L, LUO X S, et al. Knowledge base [82] ZHENG W G, ZOU L, LIAN X, et al. How to build tem-
question answering via encoding of complex query graphs plates for RDF question/answering: An uncertain graph
[C]//Proceedings of the 2018 Conference on Empirical similarity join approach[C]//Proceedings of the 2015
Methods in Natural Language Processing. Brussels: Asso- ACM SIGMOD International Conference on Manage-
ciation for Computational Linguistics, 2018: 2185-2194. ment of Data. Melbourne: ACM, 2015: 1809-1824.

[73] SOROKIN D, GUREVYCH I. Modeling semantics with [83] ZHENG W G, ZOU L, PENG W, et al. Semantic SPAR-

gated graph neural networks for knowledge base question

QL similarity search over RDF knowledge graphs[J]. Pro-



2262 H, +

il 2022 4F

[84]

[85]

[86]

[89]

[90]

[91]

[93]

ceedings of the VLDB Endowment, 2016, 9(11): 840-851.
CUIW Y, XIAO Y H, WANG H X, et al. KBQA: Learn-
ing question answering over QA corpora and knowledge
bases[J]. Proceedings of the VLDB Endowment, 2017, 10
(5): 565-576.

BHUTANI N, ZHENG X Y, JAGADISH H V. Learning
to answer complex questions over knowledge bases with
query composition[C]//Proceedings of the 28th ACM In-
ternational Conference on Information and Knowledge
Management. Beijing: ACM, 2019: 739-748.

DING J W, HU W, XU Q X, et al. Leveraging frequent
query substructures to generate formal queries for com-
plex question answering[C]//Proceedings of the 2019
Conference on Empirical Methods in Natural Language
Processing and the 9th International Joint Conference on
Natural Language Processing(EMNLP-IJCNLP). Hong
Kong: Association for Computational Linguistics, 2019:
2614-2622.

CHEN Y R,LIH Y, HUA Y C, et al. Formal query build-
ing with query structure prediction for complex question
answering over knowledge base[C]//Proceedings of the
Twenty-Ninth International Joint Conference on Artificial
Intelligence. Yokohama: ACM, 2021: 3751-3758.

JIA R, LIANG P. Data recombination for neural semantic
parsing[C]//Proceedings of the 54th Annual Meeting of
the Association for Computational Linguistics. Berlin: As-
sociation for Computational Linguistics, 2016: 12-22.
DONG L, LAPATA M. Language to logical form with
neural attention[C]//Proceedings of the 54th Annual Meet-
ing of the Association for Computational Linguistics. Ber-
lin: Association for Computational Linguistics, 2016:
33-43.

CHENG J P, LAPATA M. Weakly-supervised neural se-
mantic parsing with a generative ranker[C]//Proceedings
of the 22nd Conference on Computational Natural Lan-
guage Learning. Brussels: Association for Computational
Linguistics, 2018: 356-367.

CHENG J P, REDDY S, SARASWAT V, et al. Learning
an executable neural semantic parser[EB/OL]. (2017-11-
14)[2022-03-01]. https://arxiv.org/abs/1711.05066.

B, B, Bar ), A —FMRET R A I AT A
WORTHL[T]. L F24 40, 2020, 48(4): 763-771.

LI Q, ZHONG J, LI L L, et al. Semantic parsing graph
query model for on-demand aggregation[J]. Acta Elec-
tronica Sinica, 2020, 48(4): 763-771. (in Chinese)

XIAO C Y, DYMETMAN M, GARDENT C. Sequence-

[94]

[96]

[97]

[98]

[99]

based structured prediction for semantic parsing[C]//Pro-
ceedings of the 54th Annual Meeting of the Association
for Computational Linguistics. Berlin: Association for
Computational Linguistics, 2016: 1341-1350.

XIAO C Y, DYMETMAN M, GARDENT C. Symbolic
priors for RNN-based semantic parsing[C]//Proceedings
of the Twenty-Sixth International Joint Conference on Ar-
tificial Intelligence. Melbourne: International Joint Con-
ferences on Artificial Intelligence Organization, 2017:
4186-4192.

T AT, BASC, TR AR, 55 . G2S: AR TR U AR
()& SURHT ). #7241z, 2021, 49(6): 1132-1141.
GAO L J, ZHAO W, ZHANG J F, et al. G2S: Semantic
segment based semantic parsing for question answering
over knowledge graph[J]. Acta Electronica Sinica, 2021,
49(6): 1132-1141. (in Chinese)

CHEN B, SUN L, HAN X P. Sequence-to-action: End-to-
end semantic graph generation for semantic parsing[C]//
Proceedings of the 56th Annual Meeting of the Associa-
tion for Computational Linguistics. Melbourne: Associa-
tion for Computational Linguistics, 2018: 766-777.

YIN P C, ZHOU C T, HE J X, et al. StructVAE: Tree-
structured latent variable models for semi-supervised se-
mantic parsing[C]//Proceedings of the 56th Annual Meet-
ing of the Association for Computational Linguistics.
Melbourne: Association for Computational Linguistics,
2018: 754-765.

WANG D C, APPEL A W, KORN J L, et al. The Zephyr
abstract syntax description language[C]//Proceedings of
the Conference on Domain-Specific Languages on Con-
ference on Domain-Specific Languages(DSL). Santa Bar-
bara California: USENIX Association, 1997: 17.

CHENG ] P, REDDY S, SARASWAT V, et al. Learning
structured natural language representations for semantic
parsing[C]//Proceedings of the 55th Annual Meeting of
the Association for Computational Linguistics. Vancou-
ver: Association for Computational Linguistics, 2017:
44-55.

[100] DONG L, LAPATA M. Coarse-to-fine decoding for neu-

ral semantic parsing[C]//Proceedings of the 56th Annual
Meeting of the Association for Computational Linguis-
tics. Melbourne: Association for Computational Linguis-

tics, 2018: 731-742.

[101] CAORS,ZHU S, YANG C Y, et al. Unsupervised dual

paraphrasing for two-stage semantic parsing[C]//Pro-



o9 1

UL IF < T 16 R0 P [ 25 4 ) ) s SUA BT RIE S 2 3

2263

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

ceedings of the 58th Annual Meeting of the Association
for Computational Linguistics. Stroudsburg: Association
for Computational Linguistics, 2020: 6806-6817.
ZHANG HY, CAIJJ, XU J J, et al. Complex question
decomposition for semantic parsing[C]//Proceedings of
the 57th Annual Meeting of the Association for Compu-
tational Linguistics. Florence: Association for Computa-
tional Linguistics, 2019: 4477-4486.

GUO Y, LIN Z, LOU J G, et al. Iterative utterance seg-
mentation for neural semantic parsing[C]//Proceedings
of the AAAI Conference on Artificial Intelligence. Men-
lo Park: AAAI Press, 2021, 35(14): 12937-12945.
LIANG C, BERANT J, LE Q, et al. Neural symbolic ma-
chines: Learning semantic parsers on freebase with
weak supervision[C]//Proceedings of the 55th Annual
Meeting of the Association for Computational Linguis-
tics. Vancouver: Association for Computational Linguis-
tics, 2017: 23-33.

ANSARI G A, SAHA A, KUMAR V, et al. Neural pro-
gram induction for KBQA without gold programs or
query annotations[C]//Proceedings of the Twenty-Eighth
International Joint Conference on Artificial Intelligence.
Macao: International Joint Conferences on Artificial In-
telligence Organization, 2019: 4890-4896.

QIU Y Q, ZHANG K, WANG Y Z, et al. Hierarchical
query graph generation for complex question answering
over knowledge graph[C]//Proceedings of the 29th
ACM International Conference on Information &
Knowledge Management. New York: ACM, 2020: 1285-
1294.

WANG Y S, BERANT J, LIANG P. Building a seman-
tic parser overnight[C]//Proceedings of the 53rd Annual
Meeting of the Association for Computational Linguis-
tics and the 7th International Joint Conference on Natu-
ral Language Processing. Beijing: Association for Com-
putational Linguistics, 2015: 1332-1342.

KOCISKY T, MELIS G, GREFENSTETTE E, et al. Se-
mantic parsing with semi-supervised sequential autoen-
coders[C]//Proceedings of the 2016 Conference on Em-
pirical Methods in Natural Language Processing. Aus-
tin: Association for Computational Linguistics, 2016:
1078-1087.

HU S, ZOU L, ZHU Z X. How question generation can
help question answering over knowledge base[C]/CCF

International Conference on Natural Language Process-

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

ing and Chinese Computing. Dunhuang: Springer, 2019:
80-92.

CAO R S, ZHU S, LIU C, et al. Semantic parsing with
dual learning[C]//Proceedings of the 57th Annual Meet-
ing of the Association for Computational Linguistics.
Florence: Association for Computational Linguistics,
2019: 51-64.

YE H, LI W J, WANG L. Jointly learning semantic pars-
er and natural language generator via dual information
maximization[C]//Proceedings of the 57th Annual Meet-
ing of the Association for Computational Linguistics.
Florence: Association for Computational Linguistics,
2019: 2090-2101.

LU Z C, ARABSHAHI F, LABUTOV 1, et al. Look-up
and adapt: A one-shot semantic parser[C]//Proceedings
of the 2019 Conference on Empirical Methods in Natu-
ral Language Processing and the 9th International Joint
Conference on Natural Language Processing(EMNLP-
IJCNLP). Hong Kong: Association for Computational
Linguistics, 2019: 1129-1139.

HUA Y C, LI Y F, HAFFARI G, et al. Retrieve, pro-
gram, repeat: Complex knowledge base question answer-
ing via alternate meta-learning[C]//Proceedings of the
Twenty-Ninth International Joint Conference on Artifi-
cial Intelligence. Yokohama: International Joint Confer-
ences on Artificial Intelligence Organization, 2021: 3679-
3686.

HUA Y C, LI Y F, HAFFARI G, et al. Few-shot com-
plex knowledge base question answering via meta rein-
forcement learning[C]//Proceedings of the 2020 Confer-
ence on Empirical Methods in Natural Language Pro-
cessing(EMNLP). Menlo Park: Association for Compu-
tational Linguistics, 2020: 5827-5837.

HERZIG J, BERANT J. Decoupling structure and lexi-
con for zero-shot semantic parsing[C]//Proceedings of
the 2018 Conference on Empirical Methods in Natural
Language Processing. Brussels: Association for Compu-
tational Linguistics, 2018: 1619-1629.

CHEN B, AN B, SUN L, et al. Semi-supervised lexicon
learning for wide-coverage semantic parsing[C]//Pro-
ceedings of the 27th International Conference on Com-
putational Linguistics. Santa Fe: Association for Compu-
tational Linguistics, 2018: 892-904.

IYER S, KONSTAS I, CHEUNG A, et al. Learning a

neural semantic parser from user feedback[C]//Proceed-



2264 H, ¥

il

2022 4F

[118]

[119]

[120]

[121]

[122]

[123]

ings of the 55th Annual Meeting of the Association for
Computational Linguistics. Vancouver: Association for
Computational Linguistics, 2017: 963-973.

ABUJABAL A, ROY R S, YAHYA M, et al. Never-
ending learning for open-domain question answering
over knowledge bases[C]//Proceedings of the 2018
World Wide Web Conference. Lyon: ACM, 2018: 1053-
1062.

NI A S, YIN P C, NEUBIG G. Merging weak and active
supervision for semantic parsing[C]//Proceedings of the
AAAI Conference on Artificial Intelligence. New York:
AAAI Press, 2020, 34(5): 8536-8543.

SUHR A, IYER S, ARTZI Y. Learning to map context-
dependent sentences to executable formal queries[C]/
Proceedings of the 2018 Conference of the North Ameri-
can Chapter of the Association for Computational Lin-
guistics: Human Language Technologies. New Orleans:
Association for Computational Linguistics, 2018: 2238-
2249.

GUO D Y, TANG D Y, DUAN N, et al. Dialog-to-ac-
tion: Conversational question answering over a large-
scale knowledge base[C]//Proceedings of the 32nd Inter-
national Conference on Neural Information Processing
Systems. Montréal: Curran Associates Inc., 2018: 2946-
2955.

JIA R, LIANG P. Adversarial examples for evaluating
reading comprehension systems[C]//Proceedings of the
2017 Conference on Empirical Methods in Natural Lan-
guage Processing. Copenhagen: Association for Compu-
tational Linguistics, 2017: 2021-2031.

LIU K, LIU X, YANG A, et al. A robust adversarial
training approach to machine reading comprehension
[Cl//Proceedings of the AAAI Conference on Artificial
Intelligence. New York: AAAI Press, 2020, 34(5): 8392-
8400.

EEEN

BB 5, 1994 S A P E BB
FAEORBITE b LA S A . T A A
PUREIAE (i ST .

E-mail: qiuyunqil9b@ict.ac.cn

EXECGEREE) B, 19784 A4 . i
+ . P EBRE R AR IS 5L A
I S N & 0 P S 78 N e X 1 S )
BTN €10 2 T B/ 51 AN i N el 37
TR

E-mail: wangyuanzhuo@ict.ac.cn

B & 519934k, hERERTE
BRI BT 05 . RS TT 1) R
Pl 2 R T80
E-mail: bailongl8b@ict.ac.cn

FER Lo, 19824 A4 . i+ rhEFLE
e 5 H AR RS BT i 2 T ARV, A 0.
L s I 3 e < NN L 2] 11 o

E-mail: yinzhiyi@ict.ac.cn

e B 19824E IR L R
et FEHARBTTE BT IE 51, (L2 0,
AE R G 0 AT . EERTIETT [y W 45 4
e K TN R A R

E-mail: shenhuawei@ict.ac.cn

B @ H,19564E A it P ERE
BETH 3 AR5 IriF o 61, 1242 S0, e AR
T A PR T E RS

E-mail: bshuo@sina.cn



