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Abstract

Semantic parsing over natural language is one of the most challenging directions in the
field of natural language processing. It aims to build intelligent machines that can parse natural
language questions from users into formal programs, and perform complex downstream tasks.
On the one hand, semantic parsing is a major milestone on the road to understanding human
language, and therefore has significant research value. On the other hand, semantic parsing
allows users without any programming background to accomplish complex tasks with natural
language, and thus has significant commercial value. However, program annotation in semantic
parsing requires a lot of human and financial resources, which hinders the development of se-
mantic parsing at scale, so it is necessary to carry out research on methods for semantic parsing
over natural language under weak annotation. Weak annotation implies a weakening of both
data quantity and data quality, which presents a great challenge for the research of semantic
parsing. When the data quantity is relatively weak, the model faces the challenges of small pro-
gram scale and small domain variety. When the data quality is relatively weak, the model faces

the challenges of weal answer annotation and difficult conversation annotation construction.

Focusing on the fundamental topics of semantic parsing, we study and review the related
works and research trends. And aiming at the challenging problems of small-scale program
annotation, small-variety domain annotation, weak supervision of answer annotation and the
difficulties of conversation annotation, we propose improving the program-oriented composi-
tional generalization capabilities, improving the knowledge-base domain generalization capa-
bilities, improving the performance of answer-driven semantic parsing model under weak super-
vision, and rapidly building conversational semantic parsing systems under semi-supervision.

The main contributions of this dissertation are summarized as follows.

1. For the difficulty of small-scale program annotation, to enhance the compositional gen-
eralization ability of semantic parsing, we propose a memory-augmented neural model, which
understand natural language sentences iteratively. The model consists of a Composer module
for finding local spans of natural language, a Solver module for parsing natural language spans
into program spans and a Memory module for storing variable values. These three modules co-
operate to obtain the programs corresponding to natural language sentences. To address model

optimization and alleviate the problem of reward sparsity, we propose to employ the hierarchical
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reinforcement learning algorithm and the curriculum learning training strategy. Experiments on
a typical compositional generalization benchmark show that our model effectively solves all the
compositional generalization challenges proposed by previous work, with an accuracy of 100%
on all test sets. The model is also the first neural approach that solves all previously proposed

compositional generalization challenges.

2. For the difficulty of small-variety domain annotations, in order to enhance the gener-
alization ability of semantic parsing models towards knowledge base domains, we propose a
method which trains an entity linking model by erasing words in natural language sentences
and a framework which combines entity linking with semantic parsing models. Without any
extra labeling effort, our method can automatically generate pseudo-labels with the help of
pre-training language models and semantic parsing datasets, and these pseudo-labels can be
employed to learn an entity linking model. Regarding entity linking results as the prior, the
decoder inside the semantic parser can generate programs more easily. Experimental results on
four entity linking datasets show that the entity linking model using pseudo-labels as supervi-
sion outperforms baseline model by a large margin, achieving a performance improvement of
7.2%. Experimental results on two semantic parsing datasets for domain generalization show
that our method can be flexibly applied to existing semantic parsers and significantly improve

their domain generalization capabilities, achieving an absolute improvement of up to 9.8%.

3. For the difficulty of weak answer annotation, in order to enhance the model performance
under weak supervision, we propose to first employ generative language models to generate an-
swers for natural language questions, and then perform execution-guided pre-training. Different
from the general pre-training methods which require crawling data from the Internet, our pre-
training corpus can be synthesized automatically, thus allowing for both large scale and high
quality. Experiments on three weakly supervised semantic parsing datasets show that the gen-
erative language model can effectively cope with the weakly supervised semantic parsing task
when the task data is relatively large, achieving comparable performance to baselines. Addi-
tionally, the execution-guided pre-training method can boost the performance of the generative
model significantly when the task data is relatively small, achieving an absolute improvement of
up to 19.5%. Finally, our method achieves state-of-the-art results on all experimental datasets

and can even be comparable with the baseline model under strong supervision.

4. For the difficulty of conversation annotations, in order to enhance the model perfor-

mance under semi-supervision, we propose to decouple conversational semantic parsing into

v



two sub-tasks: conversation rewriting and single-round semantic parsing, which enables us
to leverage existing single-round semantic parsing datasets. Furthermore, we collect the first
conversation rewriting dataset for semantic parsing, FollowUp, which consists of 1, 000 conver-
sations across 120 tables. To better accomplish the task of conversation rewriting, we propose
a conversation rewriting method based on split-and-recombine, to better utilize the conversa-
tion flow by directly editing it. Experiments on the FollowUp dataset show that the conversa-
tion rewriting task is feasible for driving semi-supervised conversational semantic parsing, and
the split-and-recombine approach can perform better than all baselines on improving seman-
tic parsing. Finally, the conversational semantic parsing model trained by our method under

semi-supervision can achieve 65% of the performance of full supervision.

Key words: Semantic Parsing, Weakly Supervised Semantic Parsing, Conversational Se-

mantic Parsing, Compositional Generalization, Domain Generalization
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1.2 ERIMARIENIR

MRAEARBARRITE T 5, B H A RO OB A, A SCIRAE SN Rr 2, R
T DX Eh 1 55 M E R SURT, B SR IXBl I 55 MBI SO Asx 3 238 SURAT =7 i T

'https://www.wolframalpha.com/
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Google | ammceomit X & Q
Q2 OHE DES QB OWE E3 I8

$E£9 27,900,000 RER (RS 0.44 75)
aI I EBRTE

A AR 1]
FNKIR- BZ5%€
2015 10 2 B-

FFIREERT

aﬁﬁm-&g@a 9 nE RS g-'" FETAEE | > . ! = J

https://zh.wikipedia.org » zh-hans +

R _ Y47 (LS

Bik R EER, SHNENSS FNKIR-BZ5R <
2015F H{FGoogle AT TRIFES R, 201951253 (FAlphabet CEO, BR. 1... ATEENTE

https://baike.baidu.com > item + R INARIIE, AREANRFE AL EXR,
FAR REFE EEER SUFINAIR RS, RERREFE, E—NEERKR

WEETENIREB, Google ATEREZIEA, BB
EAndroid#Bi ], Chromei 15Google Appsii JHIE
REIEE. 2015FHECoogle AT EFEHUTEFRES
K., HEEER

FIAR &R (Sundar Pichai) , 19728 HAETENE, SIRENEIT-Kharagpuriit24z, HitE
BAFMERL. BYERIAFRMBZREMBA, SIAR KEFT2004FMANEH

http://abcexchange.io » articles » investing » look-sund... ¥

N PR —ea sz, R 1972966 8108 (49%), EIED
HEATERITERAR FEP? - Abcexchange HEERR: 1972205108 (40 2), BE=AN

. B =5
How did Sundar Pichai rise from poverty to become CEO of Google, the largest search company
in the world? BB REWRER

HEER: RYEBIAFRMAEEE (2000 F-

http://www.sohu.com > ... 2002 ), ®BS
X HSRHAENENHILRAEREH? XREHERS—F Fx: TETKER, WEESFE
20175108130 — 29, {HEAMCEORAR KR (Sundar Pichai, PERAFRZ 18 REB: BLWEKEER, HRER RE
A . BREME—EFERE, 13FAHASTE, HRIERS IR A

http://www.sohu.com> ... ¥

A5 | AMCEORIARZ IR _SIAR KREF - FHRIMKN

B3 ESURHTER R 51 K E S 5= M

RERIR

AT I 5 2087
1.2.1 FEFIRENAYSE MEENE W iRt

R P B 14 5 B 1 ST & e 22 M ) SURRAITAE 55 B0, A1 £ BB SR A
RAZRF P J5 T A 2R Fr 9l (10 98 B SORRBIT IARER M AR . ok, Wb Eda
TE SR — BRI R T TR SR . R B A 5i MBS T8 ST o

HX RS

SR SO B0 ST 2 BR B T BIVHR I ZR A i A 1Y R AE [R5 1) 45142 (Do-
main) &, XAEHL T /AU B G S 2 BASCHE — N8 SCR T 85 177 ) - 1996 4, Zelle
EBVERH T Geoquery Ba%E, 1B UENTIRE MM BHREZ —. PAl—A /N6 E H 2
R PR N 5t 28R —3RUEE 1 880 A i) H ARG & A0 M) FunQL #2 ¥ « GEo-
QUERY 4R 2 (R & FE M BRI, 1), Je R B2 BT 738 S th 1 LAt R e S i S
PrE g, Fodr B AL A RE AR TAE U Joss ZdE SR, BRE AERAT S 1T SR 40U )
ATIS (Air Travel Information System, MiZiRIT(E B RS0 FdEE &,



AA B

F—E 4w

1 OverniGHT EHEEF 7 NS X MK BHARE S HEE18

JusE BRES 5

Show me meetings after the weekly standup day
it HRPUTERE A RELNEF
Select the brick that is to the furthest left

ik RBFR LA L

Housing that is 800 square feet or bigger

#iF: 800 F 7 FR KL KES

What restaurant can you eat lunch outside at
i AT ARAE T AESN R LR R

2R (Publications) Who has co-authored articles with Efron

it pERPE—REFILF

When did alice start attending brown university
#iF: WL AREFTFAE LB KT
How many fouls were played by Kobe Bryant in 2004
#it: AL R EAE 2004 FH 5 0 RRA

H 5 (Calendar)

255 (Blocks)

f£)5 (Housing)

2T (Restaurants)

#= (Social)

TEBK (Basketball)

B o BN QI ) A R N B9 SR PR, DAL IL J SR FRIAH 56 AR AE M) i A a s SR IS T 4R 2%
JEZANIIE . 2013 4, Cai %51 $2H T Freeo 17 MR, & UAE I ZRAE SURATIR AL il
A7 ZAIREE . Fre917 B EE— LS 917 AN HRTE S MBI M A-5R1K
i, 7% | Freebase ARZEH 20U HEZEHRE D) FRSEHARE SR, KB
S B HIER) AN AL A — N SR, — /M A /2 “What genre of music is B12?” (7
B12 BAH-AFRBMIF KO- 2015 4F, Wang S5 ] FEE UL B AR sl A P R I E 2R
EE TR, HAEEIR (Paraphrase) HARIES T MME 7 —MEiGE 7 AR SR
PIEHR 5 OVERNIGHT, #5506 BRI ILER 1. X THEBIAE 7 W0 type.housingUnit
N area. > .800 KL, WFAENI2E % BN ER—A1EEFHEIEE ARG B RIE
= I “housing unit whose size is at least 800 square feet.” (F#¥: MHIZE/>HN 800 “F 55
REMEREIT , AAME R ERES ENRA L “Housing that is 800 square feet or
bigger?” (F#iE: 800 “FHEREFE RIMERE). 2k, OvernicaT N E MEFARERM
B 10,000 (1) 2 s ST 25 5

HIRBR R AR R C 4 /NG AU, 1B OverNigrT M1 EART RS SCREAT 80 2 —F¢
PIPRIIEPR € 3 5t T I8 SO IXFESBUR— DR E T, AR LR EUIZRM
VB SCIR BT A AR SEZ A 2587 A B8R o 9140, =4 I SR EE 2 R SR S A 4 K 8 S

4
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Easy

What is the number of cars with more than 4 cylinders?
SELECT COUNT (*)

FROM cars_data

WHERE cylinders > 4

Meidum

For each stadium, how many concerts are there?

SELECT T2.name, COUNT (*)

FROM concert AS Tl JOIN stadium AS T2
ON Tl.stadium id = T2.stadium id
GROUP BY Tl.stadium id

Hard

Which countries in Europe have at least 3 car
manufacturers?

SELECT T1l.country name

FROM countries AS Tl JOIN continents
AS T2 ON Tl.continent = T2.cont id
JOIN car_makers AS T3 ON
Tl.country id = T3.country

WHERE T2.continent = 'Europe'

GROUP BY Tl.country name

HAVING COUNT (*) >= 3

Extra Hard

What is the average life expectancy in the countries
where English is not the official language?

SELECT AVG(life expectancy)

FROM country

WHERE name NOT IN
(SELECT T1.name
FROM country AS T1l JOIN
country language AS T2
ON Tl.code = T2.country code
WHERE T2.language = "English"

AND T2.is_official = "T")

4 Spider $HEHEDUR e 10

M RSt A BESE ORI DIRE, LS SUEZ 4k (Cross-Domain Generalization),
FEMUA ML EE DR 2017 4F, K E RO Salesforce A 7L 1) Zhong 451
[ 5 AUz AL BRI HE T — K08, 1R TR YIRS “ANAT WL (Unseen) U 74
K& WikiSQL #dli 45 . WikiSQL E i S M IEE4E T OvernicaT RN & BUINA T
FEIR B R BRI TV o XM T VR BRI 1R 75 SR MG 55 5 2R A1 3810 5 e 2 R D A ol 1)
HARTE S, WA DU KA AT AR )i . fe 2%, WikiSQL W4k 1 87,673 4
HARTE 5 A WA M) SQL 15 4), BN 1 24 s KU1 SRR Bdi g . B X Fif
B BUEE TR B AL, IR AR ik SR LS P (1) B RS & Bl o0 A,
BOMEA 75 PU IR AR B9 o T WIKiSQL SR Ui 2 i, 285m0 & I FE 7 B AR B2
BAK, SQL WEAJHA K EH WAHET (Order) 4321 (Group) 5#fE, W HIKE
BMFEmMMPIEE. 2018 4, RKREHE RN Yo SFU0 WiE 7| NS . 2 REE E
[ text-to-SQL i #E 4 Spider. Spider AT | MF5 138 MUY 200 4> 2 K& s

5
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B, —3LAaE I 10,000 S HAE S EWSE S SQL B #dE. B 4R 17 ixdE
82 EVUFRAEHMEFE (Y SQL £, 7T UR BRI AR, B8 T AR S 408
JEH) SQL 1%, Spider B H BLGEE 7 HIF 7T A0 T K 5 40K text-to-SQL FR GBI R #4
1, &4 H O it 70 A RSG4E Spider EREATREVFIZ, TiZEdE 4 ko B AT
B AR A BRERME R R 2 —

PP (kAR

Name: Divine Favor
Cost: 3
Desc: Draw cards until you have as many as your opponent

£ RO (Python %)

class DivineFavor(SpellCard):

def __init_ (self):

super().__init__ (‘Divine Favor’, 3, CHARACTER_CLASS.PALADIN,
CARD_RARITY.RARE)

def use(self, player, game):
super().use(player, game)
difference = len(game.other_player.hand) - len(player.hand)
for i in range(@, difference):

player.draw()

& 5 HeartStone FIEAERH 121

B ST 5 A AR A L DIAR oG, b i) — S SRR A2 text-to-Python. T
HER A DG TAE A 2015 SFE42 H 1 Dianco HREENY, Z B3R SLIEE T £ Python
. REREANIRER B RE S KA (Pseudo Code) - 2016 4F, A LEAERTIT
WL DeepMind A4 T HeartStone 3 4E12 . fEZEIREER R E T, RGP EHR
EE R —HR T aEU-RERERIE, T ST R H PRie 42— & Ry SE X
AR Python ARAY, — /M N4 H IR 4nE 5P s . Django F1 HeartStone (¥ £E
S TR FEEAN TR G, (eI T 7 RIS I AR, BRI Ja ket 738 AT SR
1 CoNaLa #4414, HIT- I MR DA 5 S A0 A0 a7 46 1K) B SR 1E 5 1) RUAR R B2 ) T 2R
Python AAGSEI . Hdhs £ b i ] AN MY Python ARG IR H — L8501 44 I 9w A2 7] 251 &
(4 StackoverFlow) _E [ URIAH R, W& skbrss 5t B, PAWIGRTE 5 B GPT
Z 51 4 ") OpenAl F1 DeepMind 43 7l /K 4 text-to-Python HI%{ 5 #E HumanEvall'!
A1 CodeContests!'! . X PR B i /2 AR B FX MG, ARG s —H g
TG (Unit Test) PAPEASBIAY A B Python 2 /7 & 75 IE T -

Zhttps://yale-lily.github.io/spider
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BXFTE

G SRR & — AN 3 S A8 IR R AP 50 4003, L 2R e L (0 SURRT R 48 T LA R 1]
1964 4 (1) STUDENT R 417, %R G0/ S BT RN 38 U b, &l N T
SR FTA T BERIE S IR, ke SIS E AR R BT R T — MBS RS0, (H%
FEEIZ RGN EREMENZE, VLA MESE, TFREANTE 2 AR LER 5 ST FfL GiiE
TR G A R I BT A A ST IS SUERT -

HAFRIY EFEIR

Nations nation
Borders next to_1
Publication date publication time
Who author

B6 HTAASTERMNT A MRE

BT H G SRR TE AR 78— e B B TS 7€ SCUF B i) ks ) 1 o ) R AR Bl o
PR RIRE P 28], PRI — e R BT AL A U ZH A S5 AR O, Tk
FTERERIRE . —ORUE, KA i 2 A o0 3 2R P 2 ) ) i AR AR R O T SOV i
(Semantic Grounding), ZIIFEMKH T B & LR #, — /NI R L an ] 6~ . (B
THAEGERNE X E TS, AR TR TR HH G uE S (Combinartory
Catregorial Grammar, CCG) #EATIE AR AR TAENS200, 41 & Jums SOE RN R IE P
AR RNE Lor B TT, 55— B Sl M A~ B 2RE & tha] Be il ik 7 ) S dE i
FREMS O R CRIIA ) ), B RS I I T S e AT A S SR REAT R SO T,
an, XT3 “border” K i, EHIFNEIEA AT LAFRILY (S\NP/NP), HA& SURXAF)id
T EAEAMFEEC — DA, EAMEER—AFTE, Tz a0 B R 20 18] 2 R
A.yborder(y,x), FHH y M x 7 MRS EIEF XN S o FETH A TEE SOE
X STESE AT A AIREFNREE, HRVHR RS TE, HERARES
RS B G SR 5 2 S BAERE P s, AR i E R IR . BRI, SR T
PR T A A5 L (Dependency-based Compositional Semantics, DCS) 3y AT HUAR .
BT AF A 18 SO0 E A Liang S5RU $R W, 2 30REBITHAFR, AT LUEE Bl 2 i)
L& T BGARARAE 3 A HoR 22— B ARG & #EAT it . M SV SOE A, &
TRAEH G TE L EZHE SR A R, HrpadE— oSk (40 Seattle), SEARFHIKH
ZOGIHIA (M0 PlaceOfBirth), SEARTERA) 0l E (W Join) %5, JAK, A-DCS [y
ISV 5ifl 707 iE R RIS e
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S A SR RE U TRAR I A ] 715 S A S A &1, AR B R E
(Bottom-up) & HIRTE LAY 2R . ST, PROAIX ST IFAEAL 77 2R R TSE E LR 2K
el S AN SR, X FRE P SOERI EDRE Ry o Ja ok, WETCE AR BN a8 23 5 15 S
B Z IRV S i F) 2 b, iR RE 2 Bt I sh ML S B i A e, BT R (Top-down)
ST R RTE SUBATIZ I TE SO S 3R 1 gt .

| Attention Layer |

what microsoft jobs answer(J,(compa

. G b ny(J,'microsoft'),j
do nog req?mre a —» 2 —> 2 ob(J).not((req_de
Ses? g(J,'bscs))))
Input Sequence Sequence/Tree  Logical
Utterance Encoder Decoder Form

Bl 7 ETERERE U

T R PEIE SURAT 71 1 B AR B B Andreas Z512°1 $2H, (EABAT7E S48 A i A
AT e i T Givh 5 S LS B E 7V, nBE TAE B PRE AL . fERE 2 IR, 2T
S hd 25-fE D25 484 (Encoder-Decoder) [ 41|27 I (Sequence to Sequence) [26]
B OB AR P 1) 20777, Dong S84 AR TE SR M vh A A v = I P 51 B
% (Sequence to Sequence with Attention) AT SRR, il 7pR, FHLLTEHIH
BOOETTE, FET 27 A B A B 7V 58108 SR bR R k8, AN RETF T E
ST BN TS T8 S SRR o

JR 4R B Fr 2 2 ZURE R TGV A RS i R s R G5 A5 08, TR i 3R 7 BT U 1) 45 4
B IR IETE SUAATANF T LSS B 0 B BRI . PR, S5 ORIBI S B AT B8 T Tk
R B Ron S5, RIE TR P40 LT, 2018 4F, Dong %5128 42 i
7 U B 40 1 f#6Y 71 (Coarse-to-Fine Decoding), B8 S AT 7Y 5 56 i) — IR i A%
PR IR AR o AL 26— IR RSN, 1B SCRATRRY 1 S8 2B AR P HEZR (Program Sketch), JF
MR ZHEZRAE 5 — s i dmoN AR Ui 2 HIRE . BL SQL 4] 9, T —A58
#1 SQL i f) SELECT Record Company WHERE (Year of Recording > 1996) AND
(Conductor = Mikhail Snitko) K, HiF XHESE WHERE > AND =. AJLLEH,
J7 8 SCHE SR 5 — FkEDRL BE AR 7 25400, JB X Bl S A S A RS 7 vk, 18 SRR AT 15 A
AJ LAIX 73t R e ) 4 e i SR JR BB 1 S

FEFP G RS 2 — M5 R(E B, FEPIEE N o — M EERN MG R . R
2018 4, ZAME Tt TARSE S IR tH 7 R AR P v s UM R 2-37, X RAE Ui 77
IR PP T I SR B NS SO a8 b, A ARE SO A mT LA BGTE V2 I E i IS

8
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®  Starto>Root, Root—Select Order, Select—>Agg, Agg—max Col g SELECT Id FROM CARS DATA
E Tab, Col—- Id, Tab—>CARS DATA, Order—desc limit Agg, 1 ORDER BY Horsepower
=
7R Agg—none Col Tab, Col->Horsepower, Tab->CARS DATA 8 DESC LIMIT 1
Start — Root Root = Select Order Col - Horsepower Tab — CARS_DATA
— T T —>T v —t
weE |
f
Start “ Start - Root ~ Agg — none Col Tab Col — Horsepower E
| wms | sms o wms | w88 [ a8 | k‘i‘? Agg | | desc || limit || Agg
i t t t f
What is max horsepower ? ﬁ max || Col none || Col Tab
I
iWhat is id of the car with the max horsepower? ] CARS CARS_
1? Id | DATA Horsepower DATA |

#iE: MARAEND AR K?

B8 MARFIEERE TSR E

5 E’Jﬁ?@wﬂ']%)(ﬁﬂﬁﬁﬂﬁf Fe ARl e BUAN ], ) RS e 125 R o SORB AT
B MEFIE— DS ERFF .l @A B AR, SE PSR UG iy —
MEVEIEFAIRE . UL SQL EA) %, a8, 5202 7 oI AL b () g i 25 25104,
A FRE P BT A SRR BT 45 T g D 85t 07 57 A 1) 20 S5 RmR R A, T AR ot U AR s
i asfe BRI, BN IEFEA REE A (Grammar Rule), & 2158 —afEF
% (Action Sequence) o 4\i%?£%ﬂﬁ'ﬂ%ﬁ@¢~/\ﬂlz%%ﬁ (Nonterminal) F1H: g F15
A TS EMRE—2, #af —DARE R — 2% HO R IE RN R IT,
SE R T B 8T s 7 31 [Start—>R00t,...,Tab—>CARS DATA]. ZEh1ERF5 0 LB
W B ATRFER i SQL 5 4) SELECT Id From CARS DATA ORDER BY Horsepower
DESC LIMIT 1 (4B (Abstract Syntax Tree) 752,

UTHCAR, [ BN R FE 2 ST DO A A2 A 1 1) v FE O VE AR G B R AL R B,
FAENTWIT UG IEE SRR Rz A PERE, LR TR AT P NI 5877 1) 79l 2 St AL,
(Domain Generalization) F1ZH572 {4 (Compositional Generalization). 23z {1t 5 7EHE T+
BRI A, AR 1S AT BAE MR DI ) 45t B RE R REDL 5 - 2019 4F, K H S
TF FT e A0 P8 22 3238 R 2 I T B A 3R T IRNet BAURY, /N 7R 5 AIa0E SR A £ 46
Spider I SQL Tl #EmfZ2 1 60% MUY . BFFEE TV NILA 1Y text-to-SQL A2 1) 43
WOz AR B, T AR R K E I AMA A AE . R, Al T I JS & U 77 VK
7] et 1) R 3] %%ﬂlﬂﬁ?@%*ﬂ’]ﬁ%jﬁﬂ%%\%f A, PR LUBERE J5 1) A v S
BRI I, DAAE R SQL 1B 4], i X MpszihsEs: (Entity Linking) 12, IRNet %
ﬂE‘J?Jﬁiﬂﬁ&%%ﬁ%@UTE%E@Tﬁﬂ‘o 2020 4, fEIZLAERKT, RAE T &AM
B FURE ) Wang 2508 $2 7 RATSQL B4, i i BEORS 40 b G AR A& G i i AR 3 —
A AR AL S AL BE ). Bk, RATSQL *%@ﬁ@@?*%?@%@%ﬂ%i@%ﬁ@

9



Howm iR

J77% (Schema-Aware Encoding), iXFgwhd 77 XAt gt RAS IS 2= BRI FROCR, W
kg4 cars_data 5 HIAREFH “cars” IBERER R, U cars_data 5 H R N F 4 ALK
KA, BDK X R H#M | Transformer H8L 1) HIF & /12, RATSQL ReW% 5 4T
HUBFI AR IR KRR, ITIHA B TS0z A Re 11 R, HphigE R R T 78411
M BB AR 22 28090 sl | AR R, TG 52 138 S AT BT R R0

UTLeAE, W ZRils 5 BR8] G 1 RS HARTE S A B, Sl A R A TR
BHE BT HONSE, EAE 20 NS EEUS 7 DRI . DRI, 1E ST
9 H I AN D T 25 5% 1) AR FH - 3G s AR 1R sz A e /g, o = AMRERME TAE 2>
|72 TaPASI*¥, TABERT™) fll GRAPPAMY, 2020 4=, K EH AW T S FEH T TAPAS 5
RAUAT, 2 A T 1)1 SCARBT B PRI 515 S AT . TAPAS MYERE R FREL T K&
PRI ZRHE BT ) B ARE 5 B fE VBT B N, B3 ) BERTHY b AL T 5 B Y
(Masked Language Model) HFr4kEETYIZR, E LR AT RN 0935 ST 4155 &
BAG TARGFHIRCR . [Rl—4F, Yin W St 7 —AN A7 BLidE T 08 B I T 25305 5 1
7 TABERT, 7EMERI4E4H) |, TABERT i#id ¥ & Transformer B ) H R J) (Self
Attention) HL#, TEBIRIA AT DLV B B/KFJ7 [ B eas, AT DAY 2 313 57 M)
BAICKENZS, AT SEIR i S dm AL ek N H ) ZETRINZRIN, TABERT HO TR ZRiE L
PEELRE R, A8 TRIT 2,600 /33 M HARE T BB EE,  IF K RS 5 R
B H bR, 8IS TN & RS 544 (Masked Column Prediction) SRSZILFUNSR. %71
AT LA BCAS [F) )5 SO AT, 48— M $R T IX Se R f 0tz AL e 7, TR SE 1 7
WIZRXT1E SR BT A B A2 A BE I A 25t . TAPAS Al TABERT 3= 2238 i I B A A 1Y)
AR SE TN SR, T GRAPPA J3REERTT, FIF T Eda 4 th AR R G Mt A i K
R ) TN 252808 o oo 20dl i i 0 AR S5 0 N TARE RN, B e AT S s 30
AREAEEN TG R BRSO R 0%, 835 X 5305 R G & BT 0 H
SRR S MIRE P O B . i T IX Sl 2 S ), IR TR B2/ TE 5 GraPPA #
2 AT DLRIAE 0T ) SQL 5 o I 78 J5UA RS 5 B i) Ll B 5] N SQL 5 3T
M (SQL Semantic Prediction) HIFIIZE H AR, GRAPPA £ 2 NiE ENTIES F3E58R T &
A UGz A RE T o BT, AT AN AR SRR o R AR P i i 52 4% 1 AR
T ) TR SURRBT IS AL )t S N v R B AE TN RIS DL R AR, AT 5
1B SURRT R 2 A 1

A ATE SURMTIZ A FC AR 3 Sh— AN X 5 1A, B 07 13 B Fe B AT 32 2
SVEAEHT ) W 22 SRAL RN 10 9 () U i o AL I T BT AR X 28 ZRAE SR AR TR U
R S A RE T AR, WETCE AT R AR AIE SO DT, Bt e it S

10
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ZRALE24, - DA LORE ) RS BRORE F 45 BOR AR AR AE R 1 9 1 75 17 £, Andreas™®! i
RERFEE SN ZRAEA I BENLE e 1) Fr BRI IGE HE 58 Kb , - Gordon 25071 3l 1€ X
B ) 3 Y S e S SO AT AT T B A DU 2 TR I S . B, A E SR E KT
P GG ARAE P, AT T SR WA e R 0 3 0 SRR R 2 SR
AT AR TR e RV T 0 0 AR AR T SUARAT RS R (R 2H 502 AL e 3100

1.2.2 ZERIRENAY55IEENE W RHh

FERT N TAEH, 8 AR & R 2R T AR P AR ), (R A B 1 S 2R M e
FOR R AR w7 ER 0 H AR P L 5K, AR PRERI T S AR IR = . 25 & B8 g T
ar ) HARTIIR 2 T B T AR 55, DRI LRI 70 AT IO M S i 5 oK BE 55 1 55 I BAE SAg T
(Weakly-Supervised Semantic Parsing), MUFRIE [A] @0 N R AR B 1 AObR v 1] D6 Y. 7Y
R

HXBIRSE

2013 4%, Berant 26U $2H T 3T A FFF11HE Freebase 55 M Bl SUAEHT BH 48
WEBQUESTIONS. AR ZEIE A 1) B SR TE F M A S5 JF A E 2%, 40 “What is the name
of justin bieber brother” (F¥i¥: THTVT B BRI B TFMA A2 ) , HERZ W EE
SRR E A KB AT B4, B8 7 214 5,800 25845, 2015 4F, Pasupat Z5(62]
e 7 WikiTaBLEQUESTIONS FUHE4E, 120 SE7E 485 AL B UCEE I 2,000 5K - 45
ARG EARTE T B 20,000 AN 0 HRTE S EMMEATNRKE SR, XLEHR
EE AW AT SRR, W, REMREG TR, AR BRI SQL
EAERFE R, Fln—Le ) @& RSN R ER 7. BRIEEER, HEA
WiKITABLEQUESTIONS & F ' [ T 58 S R R AR Rl 163X 4 ] 0 5 75745 FH 1) LS
P53 4f . [FR, WiKITABLEQUESTIONS tH B VJCKS “ANa] WL R ik e 51\ 55 B s
ST, BRI RSAE AN ZRIs B4 P B A& 2 78 AN A, Xt o R A AT
Re I A EHT 3RS B A ReAE 2 B UR 4R E S D R, WIKITABLEQUESTIONS Ff 224>
H AR H BT 55 B T SUREMT B Ptk i B 2 e 2 —

BXFE

DX D 55 M B3 SR I 1A S, R SO ZROR U S S SE IR A . (R, WF T
AL 55 B SO HT U HSRIERR i) 22 S B, TR AR T BT ek 22 ST 5%,
FTWAIAG LR EIR AT R EE.

11



Howm iR

BT Ab2E ) B EE A0 AR 2 e B U BB e N B ARTE 5 5 RIS
B, SRJEE IR L IX SR AT () 45 RN HE S 215 20225, Fd it smih s >
R EEIATE SCIEHT AR DLt R ) o 1X — SR BEVEAR TR A fF S AL SHE BT R
748 % 75 (B ) NSM (Neural Symbolic Machine, #HZFF5H1) 03, i id s m Bk F2R
FEREF 2EAZ88M X (Memory Buffer) SRig/D a2 ST IR 77 % ) MAPO (Memory
Augmented Policy Optimization, 11238 58 (SRS ALAL ) (64, 368 i 44y 8 4l B 22 il e 500y it
P2 ST PR RS 41 S 13 1Y) MeRL (Meta Reward Learning, JG3Jih2%>]) 1051 Fli@E L A5
TR RAERE P AR ot B ARE 5 s s Ak 2 STUSC Sl 77 ileel

BT WKL SR FER 0 AR R IR R AR, JhEd s &8 K%
MRRERI B RAE S, KA B RTE S TR N AR PP 25 18] TG 55 R BRI 31— AT A 1
IR AR RARAG IS, X — KRR B AL A i A2 7 BRI AR (Maximum
Marginal Likelihood) . fEXX—# 577 1A b, BEFEEANTE M HRMARFICEFH RS
[EJLO2), A5 30 K R ORI B A IR Bk v ) R 8 R 5 oAb 2 S I BEATLIR R A 455 1 15 X
BT AL TR B 25 5 i ) — BORE F O7) R 399 B8 i KA B0 3 RS 28 I A B 10 A ) R SR At ke
[R5

m P_(op) compute(op,P_,T)
0 -

NONE

COUNT O.1 9+.9+.2=2
SUM 0.8 .9x37 +.9x31+.2x15 = 64.2
AVG 01 64.2+2=321

Sored™ Ix2 +.8x64.2 + .1x32.1=54.8

Aggregation .
prediction Cell selection
T 1 1
[est] [ ]- [l ] (7] - [Tu]
[Eeo | L& |~ L& | [ B | [E |~ [ Eu|
: ) : ) : ) : ) : ) : )
lcesy | [ Tok1 | . [ Tokn | [sEPT | | Tok1 | .. [ TokMm |
L
Question Flattened Table

B9 TaPAS J5ikim B hmit B T 55 M B SR AT AE S5

BT 58 A AT B B A0 AR R ELREE IS R T BRI AL 55 1 BRI SRR BT AR .
2017 4, Neural Programmer (FREGmFEHL) & FHE H B RN 55 WBHE SURRNT Rk 58 4
A B AR5k, WA ATE R e A% b AT [ B < BRAE (X
K15 BRIRAER, IMAEEAA] DL S5 #E T 04 . 2020 4, TaPaS ALK 2
UARAEAE N — IR, BRI AT XS B A0 X I AT R S s H PR AE (B9,

12
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LT 55 I BOE SUBATAT 55 TR HUAS T ANES 1) 3R 4
1.2.3  FHENIE X ET

FETE SURR AT, AT N A48 K 2 B th e — B B8 TG S Y ) 8 480 Dy FLAR B ) 78
FFo SR, ESERANUE SR P AR B B i, DL — MR e ) 32 R e sk
W—NEIHREE R X R 00 B AR e AR T S e kiR, PR3 H Aok
HAERDXEZ0E T (Conversational Semantic Parsing) i H#E4E

HXBIRSE

show me flights from seattle to boston next monday
[Table with 31 flights]

on american airlines
[Table with 5 flights]
which ones arrive at 7pm
[No flights returned]
show me delta flights
[Table with 5 flights]

Bl 10 ATIS3 HamEEns wdnfpi

X1l A SRR T T CAE, 258 %] 1994 4F 1 Deborah A. Dahl 55 AT & Afi
(1) ATIS3 HAE A . ATIS3 R 4R JCTF 78 ML 2 AN ) 22 000 U 1) B, 32 282 oy 55 [ AN 22
K 46 N M-S P B UGS Rl o X e 1A R TS I A L s, A T
AIATHEE, 4 ARG B AW, — D REKHERe i 100, HTzEsE
BURONH PRSI E B s, FTLL ATIS3 B4 8 H 7 Frfiiid 1) B SRE 5 brid T A R
(1) SQL 4], X4 SQL &) 7] LATE ML 2= RSt 2 R A0 i R 3 AT 2008, 73 30 A Y. 1) 25 1)
ZERLR M2 P o BT B0 A 24, ATIS3 ¥ 45 i) SQL iE AJ# e N E 2%, HIRIE
B3 XA S B, B 109 25 —A) U5 68 ) SQL i A)J& (SELECT DISTINCT flight.flight id
FROM flight WHERE (flight.from airport IN (SELECT airport service.airport code FROM airport
service WHERE airport service.city code IN (SELECT city.city code FROM city WHERE city.city
name =~ SEATTLE’ ))) AND (flight.to airport IN (SELECT airport service.airport code FROM
airport service WHERE airport service.city code IN (SELECT city.city code FROM city WHERE
city.city name = ~ BOSTON’ ))) AND (flight.flight days IN (SELECT days.days code FROM days
WHERE days.day name IN (SELECT date day.day name FROM date day WHERE date day.year
= 1993 AND date day.month number = 2 AND date day.day number = 8)))).

BAR ATIS3 HdE A+ 1) SQL A © 4 2 LU AL 7E A2 il 52 2% SQL 7 T ¥ R

13
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HHFERZRTHASUE, 72T Bl 2T 20 B X A 20 FAh s, 4140 25 i 5
RRIESE . TR, BB iSRG H L 5o 1 205 SURMT PRI dE,
f7E T B R EHT (Cross-Domain Conversational Semantic Parsing) » 2019 42,
K EHRE R Yo S8 NTUER 1 I EEE R . o ek 2 o e R AR 2 B 1 i
SUREHTHUESE SParCl 5 CoSQLVH . MJE L, SParC 5 ATIS3 4 £& P KX 15 TE
AR EGE, HRAHHPKHERESAEN, R4 N/REE SQL A &R R K45 R,
ARMIE, SParC F¥E4EH 4,298 N MUK & A FHXT B[] SQL EAJ2H A, X4 SQL i
A ORI 138 MR 200 D2 R EIEFE . SR,  BIRIE s et 1 ik SO AT
CoSQL ##i 4 5 SParC HIB&H A Al fEM1E CoSQL Fudm&ermS, WHoiE{1%5 82 1 it
—EHIXE RS, MRS 7RO 0] DA IE R 1 H ARE S A A, ] UGB
B Ao AR CoSQL I st, — MBI RAH S ERe IR A & RS
A B, A BN R S )07 AL ETE H C R EARE S .

Which university has the most MVP players?

WRAT AR T 8% MVP BRIR?
Q
()

SELECT T2.EedlBE4X FROM MVPiEE AS T1 JOIN ERH AS T2

ON T1.EkFid = T2.Ek5&id GROUP BY T2.EEMVBE#X ORDER BY
COUNT(DISTINCT T2.¥K5iid) DESC LIMIT 1;

SELECT T2.college FROM MVP_record AS T1 JOIN player AS

T2 ON Tl.player_id = T2.player_id GROUP BY T2.college

ORDER BY COUNT(DISTINCT T2.player_id) DESC LIMIT 1; 4::?

o KThe?
- How about the first overall pick?

SELECT EENVPEAX FROM ERR WHERE 2FIRT = “£” GROUP
BY EeAVBE4X ORDER BY COUNT(*) DESC LIMIT 1;

SELECT college FROM player WHERE is_first_pick = “yes”
GROUP BY college ORDER BY COUNT(*) DESC LIMIT 1;

5 i%%ﬁ%ﬁkﬁlﬁﬁmﬁﬁgw,E%%T%&%? J

- Still Kentucky! Duke is also very famous! How many does it have?

SELECT COUNT(*) FROM player WHERE is_first_pick = “yes’

SELECT COUNT(*) FROM IG5 WHERE 2&RT = “2”
AND EENVBRAR LIKE “%it3%”;
AND college LIKE “%duke?%”; @

B 11 Cuase HIEEF I HEHRH!

SParC 1 CoSQL ¥4 (1 F Z AN AL Frdd — A f i Rk — N R =
K, e A B AR E N A — AR R, BIAEAREE N 51— R 2% SQL BRI,
g1 e uRri RN CIE S S i TP S £ ETF A SR At = TP SIS A 5 5 4 5 =30
Fe i SQL ZIRE AT AT, BN, f£ SParC HdlfEd, 55— AUXS M SQL
ARARR 5, TR JE—Fe A% S 1) SQL AR AR R R 2%, X5 H LY Rt AR
N T GBS S OL T A Z2 5 W R, Guo 5507 itk 1 BulEdRiE i AE, JF Ao

14
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T A 0 SO 2B ST B 4R Crase. Cuase W &56 SQL 15 4% i L5,
E BB FRE RGO E AR, A BBk, B 11E7R T Chase
B — AR, LA 0 B ORE 5 I S i, Hdlde 5 B se Ay

A nEE .
Context: i ﬁ E E E

Text: Pour the last green beaker into
beaker 2. Then into the first beaker.

Mix at.
Denotation: . E E E E

& 12 AvrLcHEmYy ZEERFI4

AR ZUTE ST BV RE, EBINE SOFARIR T ERIES, tn] B2 AR RS
2016 4, Long 25 IRFEARFIEBL IS LI R BIMAEDIRE (World State) o B 1275 T
WEFEANTITHIE 1 Avcaemy BOE S0 —DREBT. AEZEARERI E (. bt 5
RS AE T 5, EA1S 0 G — AR T IR RIE S . XHERE, RGN
i B E A AR U it AR DD S B AR S P TR AN Sk, R ZEER R A A B R TR 1Y
HARYA

public class SimpleVector implements Serializable {
double[] vecElements;
double[] weights;

NL Query: Adds a scalar to this vector in place.
Code to be generated automatically:
public void add(final double arg®) {
for (int 1 = @; 1 < vecElements.length; i++){
vecElements[i] += arg0;
3
}

NL Query: Increment this vector

Code to be generated automatically:

public void inc(Q) {
this.add(1);

3

1

& 13 CONCODE EiE&E R fH7

2018 £, Iyer 251 Tifk 7 — NG 2018 AT £ 45 CONCODE, Z 542K
—NE R RSB REWS TR R [ SRE S MBS, [RII IS B RE 08 TR S B AL i AR RD R
55, K 13/&/~ 7 CONCODE ##a e i — /N BARORG], 1ZnflER T —A Java 155 %

15
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BH—AE, B n PR EE R <“Adds a scalar to this vector in place” (FH#¥: B
—IMREMEXMNMIE L) IERG AR add 7. AT AEBZE A, B3 EE
fif# “this vector” FTHEAII/E vecElements A2 &, I AR IESE AT 17 .

HXFE

R A 28 SR S BN E AR A, FUHARAE S TAEAR 2 . 1996 4, Miller
GO R T — N EET G BE RN RS, MR AE A AT DAL ERE BTG O ) H AR TR
S, WA RUREE ATIS3 ¥R & H B AR IR . Billn, A ECh s <3k
ML AL, REGRIEE, P2 HRME IR ) “mRLe B E — A
5o ARSRIXFPERA S L R FEA AL AT ZE AR, BRIt 708 A 1 i s v i |
25 1 — NG RR AR N1 AT BE AT IR PP BT 4k AR I 29 R 21, DA ok ATIS3
AR . 2009 4, [FFERAE ATIS £k b, BFR# AL R EAE 5 A ik s
BER 2B EmE SOVE S S AE U7, SR — NP B 77 RN SO T 1R B 28
B RO N o FESE BB, JEAT HALG VGG SR AN BIRE FH# A —
T LT SRR T RN . (RS BB, Dy fEA ) Ak B SRR B — i B
AR R RHAT — RIVEH, BRI )T HRRARIR.

FEIRFE 25 SIHAR, B F0E AT 50 22 M) 2 T4 FH A 28 P 5 SR R AR SR 1 7 3,
TR TR AR TS BRI ITE, BT SR ER T EMETHIER N ITEE.

what's wrong ? </s> i feel like i ' m going to pass out . </s>

prediction

decoder
initial hidden state

context
hidden state

L.J >
utterance

tation representation
8
©o ©® ©O
Wy ..

wa,Ny

encoder
hidden state tterance
re:

W roproson
B A
(@0 Qe QO

mom , i don " t feel so good </s> what ' s wrong ? </s>

B 14 o REGmEEER R

©

2018 4, Suhr ZFU E AEXS 1 23 ST 0 B 210 RIS IR TV . %075
HH SRR R I TR B A THE AAAT 22 B g g U1, Fop o0 BAB 2 R FH AN 1] 1R
Tl 85 R A A [RDRLEZ 45 Bm, AT A2 AN RO 18 1 S B B . Wl 140w, )=
Yt (Hierarchical Recurrent Encoder-Decoder, JZ{XALFITEA mtd 25 -fRtdas) H &
B 2GR AN, RI—J5 AN ) R A T SRR A R, T X

16
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X TR TR 8. BARTS, %8R8 AN A ) RNN (Recurrent Neural Network
PEI AR N 25D BB R DNy 2 i 28 SR i b 0k 136 () R IR S5 1 . JIRZ 1) RNN 7 5 4 3 2R
S AT oy — AT, XA T E SR RS T s — MR
RNN % FER IR A o« & E # RNN U BAREASB) 7 [ A N, FERETY A 3R 0 1
FrA P A5 B RS AR —#E . MAE Suhr S5 (RS0, BEFCEAT TR IS E m A AN AT A
JE A GRS AN [RIRLFE (R P Se A5 B, i rT DL B SE B R H S B AHEE T IAh R IR
TE BT PR AN Gn D AR 0%, 43 J2 St T DL iy R ) FH 6T 3 7 50 2 b 15 21 11 B et
WA I, D9 7 AR 25 58 58 1 3 X 20 AN [F A I gD IRES , B A B AT TIE B4R i Be
RS TIN TARRA EAS B FoAAd, A4 —AN AT 2 2] AR B R A AL E 1)
&, MEMESRE5E RNN 0 REOR S PHEAE — R A BOZE 1 R &Rk A,
FR R 2888 T T LA A A R S A S R SR AR T 1

FERIE G U T B T SRR E 7t — SR B E ) TAE. Suhr 507 $2
I & 7 A X E R LR AR RO SQL 1EA),  H B SHLRIE T X 1E =05
Frop ) — IR 0 TS A SRR AR KRR RS . FREiE
Je¥ SQL 1B A4 i SQL 1EVERT, SR Ja i il Fi45 2 1 A A 28 7 0 B K SQL
Bt (Segment) . %4t HIXSiE 2E XARENT 28 25 ALY 1 B — 2B AR L A4 i SQL & A) i) — A
BATA], iR ) RO 1 T SO BT A B Y B R 2, LR RS R R — DA EEAE SQL
EA) ARV R AN B SQL Bk, 7EHEMMT B, [y s xSl A AR A SQL B
H 2 W] Bk B TR VIR, 1Rl L 41T 7) 5 E—f)Ar7d: SQL Z ) )
HEH, RWAE AT SQL 1HAJWE—&R 7342 A ) SQL Sk, Fal T i #8702 1
IR AE S SQL T ) v () R3] SRAL B E

ESEhr_b, XA R AN BRI S 0 T X 1 R S AT
SQL R 2Ry T ERRBAGIF AR Z EE v B, MIFRIERfRREE IR . 1%
FEIX AN 6], Zhang S5 FE 1 — M g i B T B 1R 2 0 1) B2 A5 R EditSQL . EditSQL
) JE SR T CopyNet™, #z.0 BARLE T, fEMHSAE R TR SQL R —B 1, #f
—EME N ) SQU BEAT B KR K. HHT EditSQL BT N 1% Il gk %k
i, BHES A A A R 8 v DL ST T s & E—, ot % 7 A
T A R

B 1R RO N g S A SR S AR P EAT AL, Rl R B R T e A1 X
Fe b 7 — P s ek uE s SCAENT I RS . I EE R A A (Dataflow Synthesis) B3 >R 7
B 1 B ST 55 . SR G 1l 2CiE SO BT o0t 1f B4 B 28R 5 #hs it 58
BRI AE, BEFE AR E X X AN F B B AR TE S Al XTESE R 3 ARiE
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M

@

3)

User: Where is my meeting at 2 this afternoon?

place(findEvent(EventSpec(start=pm(2))))

start
2 —» pm — EventSpec —» findEvent

Event(name=“kickoff”, place=..) “Conference Room D”

Agent: It s in Conference Room D.

User: Can you create a meeting with Megan right
before that starts?

createEvent (EventSpec(
end=start(refer(Constraint[Event]())),
attendee=PersonSpec(name="'Megan')

))

. place

start
2 —» pm — EventSpec —» findEvent

™ start

name -ctotToooteoes H att. oot |
‘Megan' — PersonSpec .—: EventSpec r»

UnderconstrainedException! (invite)

Agent: Which person named Megan did you mean?

User: Megan Bowen.

revise(
new=PersonSpec(name="'Megan Bowen'),
oldLoc=Constraint[PersonSpec](),
rootLoc=RoleConstraint(output)
)
start place
2 —» pm — EventSpec —» findEvent
e start

end /
name att.
‘Megan' — Person — EventSpec —» cfeateEvent
<
'Megan name att.
, —» PersonSpec —» EventSpec createEvent
Bowen e

Event(start=1:30, end=2:00, attendee=Person(..))

Agent: Ok, I'll book a meeting with Megan
Bowen from 1:30 to 2:00 pm today.

B 15 SHEEAEHER TSR R

5 WP SRR o BN TAAETRAEUE NG 1) 15 SR BRI B RE S, DT
FAR A PR CH T (Meta Computation), EIF81% (Reference) FMET] (Revision),
KARERX PRI S SR TSP AAERRARH IS, B0 24 AR AR S
IR, Eetn <IN BGE JLRIE . B F BN ERINR, —RHTH A8
SR SRS, bel 4 B 5 S XL o T4 — AN BEE N S AR
W BRI, BRI AT DU R A B ORTE 5 A N AR, il 15fR.
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1.3 xRSk

ITLEsE, BEERIE Y BRI E, 15 SURITA TARKRII R0, H Eap i/ 3
TEMESE R SR, B RN IAEE 1 2Pk, o A A AR — RPRERAE T
B SUENTHREFARERRE . a1 ESCRTIR, 15 SUARITAT 55 5 U B s TR RE B & B 4R
WEOR, XNAE SRR, TR R 4 E AR bRt 5 268 H e 7
Lo, BARPREMT IS AR & . B0, Yo U0 #0817 11 AR E ST HE
B RFARAEIATESE ST, BIFETRIE 1,000 /N A WERLFZ) 10,000 A ITZRFE
AH text-to-SQL ##i£E Spider, HEFriEAEHFERS . MAE Yin S RS, AR
52 51277 M StackOverflow _FJJEHL ] text-to-Python £ 4 42 CoNaLa, &2 F AL 2
NI 1 £I0. FJEH] CoNaLa HH 4 4 1) Python F2/7 #82 JEUT shutil.copy (‘file.txt’,
file2.txt”) WM A BATRR 7, AT RATRARVE BRI P A = BB m, BditrddE
T

{L&ﬁﬁﬁﬂ&¢
Bl e 55

/

§9PRIE

2. Ak RS

3. B GEARE I 59
Hodle bt & 55
4. X bR A i A

B 16  FHHRERITYAHE R

TS T2 P A i B R AR vt AR HE R, AT 038 113 T R SRARIE T 1) B AR 5 1 SO
WEFC, AT B AR AR S PR E A . S9ARTE R ME BE BRI N EZ R 951k, 1
Iy A 2 o PRI S EL 7 B i UL 5, il SO 7 ik e R 4R Y 1 KBk . n &l 16
— 3T, 77 R (0 K B A g I, AR T IR P AR RSN AN AR T A 2R >
MUXMERR . 1.2 W FTIR,  H A2 T B A8 SO 7 A58 SUR BT SR gtia AL %07
PACHFETE 5B K T1AME, HISRAh LRI (0 5 2R DiE SURT, DRI 3230
TS Y 20 P 51 B 7 BB ALV R ERERS . ST, BTN AERW, 740 3 5 7 AL J2 4
ROV, FEBEE SR EOEAR S, 5 riE A RSN R YR 2 X I U8k Fr) Pt A AR
59, ESURMT AR 5 5 06 2R e FE e BURF e Usk b —TJ7 i, Bk REAE
IR o R 9 I, AR PR T 2 S W 58 A TR A A S (N . BF TT B ATT R 32
HAUH BARTE S hEE R RAEBE R FAE NI BAE 5, & SRR LERE PP b A bt 1)
IR AT A AT 2 B AIG. PRTTT, 55 i R A B RE B R R I A5 B R, AT AW
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TARMAESE 18 U AT AR AR 2 SR AR IE MEAE TR IS SR P PR 554 T — FEBF O 1
RELSST, DU, 1 SURRBTARF 7838 AT — KB AR A4 2 v DABRLAR N SRRl o e 4 2o S AR
AT, ORI T 3 S ORI AR &, (58 P 55 o B A I AR L AR LR 3 15 37 S5k B
I IRAL GUE ST D) /5K o SR, 2 H BTNk, &AW U A 59 5 B
B A 5 21 SR TR 55

1.3.1 HE5 1. FEFEFRFHEN

PR EARE SO0 R I RE 2 AR S o), DY AT R AR N 06 2, DR
FA—BEABU T O REFARE SRR R R R, dTREr_2aHaatkm, X
BERAE BV R FPRE 7 BVEVA AR R s, TR P 46 2 A AR K. 2 FE PP A AL
BN, Bl S P ma AR A & Bt A AR D, AR MR LI AR e 4H 5 it 5
%o HHEMEAT A GTZACRETT, EAEFE S5 P I RE 2 B A P b SR 1
TSR T o DRI, A fRTR T8 SCARAT AR T [ R PP 2 & OV AL BE 1 2 AR P A LA
AR /NI SRS TR i i 1 ) 3 PR

1.3.2 s 2. SR F D

I SUFAT BB 70 AT T ZEORIEAE S AT & S F e Y Sk 3 SO R Y
o IOSE SRR R AL I ZRINE AN n] B8 LI A kR e o 81T, BB bSO
B, B SN R R B USSR AR AR D o I GRAE A 7 i R TR S
HOEBUDRE, WEoR—NE SRR Sz AL RE 1 22, EMRXMEZ AL B AL Uk, 3 H0E
SCRERTRE RS TT S 37 5 AR R PR o PRIE, B ey 3R 8 SCARAFT AR 2R T i) SR R A U2
A RE 7 2 SRR T A S8/ I SRR P T e ) = 2k

133 XM= 3. BRSNS

SREFARE F 2R X MBM B ANE, Hram AR5 it al DAHERE 5 2815 5 A
XL RER S8, DR EAIE T B AT I A6 150 P 2 5 M B A AR P M B DA BB AR AR i (R A o 28
M, B SARER AR T, AN R 2 5] R XERE 048 v 17, BRI BRI & B2
SORERE, ARG S ESE - BEVN TR AR TAEEIESL T, JAEF
VRIS, V8 SO — ] ASRAS LU B SEARE T SEAF PR RER . (RItE, dndm i1 55

BB SARE T SURNTRERL R B8l 5 1 95 BRI SCRENT P i e 1 32 2Bk bk o
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1.3.4 M5 4. SRFRFHAEME

TR 2 5 B B ARG S REH N BE, ZRIZE AN ANI L
T 1o SR, AH EE T BB SCARAT, 0 Tl AR 800 AR 3 A B v PR BEK, AP 55
R AR A I A DS 18 37 S O T e A g i SO AR R 1 B D 75K . B H AN L,
B I T B 59 57 B s A ot 4 3 SO AR 55 . BRI, ik e @ I 55
J BBt CA TR B0 28 ST 0t i 1 ox 3l T SO AT i i s ) B

1.4 HERBEHRSMREAR

SRR AEN R TR
W5l AR A2 LA Wi5E2: B R AIRRE 82 1.
s N N RIS BRI E HBRES BB E
B B/
A, iR (7] o SRgEEHER
BATRE TARES BLBAERYR — > oobe T . _ il
BES Q) ~ @atEs ~ ' R K mf{l
o e mw ! % to T2 BUBAAERE
gﬁﬁé[ggggégfﬁTﬁﬁé ] | RER T R8T '
T [
B EumiEn ﬁ&ﬁ%ﬁ&ﬁﬁ/>‘§%%MQ§ﬂy%%$
13 A
SELECT /) WHERE HE = i%3: HHE TEREINA W54 LB TXEESEN
Br # 1% ORDERY BY 1) DESC RIBSIBXRIRE % SHERBREBE BB S *®
LIMIT 1 [T S
— s SHEERSER
SREHITER >
&S 35 MBVE MR R R ERERERES
wign Ty SR Y ARATHERY
B ERILIE S 4R PE AT

B 17 AXHEEFAARRERR

ASICNL AT B ARE TR UMY, BT 53 ARTE T 19 B 2818 515 SORET B 15 (0 X 5
THRIMFEFF A EZACNESETE, FIREESURIZACTESR T, 39 HEF T & SR I Bh 15 S 7
VERESR T, - BN PR A o 1 AT SO I AL S5 U5 T T J s T R BRI I, fe 2%
SERRTHIRE T BREF IR VRN E K sE 52 (LB It S H AR, Wt H RS
WA RR R WM 1707, Hrhwtse 1 5050 2 i i #SE R Fr X0 ) o B 1
fEbT S, WEIT 3 T A A8 59 B ST, R AT 4 T 1 A2 2GE ST
o NOCEARMERE 17T A

141 HEEFAGZUNBRESIEXERGE

A B A R P AL S 2 A B AR TR 5 TR SURNT 73 KT 73 1 75 B Y 52 96 0 4R
RS R, TS 3 O 1 o e R AN PP AT AR 39 R IO PR RE S SR . AT, BT IXEE AT
N2 5 BRI E N, Toik B E TANE RE SO E 58, D X 27 iR e JE 21
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BiE ST . 8 TSI AU A1 50T 3 9 8 SO TR R (RS P 4 532
RETT, B B s WF TR I 0 28 SEA ORI R A S84 . AR Bl i it 2
BP0 7] (R 1 28 2R, S8 I AR B SR AR ARTRAR B ARTE 5, AT BB Tt R 2

A IRE
142 WEEFERESECZ LR BRES EX BTG

BUAT B TH] 17 R 2 AR A B0 B PR T8 5 V8 ST v 25 B0 I S I fE BE 4 1 S
RBERAAT N B ARE S SR BRI REE S S8, TS5 SO A 2 B 22 3 e 40t
SRICRMIRFAE,  SEEE SO TR R 1 STz AL RE T . PR 1T, O I AR B s T AN L
WS I v i B S, B T N AR SR B RR A B e, AL B e 38 %
BSOS . Dy 1 e ASLAL I 0 i i SOV R A 82 AL RE T, AR B Rk
FUA A I SCRE BT IR RIHE 2 2] SEARBE AT, I sm A1 U . AR Bl BeiT & il
v T A 55 AR v S b SRS 1) O S, A O B U RS A B R R DL i AL 1
SR AR R T ) SR 2 RSz AL T BE T -

143 SFHRETEREIHNBRES IEXENGE

AT (35 S 9Bl 1) B ARVE 518 SO 538 m] LR 93t otk 22 2 o STl 440
SRARI B 535, SRR ST VR ARAAAE — e AR Rl 2 9058 ) Bk TR R AU
SR T3 20 T SR A R BRI R AR O N A e A e T, T A R R
HEWHENTIRE 2N, BB FER IFA G R KA EE, KEIVAE
AR ZR, BRIAE G AT I s gpta e YR, DN EATTRT DA S ]
e EEAMNAR RS H . (HOAT K ARy 7B AT DS A A% 3 bt 7 BT ) RB BE T,
MM TR BN R 28 AL (U1 SQL IRRIMHRE &) « N T AERFFIIZRAETE T
(7 I DR RFRCAF AR R VL RE, AN B E s W9F 70 B A ) ] Al o0 R SR e 5 M B 3 ST A
55 o ASBr Bl st RIE BE A SO AT Al O A AT S I O SR 058, ATk 99 B R
TR PR RE SRR P PRI ZR AR PR RERT LE

144 FEETHEESENNINERNBRIES BB E

B B 20 B PR 5 1 SO BT 75 1% 32 Bl N A EAREER U, JF Xt il v
IEEAS B 2RIE 5 ATERT N REFP o (EXFE MR AR A &5 53, 10 HARE 5 Db
TETHEA 2 R EHAE AT AT & H 55, ARG Boda 5 b 2Rl ol 200 SOt
H AR HE NN LS 5 I 22 B0l o D 1 BN 3 3 SURR AT T iR A R JBE , ARy
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BB A P 95 B 0 M8 SO B A B0 5 50 5 . AR
ISR AT 5 1 055 B 5 5 R A R SR BT, TRt — NG 2 T A it o
0 )7V LR T SURHTBUUAENT 5% 1O e .

1.5 ZRXHIZALRLEH

ALHANETHR, AEEENERAT R EEG BRSTREUR, LT
MHRS AR, FEETARLTR.

5B A R A A B SRR B TR SR T o AR B R P AR AN
e, SR KT ANRINZ RSB YE, 2l MO8 e sm M2 M 2284 .
TAZZER AR 2 8] A5 B B AN, A IR I ) SR AL S SRR AR 57 2T 1) SR |
Zro WJa, AT PTIEHI N SERIAEAN R O H S APk T BEAT T S8R IS, BRE 1%
FR TR (A7 R

S = B 4 1T [ R AT AL 1Y) B AR 5 TR SO 5 o A B A X Ui F S
MR, SRR AT ARRENLAR S AR SCHIE 7T, AE TN ZRiE 5 AR A S At b e v SO
BT IRE PP AR BRI GG 21— D SRR Y, I8 I A e Dy g 5 1 38 SO AT A
RSz AL RE S0 BReJa s A EE 3 N i B2t AR S AR B e M R R i A i (1 3 SO A 7
BEAT TSI INGE, SRR 1T T IR A R

VU A4 55 BN B R IREN 1 B ARTE B TR ST e AR BN AR M 59
(RIE A, $ A P A e O R [ I e 4 3 SO BT AR AR e AT S AR Y, BRI By
MR TR 99 M BAE SUBNTAT 5% AEZINERISEAL b, AREIR I — ST, T L
K BE BT+ Az il XS TR A 59 M B SR AT AR 55 IR RE . ), ARA=DRIA IS
Bl SOWNT B0s 56 XS i 7 ik BiAT 1 S a, B 1 BT nI i T VAR O g5 B
SCREMTAE S5 BRI AT I 5 BN 2507 iR A Rk

55 L E A A BN 1 L IR B A 1 30 B AR R SO T i e AR EAT R 1
ARE R ME (R AE L, B2 0 B 5 AR 55 AR AT (1032 6 10 B o 1 v SO AT 1) 08 B2
Ui, T —AF G ESHARE . FR, AT AR TR EAH S E
I35, W EARG BN E A ORI TR S RER . &)E, AT IR T
PR e A EEAT T SRR, BOAE 1R E S AR H T RS B R B R
T E I SURBT IR AT, HAE TR0 AL U5 35n] LA LI SR 25 70 B e 430 S
PR PR RE o

FNFERASCHIE T TAFBEAT 4, X AR KW 75 AT e 2R

23
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BT EREFESZUNBRESIBXNENGE

FERRE AR SN 3, 3R THE SURMTR R RIZ AL RE T, AR — e
FAITHE SRR 2 28 8RR 32 00 J2 sl 2 2] ST ER AR 5% > RO 2 sfems AR E 10
WAZHH,  BFIRTT 1B U TR i R R P A Sz AL g

][l

2.1 B

A ERIE S, NEE Mo KRRz ALae s, seidd BmHrA & SRk i R 2
fEMAIBRIL KR 7o B0, — B NSRS 7 MG, </ NRHsl M <</ N LR i ok
MR, ABATRURT DU fe s B A RS B AR Ok R . XM OB IR S T R
A AEMEFRNEE - DMERIRETT N — M7 WESGERHE (i
Aia] /NIRRT B IE <KD RSB AGX B R AL T I (AN AR A )
AR ETEE D) FER .

ARG AP AL

N ZERK PN TR S S T
TN — R RN |

e AN A RSHEE U

B 18 ARGtk ) MAMERN (B) KFRRE)

MWIEFHMEER, NN HAEGZ AR ) EEEIE RS (Systematic
Generalization) FlZEf=#47Z 4k (Productive Generalization). B, RIMEZILHIRE
RN ETT DL S R R E e, B 18 MR, — A NBEAE 1 <Rgmg 5
FT</NIRHISLAE DK B9 S, Al AT DL SRR <RGBS SRR 1S e ANFHL, e
PEZ AL R AR B NS S BRIV AR fa 51 S, B AT DU AV AE ) B i, ok
PRARTCPR I AT B2 28 TR o i 18 MR, 24— AN NERAE 1 <RgME 5 F0 /st
FEEVK TXLEAH T ] 510 5 ARG ), AT — 5E Re % B 52 A% 15 ) /)N Ipsh A0 g 0 15 7 Ve
WA S BAEEA A, NSRRI BT AR T RR A 1) B ARG A0, TR AR
SEMA GRS, NEA RN — Rl R it Rk, —F—POlE N EREELIR
AE S AT, HE iz At 2 N AR b AL & (R R AR RE 7).

FHNHE, 8 SO AL N 2 R A&z AkRe ), BVt AAHAEER. 1
Al — N NZREIEE T & R, #ARBEREREE S KL —A. T, 4%

25
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FEAREERS /NG, B SR P o AR P A S BB AR RAR /D, AT ORI i RE Fr 4L &
WL . HHARE —E A G RET), AR RIS BB TP RESL
IR TSR N B Sz, U AN T AR R A S AR RE ST, RIE R AT
BUNB IR AR, 15 USRI A Be Jpz (b A i R P AL &

HRES FHBERFS

“run twice” = RUN RUN
“jump and walk” = JUMP WALK

WZkEE

MXE  “run and jump twice” = RUN JUMP JUMP

Bl 19 SCAN Hiiase: ARG 2SI 1EF5I

MIZAN A 2 A, BRGBR 22 PRI 7 AR T 46 S8 o A SUTB . 2018 4F, Lake
GBS AT SRR, EU AR T A B R A 2R 200 1 SO RS B 52 A RE
71o B 19JER TR EATH T8 AT 20 532 LB J1 I3 52 SCAN (Simplified
version of the CommAl Navigation, 4L E GEARFHT) , B LTS 2K W “run
twice” [ H PR TE 5 BIERLA RUN RUN (S EF 4. a0 R4k IR EE 5 2 #hIX 22 4
AL [E] 3 A B E , SCAN 2R B TS . Bilan, 4 SCAN FEALH R /) Bl 2R 6k
APAALE, PRI BEAT IR, B a7 BA R R e 91 1) 218 SRR AR A th BEAE T4 B
15F 99.8% HIMEMZE . AT, WHIEEATRI, — B A YER M B YIRS AN 1)
K53 77 UL A, JT 72 31 21 78 31 BER ()05 ST A AN A 20 T REBLE 2
i “walk”, “walk twice” I “jump”, {HE AT BB AR MR EATTHE SCHES FF 22 “jump
twice” 15 Yo i, —RIIFTFEHREN, HT Transformer . F &7 71 40 5 TR
SRR AN B 28 2 502 AR 151 9798 89901

BRI PP AR RSN MERR, O 1 RS SO B AL A T ) AR Fe A &2 AR RE T,
AT G BRSSO T @A — A 2 DA AR, IR0 e AZ B o g o i o 42 R 2%
BRI E . ENKWBE RN R BLE R KT, M BT v — ez #oo
(Memory) 5 AN AT 22 2] P8 P 28 A, B4 A 13k (Composer) FlfE S BIEL (Solver).
HE B B AL NEARE B ARE 5 R B PR B R B0 B ARE 5 7 B AR SR ) L%
TR VT A2 F o AR I R X L i B B R AR RS ). X MR HLE S 2 P ik
R, BRERKERESIZ LS, Had &I AR AR AR, LB
TG ST . AE SCAN Hdla £ L H)SEIG R, AR E 4 i) I 28 ek B AR s i 2052 1 RE
71, AEFTA RAES RS T 100% RIEERZE . [FIRN, 22802 58— MERA BN
TR IE LT 8L SCAN _EFT A 2H -6 PR PR AR e 28 R 28 A Y
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2.2 RKRZER

22.1 FERUENX

BISHR FRAT R 2 TEMWME
(6 $x after Sy $x after $y —— $Y $X > WALK WALK LTURN LTURN RUN
— v ........
(5] $x after Sy twice $y twice — $Y $§Y - WALK WALK.
i 4 -,
(1) $x after walk twice walk —— WAIK -

$x opposite §y — $Y $Y $X - LTURN LTURN RUN
?

@ S$x opposite lefi after walk twice | left — LTURN
o TJH opposite left after walk twice . Tun —— RUN -

B 20 ASKRBYEM TREMARN RZ KA SOy B B R A R RiE K

NERPNRIZ T LR S A G2 A0RE 1, REEAE THIR (Abstraction) « I R EJ44 %
YR RARA T, DA A A RS B, AT A AT RIS A S R .
JEIXFE AL, 24 Wi “run opposite walk”. “left after run”. “walk twice” X L4 FEHI J5
TEFRARH Y18 5] “run opposite left after walk twice” B, AJSE i [n] T B S0 %18 ) it
B TSR 8 T Wk i a) 20, AR5 A0 AT B, 2 B TR & I
AR WALK WALK LTURN LTURN RUN. A i o8 2 o e st — 2 Ik
e R R, AR KR X R AR AT DL A A A5 B2 (Symbolic Function) 1)
A EA# (Variable Slot) RREARES, filtn, AR IIA RIS “super-" BT 2510 # AT LARE AR
RNE—ANBERE (W “good”) RN H— M5 K (RP “super-adj”), M TTHEE LS
B —HrIE AR (0 “super-good™) B¢, XA AR P LUK AT 5 R £ 5 R € TR 25 18]
fRARIT R, (FHAEWZ B2 MEAR (W “bad”) b ZMEK, AEAEHTS
BRACRI AR A, B4k % RIA0 (Anaytical Expression) FIVAZNMR B 51 Ni5 ARMTHL
PAREAU N St 54k 4 .

20700 i) Exb R R T NI T HARE S I E A R R . B2 1, 2. 4
By NRETRE “run”s “left” Al “walk” X =AMEHIE R RAARE, FFET B e
MR NE R N “$x”); E5 3. 5. 65, ANEEBldsE “$x opposite $y”. “Sy
twice” Ml “$x after $y” X =7 HJ M HMAEN:, K ENHIR VLR, FEZIFERHR
BYe, NEIFICIZE A0 5N 2 gt ek g, i R Ee iz e id e s —»0
AR Rl S T e B BN, 7228 1 2P, RAREACIZ8R] “run” BTG 32 RUN; £
%30, HFHECIZHMR T “$x opposite $y” X R fHJIE X2 $Y $Y $X. Abig $X
R MEFFIAEE, BRERES TR “$X” oo MR Ffe, §Y 7Rg—
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MEFHHAZRE, HABRESTHZE “Sy” Praf MR . MW IR o6 a] g
FHEE T ELRAC AT AR X 52 A i B AR, NS SEAG [ - A rp U 299 H R X ] S A LAk b G e
S, A H a7z 1 Re

KL, 9 7S SRR R SRIGH A2 ARe J), fR &t — PR B E Ak,
TR B A 22 I 28 20Ky o BLAARHE, AR g Y 1 —ANE 42  24 224 LANE (Learning
Analytical Expressions). ‘& BE#5ETE SUARMTAE S5 AU R AL B 4E, T skiF4
GRS FERT N ITE SURBTREZE R 2], BRI H B R 2] — N EHEMNERTES T
[F) B 7 2 (B e AT B B T LANE BE22%7 1 B AME S 3, EZ I NI R B R
G S AR ST SRR E. BT LANE RN H A T Re SR 0], BT
AR EATANTE S #IA5 (Language Expression, LangExp) 5F2F#iA (Program
Expression, ProExp). #7318 XU AAAE T30 70 5 o A0 &, IARIX ey AR 5 1 3 oM
% £iA50 (Analytical Expression, AE), SMFRHE A EFKIAF (Constant Expression,
CE) . [FfEHh, #hRFIXAWT 75 01E F R KA (Language Analytical Expression,
LangAE) FIfEF %% 1E30 (Program Analytical Expression, ProAE), ‘i & # 1A 7 A FE
Al L4 AiE S W m#RIA70 (Language Constant Expression, LangCE) FIFE 7 & &= &K iA
(Program Constant Expression, ProCE). X} T4/ A1) LangExp, LANE 75 2182 T
A GACERAE 1B Hif FL R #  SE 8T B ) Lang AE (Ui 202 M A7~ FEIX —H 54k
HE, B—PHefA —MES RERIA (Language Local Expression, LangLE) # fi#
M N— R R iRk 20 (Program Local Expression, ProLE). ifid7AF &Mt 72,
/> ProLE #f ] A4 & H — > ProCE, #¢Ja—20 i ProCE BUZFER it (il 204 {1
FiR) o BRTR S LLX Al A Ry — M9 e B, AEA R N T IUE 4
FEWSHARATIE T, B e B 1E 5 14 R A R U e AR A5 1A

222 FIiEMLA

run opposite left after WALK WALK LTURN
walk twice LTURN RUN

$x after $y
HARR
Ak 3
/ ®
$x after $y
AR B i

1

1

d

>< '

o [sx = LTURN LTURN RUN| |

O_g—O 5 _SA [sy = wark wark | ’:
,

B21 AxEHEAEE: A6ER. BERREILILETTERFREREAERF
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B 21578, LANE B85 7 =AM 57

HEFERR X4 LangExp (A1) “$x after $y”) #EAT B2 AIIRIT4S (Latent Tree

Induction), MIM43%] LangLE (B “$x after $y”), SLILE] 20 HIE B4 .

FREAREIR DA S 1) LangLE 1E 9%, T —/ M= I3 275

BALKG 3N ProLE (EIH Y $Y $Y), SEHLE 209 (1) f#HT R 45

BIZRTT AFAEE D il Gt R AR B N SEBR B, IR 48 BORE R4 ProLE %% # B

ProCE ("] WALK WALK LTURN LTURN RUN), SEHLIE 20+ (1748 5 A
N TR — A ERIER], REAMRER— AT, BRHEEANIARZ DS, g%
W N HG B, TS I2 8 e E iR 5 — 8 Brf i) ProCE Rl & 546
R

223 IRBIGEH

(5] (6]
LangAE 5 $x after $y twice 6 $x after 3y
e YOO ® v @D @ O
HERR HEER
. $y twice ~6 $x after $y
LangLE 5
ane v O @ v O @ O
EERR REER
ProLE L @ @ - @ @
sy %Y $Y . $X
ProCE 0° WALK  WALK s 0° WALK WALK LTURN LTURN RUN
BEXR RARR NEW RERR BARR RRM R AERERTER  REE
ﬂ-|- $xC) $X@9 LTURN LTURN RUN E{- $xC) $X(@© LTURN LTURN RUN .1 $xC) $X(@© WALK WALK LTURN LTURN RUN
e R L e T || e e R

Bl 22 LANE BRAZH: AMEME LI RRImERRER

LLEE 2058 5 26 FIZE 6 BRIt R AHI, K 227~ T LANE [R5 (EAFERM
2, B 2R REMMAETGRET I mE, HhgammaoRENER (0 “twice”)
SRR, O TURERIEF LR (W <$x”) MR, OB eERTLE
(W $Y) MIRIE. 7255 5 B0, “$x after Sy twice” B N BIH S B, 4 AMb ki
B0 “Sy twice” HATHIGRA, IR IR N, DL “Sy twice” NN, fRbiEH
¥ “Sy twice” IR $Y $Y, AW SiciZ B2 S = $Y = WALK 454 R 215T
AR BT MK ProCE, WALK WALK, J4Et B FHdiZfoc. @diXx—id %, “$x after
Sy twice” 1 “Sy twice” MIRTE LIRS, TR T — MR EE & LangExp, R
“$x after $y”, MU 6 PR . WITXFEZ PRI T, EHEBR, BEBHR
FeiZ 8 ouh A TA/E T, LANE 4%~/\ H SRR 5 A)IZ B SSECR BRL Y) LangExp, B
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IR — N H AR R R A B/ LangExpo %748 876 012 8 70 /e B2 A EUE BRI R e 2%
it 1) ProExp.

23 ‘HEREBR

Sy twice

0.9

[ g
Criise
02 01) 0.7
C5 CDENED
q AR AR AR
$x after Sy twice

K23 AGHIEREHTEMRELET R LangLE

KENE {

IR

TE% t 2, UL LangExp w' AfIA, 4EEEHE AL E A EGHT LangLE W' 7E %
e 8T RIZEEL, LANE XM TRl BRI L1595, Bl et wh b s XA
LRELE], EREB—NEHM LangLE. W& 23017, 45 € LU0 “$x after Sy twice” 1
AN, HEBRRE LSRG I “Sy” Ml “twice”. %, B “Sy twice” &5 A LIK)
B NG E) LangLE. BlsH RITE AT DUBI A Ay, I 40 S AR e oo g i i S AR ek
FENTIZFETERE o k2, 8 “Sy twice” vkl fa e, & IFidrRESER, IR
R H A A e AR AR B, H R —NEH LangLE H 3L, B,
ISR R DAAE B ) By — R X, AR —ET, AeRguiacala It A
*ﬁvﬁﬁﬁ1ﬂf59?fE{:tHt:ﬂ]ﬁﬁ/\4+f5 T EIEF, MBI R mX N T —

GHA LangLE Cof B TR A i F8)

23.1 &FEFE

FEEIF R, A E S SHTE A AT RE AT SRR EA TR R, 2
JRi A — AN A BOES -1 BRI 58 i+ 1A R o 5l
KRR, BT RACT SRR of ALl Tree-LSTMPY 4afif3 8], 5 LSTMP? (145
FIAHAL, Tree-LSTM 42 A A 145 B o R 5 il 1745 ;B AT sl AE Bim . [RIINF, X
THEANTRINE, Tree-LSTM #4E4 T —MFEEIRA  (Hidden State) FIZHMLIRZS (Cell
State). IXRIEBRAE, rf & H—DERBEUIRA A E b F— RS & o MR . X T
RN A, EMERR o BRI AL Z TR MER ! = ) A E T4 R
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Fon ol = (W el BT N TR TR B -
0 [l o
f?‘l o
h-!

fl_ll =\| O [Wtree l l + btree] )

1+ l—l
e o o 2.1)

| g | tanh

c=f" 1®c’ 1+f’ locdl+eog,

h! = 0 © tanh (cl.)

R Wyee € RIPO200 JE—ANTTE ST IR FE, byee € R3PS — R[S B A1 E, o 1 tanh
R ARG MO R, DL o BB SR, 2T 8, efERe U=1D 7]
WA EATEX R TEE (1 “$x”) [ R E B M A g 3.

1

r; =

h!
; } = W]eaf Emb (Wf) + b]eaf, (22)
¢

N Wiggr € RO 52— a2 S HHERE, biegr € RPP R — AN RE W E, wi 2 w' i
58 i NIeER . [HATERIZ, 4w NTAER, Emb(w!) e RP: AR X ] Al &, 1
4wl N EAZERN, Emb(w) € RP AR HAEILZ B s P A7 i 5 R B RALE .

FEAF BRI AT RNRIR G, A RBOR K & FF B 2 1L 7N 2 A AR 2 5
el 23R, AR PTARER T mdonE (Bl tamdero, AeikitEe
Aﬁﬁ“%ﬁmAﬁ4\(@2ﬂﬁﬁbﬂ PRI P BRI FEAT R G i
KD . i, &G REE A AR E q SRR SRR 1
AR SN Swmm@ﬁﬁﬁm B TR R AT RIS

5 LRI S E, HEEPuR SRR AR

232 KESE

AR B TR & A IR R P E R T TR Y S A A B LangLE.
HARM S, BU€ vl AW RRR, W rEE A &R pe o s a0~ 2 305

pe = o(Wer! + be), (2.3)
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A W, 5 b, #R=IRSE (K 23FLEZ). 2 pe > 05 1, HAEBH Lk
AR A AR RO 24 B AU B A E AT B . U, AT AUK S A gk A TR,
Mm#ENF— 2, EHFITIE LR,

24 fREEDR

LangLE $y twice

&«

o

2

= aD)
ProLE $Y $y

ProCE Bl OWALK WALK B A

\E/

BEAR ErLE AR BEER BrRR LR

IR ¢ 1 R ¢ |
g 1$xCD) $X@O LTURN LTURN RUN g 1$xCD $X@O LTURN LTURN RUN
m

"""""""""""""""" = 4T TT T T TTTT TSI TTTT T T T TTmmssss—se

D €9 WALK fl| R sy $Y@ED  WALK WALK

Kl 24 REBRZBELAER ProLE, 3HEE 50128 TR B4 ProCE

241 HERIEFIEZE

MG AEEAE S ) LangLE W' 2538 N SEAER, 1M g SR B i) H A BIRS i2% LangLE
B NLY) ProLE ', ProLE A IARAEAE 7 AR . O 1 SEIUIX — B bR, fRSAARERAE
F T AT AL 3 5 By 1 2 T, i 4 G T B0 g 7 A ProLE. (E5RF— DR
P, RS o S P2 A — sl i (I WALKD, 8= —MEFRE (1$XD. B
240801, fRSAHLLL “Sy twice” fENRIA, Ht— MR R BRI R KX,
B $Y $Y.

242 EBIRIZETT

MRS FESE A G, RSEARE 2 DL ProLE 42, @ B2 B ot Hh AR B X B
SPRMEA T ProLE WSS A, A4 3] — 811 ProCE. [AIFE DL 24 941, Bl (1
ProCE /& WALK WALK. 1% ProCE K< LLRAL TR 2B BRI 730, e B A Bz 5
JeH, AT SR AH B 5 i S BRI AR A

2.5 RAEN)IZ

W SR SR AL A R RIA A R AR (U “Sy twice” T $Y SY BN Btk
LANE H [ 2H & A i SR ER gl n] 1840 b fE 1 R BF 5% 2 (Supervised Learning) i 34
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BEAT )0 AR, H T EURE AR IR O e, BB MR il R 3R O R AL AR
i, LANE JoiZ&il s B o > 70 ) o 21 IX i A . N H R RIS e [ &3 5 8 (ED
LangLE) & TCVETE MBI EEUARE, LANE W1R M@ I [ [m) 4% #& BEA A 1 i >
o BRI, LANE W 9405 ) 55 58 O MR I 5 .

[FII, A 2210 5t 2 S A T SRR Ll Ay, DR DN R SRR S N 75
B A SHEISR M. 205 K, LANE iliid 7 /= 54 % 2] 5592 (Hierarchical Reinforcement
Learning, HRL) 394 [ RUAB SRR MR A 1 25 AL G AU =23 (High-
Level Agent), 17734k LangLE; fRFARHZK/ZE (Low-Level Agent), fEmZ4C
PRI (A NS A B ) ProLE, fx#alid 5ic4Z 8658 B A4 ProCE.

251 FIHEEK

PE SR ST BE T B —32, LANE Frfl Fl 70 2 s b s S Bk a8 1 side 2 2
I RIEAREZ: IRE (State) FBIME (Action). HT LANE 75 Zilid ik 2 20 % in)
W, LANE P HPIRES SN EAGE 52 BOHRH . BE M o GRS ¢ DRSS, EAMUEHE
HatspfmA, Bl LangExp w', WAHE JiCIZ8oc. X AL, SRS « D)
£ G' R EAESE ¢ ZPTHREIN) LangLE. MIAEEHOULIE] s' J5, HEBHRIZSH 6 € X
TR m0(G' |8 o X TR, 7rg #EXS B A —ADBE G TiZshfE
FPRES s — M ABIBER T R THSR, MERRKSH e hE XL T —
AR n(al |G s)), Hodt al AR EARR I BE, RIEE—PH) ProCE of . MY
M ERE, HaBEPg I A R AR, BNl ¢ et kK. HMN
SEMMAERE, WA B GREHHAR A XIFRIT, AR RS AR 36 T4
e . A ARSI E S E A, ST DL AL R R AR, T ' AT R
WAL B R 25 A AR 52 107 H A

B 25 AERBEAEIHEREE: 2aXmERERASKN, KEarRERERMERR
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(1) RE&HEEE

K| 257~ T LANE Fr I 70 2 sl 7 2] Bk, AT LUE A S B R i AR 2
LR EER . 2 1 BN, HEBERIESE 7, KRS TlRFE—-mEshiE g, b
RIGFEEIATEN . KM, BEEIRAESE n, KET TR —MEEIE a's XHA
B BATE), HBHGAZL S (RIS T 20D FFIHE &L RIMET S, IS — %K

AMEFPH) T 4N
r=(s'Gg'a' ... s"g"a’). (2.4)

TR T 5 ESERSHEE RS Z M B E S, LANE A] RIS B A JCREERIZ ) (Re-
ward) . FRE SRBE IR B 5% (Policy Gradient) U1, WER IR HE T T 0 5 ¢
ZHG eI ZR. BARM, B R(r) A& 7 R R R BORs AE2.5. 17 ikt
1), LANE Il %k H Armt /& i KA A il iR 1 2.

max (6, ) = maxE._,, R(7). (2.5)
O.p b, '

i N ALAR EE 375 (Likelihood Ratio Trick) , 6 5 ¢ ZE AL AL T L B K AL A
X Q)T EArRE, A REE T RsE Bt

V@,goj(e’ 90) = E‘rwrg,w R(T)Vf),tp log 7(9,(,0 (T) ) (26)
Fort g, AT CARE— 2800 8 9 — R BV B EFDIRES R B2 7 -

79.o(7) = p(s'G'a’ ---s"G"a")
T (2.7)
= ps") [ [ mop(@’. G'1s) pis™ I8, G a).
t=1

ZEFNRFNE a’ HreA R LLm B aifE ¢ N, Xk DL S0 o
my(a’, G'1s") = me(G' |sm,(a' | G, §"). (2.8)
HaEEEAEN, AR Q7))L — B8 R RN

T
79.(1) = psH) | | m(@'sm (@16, )p(sls', G a). 2.9)
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T r+ 1 BPRES TR P IPIRESFIZNERT R E, AWK T R S8 0 Fl o, K
It p(s™!|s', G, a") Fl p(st) HEXTF 0 F o IBREEN 00 Vo, T (6, ) MISEERETF T

V9,s0j(9’ QO) = Er~n9,¢ R(T)Vé’,tp log 7T9,¢(T)’

= Br_r,, R(T)V4y ) [log7s (G'lS") + log 7, (@'l )] (2.10)

t

= By, R@) D [Vog logrs (G'l8') + Vo, logr, (a'lG',s)] .
t

FRER| ¢ M RSEIRK, TIREEMEs. N TEMIX—H 8, LANE KHE TR
7 RAE B SN 1 5% REINFORCEP®! KAt 430 (2.10). fESZEH, REINFORCE 5
Pl NG 73 AT 7, THRAE N A 7 RIEME AKX 21001 H) Brery, o IR, 8T FE
RFEM 7 2, LANE SRH T 37 228423 ) REINFORCE Hy5P7, Horh B2k e SR P
KA RN« MIE . %, LANE AT aanr:

N N
R
VoI 0.0 = 3 (R~ 2§ (g, tog r, (Gl + Vo log m, (iiGs)] . @.11)
i=1 t
SCrb BB R 7, MG 11

ERLTH AR R R R R, B R B T o T2 £ b
ottt BRI, SRS T R RS R, 7 AR SR VA I R AL A
Bt U, LANE SINT R EH I Fs, Sl A R
Bt it R R 0% 51 30k 2 R AL B A B, 45 R(ry) — 2289 11 il ger,
YA B8 0 MRS B o 0 LUERE R R AL L

N
0 — 0+ a-ZriZVé)logﬂe(gﬁlsD’
L4 L 2.12)

N
Q@ +,8-Zr,~ Z V,logn, (allG:,s!),
i=1 t

Foob R B2 ST 5 B HL L A R ST o . RSO A 2 N S
ro SIRIZHEHS MG 7, HIELASZEL, MR I, LA R s, G al ABL AL s, G 1 .

BERBDT r, 45E s, HEHPUKIESECN 0 MRE KR 190G s) KFEH G-
22271 ik, G WL BN &I E A, AR A B — PR =X
B o ABE AT SRR T XIS 1R, 1812 NG IR AT A R A 3 23
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N M FCle BIR, G AT DIBRIE N — N MAT C B F 5, i (MCy - - MiCp)»
H L RES LR KB XM HEEE. 18 M 1 Cp XN IS E 573N 0p F1 6.,
)2 R AT m(G |s) A AR R A SR I

L
(G = M Ci--- M Cp) |8) = l—lﬂaM M8, M, Cop) g, (Cr 18, Moys1,Cp) (2.13)

G I TR 7g,, & Tree-LSTM MR A 2] & A & q (EES%2.2.275) %
. BES | EH K MEET A, M g —4 K 484 &2 (One-hot Vec-
tor)o FEA I, ERM—MLEA (p1,-- -, pr) I K 4EVEWE 70 Aii (Categorial Distribution)
Mgy (My18, Moy, Cop) HERFEARF B o H xf ARFRER kMBI 5T s, ERE R p £
WIEE &5 GEES%237) EH—iHEAF 2.

exp({a.12))

"3 e ((grl))

(2.14)

KB AR g, W2 T — AL ERSEBL),  Hofa i MR M E N pl = o(Werf! +
b.) WAZ5F] 534 (Bernoulli Distribution), H-H 6o = (W, b.} B2 ZEF 122 2 IS5
EASER I, pl SEbr a2 3 AT 2 peo

REEMAT r, AR RENEE G HEN, KRB R AL a. %ahfE
R MJEZ SEMS S A1 (8 Gs), T2 HEMES 23 A 2 i 2 T WL B P 81051 P 91 45271 552
LI
M
mo(a= (- an) 1G,9) = | | 7 (@nlGos acm), (2.15)
m=1

L M R FRID RIS 208, a,, AR —ABEE (1 JUMP) 8(—MERFAE & (0 $Y ).
SIS IR —22,  a, e N — ANk 25 18] N S AE 18] FIRE 22 & Y 3 40 AT HRRAEAS 21 1Y o

B

(2) EhhR st

XFF oA SE 2 S, R BT B R HE B . LANE W ASANFEI 5 i % 8 1 2
JheR LTt R LB AR AR . EAERMZ, LANE H 200 s 0S4 R 1k
(K1, BRI, 7] UCRFE AN A28 RS R e 2B R b AT Ptk i 2570
HELE TR o

BT UL C Y 22 b 3= ELAKHE LANE Fir 90000 (4 S A s 8 2 1) 5 S i 1R i 1 2
A ULRCREAS 2. H1T LANE S5t 2 551, PRI B2 R 7 5 L SE e 31 2
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[B] )22 FFEE (Intersection over Union, IoU) iHE152IR. Bk, A XFHH a’ 5
FSESHIBE o, T ULHECEE A2 hml st i~ A xH 5

|aT N 0|

Ry (1) = ,
s (7) |a”| + |o| — |a” N o]

(2.16)

Hrfa no £nfrdl a’ 550 o ZIE K AT, |- [ AURFFIRKEE. ™
FEULHC, AZFF EL R 2D e B e v S 1 22 i B it 1 [

BETVCHCRE B2 o - 2 i 25 M A R R VLS ARTE, 1T 52 2% B B 22 il B k0
R GERERE . 2R T BARWR NS TR, 78k, LANE #lBE7EY>]
AR S BTN L SN R BT R AL, XA LANE mln] BLZ AR TE 2 R L
PL “jump twice” A, [“jump twice”’— JUMP JUMP] #1 [ “jump” — JUMP, “$x twice”—
$X $X] IX P A7 AR AT LA B EH S . WG R FRE XA T RIS, (HINER IR
EPREE AT Sk LANE 5251 21 738 F AR B R A AT B8 A <Bx twice”— $X $X, [A]
BB b7 %% LANE SR T2 ST 2R . Oy 1RO T B AR BE R A 40 i BN\ SRR 1Y
#2Jh, LANE i 722 R R,(7) = T* ) T A AR PN R R R FE i i i, Horh 7
%7~ ProLE XA SR AZ BRI E. B, R.(r) B, BRI 2] B[ 7 SbE
S, BTN AR Rk 5 A o 455 T L IC A 22l AN 1 A2 20k 1 2 il e 2
LANE 48 I ) 22 il e 2 R() 7T HI TR 20380

R(7) = Ry(7) + 7 - Ry(7), (2.17)

Hrb oy BHSH. %S, LANE 004k B ARED & KA 22 il s 3 R(T) .
2.52 JIZLIERE

B T8k Z A G R IA AR SR, LANE R T 20 Zomi s S 80k, it fe
o 10 22 8] AR RAF RN A S A B SR B AT IR S A . R, H T 22 Te] AR K
LANE BRBFEAE Sfiesl. TCHR AR, ERHLEIGA LG € T LR IR K
Feal, B AR R AU Rl EEATAR e It . D8 T b VIGRIERE BEINASE . LANE RH] T ik
#£2£>] (Curriculum Learning) P8 (R ZR5E0S, RV 5 B 22 HEVI ZRpE 1] . AE SR B,
LANE 45N BRE FiBG) KA, KR AN R R ERFER B AR S 7 ] B )
VAR ISR, BB ZIRAE IS IR B . LAh, SR TAED, &
WZRBE NHTIRFERT, LANE SR AR IH VAR R VI 2Rt LAk G e A 14 16 s
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2.6 SEEE ST

AATE SN AT VP BRVERE VI BEME, 58I TR A SRS 98k LANE [
M, R IB I SIS o AR T BT AR R BB L, R NG R AR JE R LANE
e 2 BRI R RIE 5

26.1 SLHEE

WHEES W21 R, RGNEZ AR A YEZ AR A A Z AR A AR )
b, T A BT 5 T R B A 35 VAR TR SO I A iz Ak g . b T8
SCRERTR A (A2 (AR ST FEA AL TR DB B, A AN ARES 100 JCHER N & B
B ARV AE RGN A R Bz AR RS, SCANIDS S v e 22 i g D7 0 Bt
Z o W1 SCAN L, WFFLEANTRG LB 14 TME S RIS BALE R G A A P 1% 1
ZALTERE, AR RIAT 5500 B A 5] B B Akl 7

LAGIiETES

200 250

AR AR

‘ |-
i

107!

1072

1073

107¢

0 500 1000 1500 2000 2500

B 26 MCD EFFINFEMMAL LA S iER RS EP

AP RGNEZANERE, Lake 5509 $2 1 7 =4 SCAN LIS (i) Add Jump: |
8 “jump” RN, BAMCIAEGMEIESR), INAAEHZ ST “jump” E AR
HE . (ii) Around Right: I ZRII A AR Wit (57 “around right” FiE RG], A
i A 7R 5 L AR SRR AL ““around right” FEIE I A YEIER] . (iil) Length: Il ZRE 7
AR I Id ] B AR P A iR A1) (RIS RBIPE PSS BE R 24), (B 75 2245
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#2 ERHABINERERE BT

HAaE SCAN SCAN-ext MiniSCAN
115 Simple AddJump Around Right Length MCD (1/2/3) Extend Limit
YGEE 16,728 14,670 15,225 16,990 8,365 20,506 14
W EE 4,182 7,706 4,476 3,920 1,045 4,000 8

TREE B ARIX LR ) . fdlin, AT 3R = A 2 R 2 Bs S R g iz A Bk AT
%, kBRI IFERA SIS — B SR BRI T, BT A0 1 RS TEZ AT
P, #i& T MCD RIMES . WK 2607, A5 I SREE AT SR 2 [5G ¥ 4H & 1]
DARZEFIRK, IRz A RE JER 7 R .

VAL AR P I A VERE, ASCHE SCAN (2R B4 T Extend 1£5% - AN[A T SCAN
1E—H) i i 2 Al AN “and” SKREHAFITE X, Extend {155 18130 “and” 4K
R ERER K EVER, tanf)F “jump and walk twice and turn left”. BAKTNE, VI
GEFMAMEST Z 20T 24 “and” EH, HEIREHEZ RV 9 A “and” [FHT
HILEHREF T

K2 T H T V-l LANE (1) 7 MES, HoAH SCAN HAR AP 1Y) Add Jump, Around
Right, Length 5 MCD (1/2/3) 11:%5 F T ¥4 LANE ) RStz 4 fE 71, SCAN-ext £ i
£ 110 Extend 1.5 FTVEAY LANE AR PEZALRE )T (EfHERMZ, MCD BIETEN
JEAEHE S X o W 2R AN AR i G BE AL, PRI AN R BENLRR - 1, 2 A0 3 43 7%
N T AFAESEI MCD 1, MCD2 fl MCD 3. BRItz 4b, S2g&difs| N7 Simple 1155
TR LANE 76 75 BT A2 (LB DI A RE, L& MiniSCAN Hds #0101 dh
Limit f£55 R MARGE AL M B AE 45 € D FEA (il 14) 19500 T 2 2] B Sz AL RE

BHEIRE /£ SCAN KA GZ WPk b i et S AL 64y LANE L2 . 1)
PR TN TR, eI Aoy A . 35— 2 R AR A e S AR N TR,
Horp s 1 & M B = LI 51 B R 51U R Seq2Seq!®: 1921, A Fr 51 2 Fp A1 A5 7Y
(Convolutional Sequence to Sequence, ConvSeq2Seq) ¥, Transformer #:[19], Universal
Transformer # A1, FE 2 gL p BN B)VE AR K SynAtt AR08 1 Ji7 1 8
SLIAAIZ A CGPS BB, 28 ZZH B AUE R 7 A THM, Ho a7 UAHE
AL O AR G 9 71 GECADPY, 256 0% 2P 8 2] P BB A (Meta Seq2Seq)
581, B N B #2545 1y 51 31| 7 51 45  Equivariant Seq2SeqP’! FF FH A2 & ok S2 B 2H
G T (Program Synthesis) B3, {AAFERIIZ, ATFT vl 4R AN TN 215
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®3 AFAERAE SCAN RS ERIERE

yNaws e Simple AddJump Around Right  Length

Seq2Seqss 102 99.7 12 25+ 27 13.8
ConvSeq2Seq®”! 100.0 692+ 9.2 56.7+10.2 0.0

S Syntactic Attention[>" 100.0 91.0+274 289+34.8 152+0.7
CGPSB! 999 988+ 1.4 83.2+132 203+1.1
LANE (A1) 100.0 100.0 100.0 100.0
GECAP - 87.0 82.0
Meta Seq2Seq®! - 99.9 99.9 16.6

fi

Equivariant Seq2Seq"’! 100.0 99.1+ 0.0 920+ 0.2 159+3.2
Program Synthesist®” 100.0 100.0 100.0 100.0

bR T IR GBI ZREAE A1, BRI T HAR R Sy € N TR . filtn, GECA J7i M8 H
AR A TTERER A S T INGEMMAE 7 HSMIEHE, 1 Meta Seq2Seq R H BEHL 7
BC S5 46 H AR TE T 0 NS MBI AR R R A s I 258 E . 2840, Program Synthesis
JESIN T NAE XHITtiEE: (Meta Grammar), X 3E 5 AU 4

SLIRAATS  LANE B PyTorch SEIUOY, FEAERTA sciah L=/ — &8 S8 A&
B Tree-LSTM L7 T —414EFEYIA 128 BTN . FRCIR S FIAR B3R E. LANE
PR T SHE S BENLIEA I, FEiEIT AdaDeltal'% {40 38 3E1T HE 3T, HAh 2 A48
P21 o WE N 0.1, TARFARIL 2 2] p i E N 1.0 [FIf, 2% Havrylov
GO TAE, LANE 1E53Z A5 I B 5l N T —A Ly IR0, ARG (RSB 7E I 25
FHAE A o 2% E T B LR I ZRRIF AR B 4 50012 0.1, Fif 5 R AR M B2 11 169 o v
PLO.5 M4 T e, Sedarh LANE ARABYLE 514 Tesla-P100 (16GB)  EakAT Il %k,
UGS AT YIRS (B 292 20 3| 25 /N

2,62 SEINER

LI 1. SCAN MRS MZH 3k 307, LANE fEFTA RS EEE S T 100% K
R . 53N TR e R A L, LANE 523 7 B35 1 e i
Tk [AI, LANE FSega g R aEH &4, KO3 39 LANE B9Segn g5 52 i 5 4eRail
SEIG S5 BT R E], TIX 5 RS2 LANE BEUE T 100% IR, BifE 5
15 RN AR R L 2R AR RS (4 Equivariant Seq2Seq) AHEL, LANE PR AR H 554+ 17,
XK HLEIEMFERE E LANE RBWE % 21 3 — @ N TR . (HA3BLEA 2, R4 Program
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R4 AHEBERFE SCAN Z T oM RS HEZ WS L HHERZR
T MCD1 MCD2  MCD3
Seq2Seq™! 6.5+3.0 42+14 1.4+02
Transformer!®”! 04+02 16+03 0.8+04
Universal Transformer® 0.5+0.1 1.5+02 1.1+04
CGPSBH 1.2+1.0 1.7+£2.0 06+0.3
LANE (AFHE) 100.0 100.0 100.0

Synthesis /7% B AEA BIREFHIPERE, (HEAEMR AR LARBUT P0E LRI ek, ootk
REZ B D AT S A S AR . LANE 22 B N0 AR AU s # vk SCAN 245

& EIT RGEZ A ST IR I 45

U4 2. SCAN EETFAMMAGIMZW 7B BPIRE: T 7040 0 R SRz (AT %,
LANE k3] 7 100% FIMPERHER R (R 4). WK 3FIE A RAHE R, LANE {E/T
TG AAT S EHFRE MR FRIR B (I HER 2V, SR IR 2 AR 1 CGPS R AEH-L44T
% EHIURIRIITERE TR, RN, LANE fRIRZ /MR SCAN HedE FIET A0 1 R4
PEZ AT S P22 IR 245

- ‘)lléﬁ 1.0 —*—***#*I**-*—*-*-I* *-*-*-*-I* o e |
, 1
0.101 i 5 NN
s g N
M’ & * A ——%—- 2
= @ 05l 4 X Seq2Seq |
S 0.051 b v\ --+-- CGPS
= i ) --+-- LANE
1 \
0.00 - 0.0 1 Voo IR e el e e e e L s e s
0 10 20 30 40 1020 30 40
BTG S K HAREE K

§ 27 Extend AEFIIZEMPRLE EKHRES KEM () MARKE L& PR KRR
& (B

KU 3. SCAN BB~z kKl 270, N 7Rz AL PERE, Extend {155
PR N ZRAE AN AR b B ARE B KR A 2 A BRI gt 45 R mT UL,
FEL AR I A R 1 2 I R R R R A BE P B IR P g . MI, BEEIAK
FERIIE I, LANE M4 RO AR IFR@S, RE RS E = iz thhe
BeAh, XM TREY] T LANE fEAL B K H AR TE 5 77 T B BORE ).
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x5 ANEMEBLE MiniSCAN [ Limit /555 _EHERZE

s Limit
Seq2Seq!'! 2.5
CGPSB! 76.0

ANFGRPI 843
Meta Seq2Seq®®  100.0
LANE (A77) 100.0

LI 4. MiniSCAN E/MERZHTHAEZN R SER TEPERZM T &P
I, o NRKFIPERE /& BT Lake 250100 3518 35 5 76 BRI 18] Py 58 el sl Al 5 1)
YERE. MERAG AT LLREL, B R IEM I DGR KT, LANE BRI IEHH
o BB AT B, U Meta Seq2Seq TSR FH (25 T HE 51 445 BB 3 it 75 02,
ARITERIWAER LT, 1E Limit 4155 EAJIRAAERI Ry 100%. 5 AFEHIRI 84.3% 101
FHEE, LANE PERetB 2 A0, XA —EMRE ER] LANE 8k 7 ARA] DU EAR
2 ST A A RE S o (R, (EARER AR, XIEA RN LANE /R4 A2 Pk
it 72, BA Limit A2 — AN FE 0 B 55

2.6.3 SRS

(1) ;HRR T

£ 6 SCAN L% FHBMZBRKER

VH Rl ZH A Simple  AddJump  Length  Around Right MCDI  MCD2  MCD3

FEUAHER 98.5+0.6 0.0 11.1+13.1 0.0 53+24 07+03 2.6+09
RS 0.0 0.0 0.0 0.0 0.0 0.0 0.0
o4 B2 il 100.0 100.0 100.0 0.0 100.0 100.0  78.8+4.2

652 TR MITHRA LIRSS R, PAIRUE LANE B8 iR AN AR A 2. B G,
EUA RO FER R, B U VF LANE RS — X, BWRE LANE B — 4 Ht
2|75 (Tree to Sequence) HIARAAMIAL , ZARAE Seiliid Tree-LSTM AfEA ARG S &
S ARBE A N M3 AT Gt ABANAEAR 45 Ak 2 fink A i S A LI B AR AU 24 1R 2 LB
YERF. RS R Bomi, FEOAii R A g2 38 LANE B RIITERE TR, RBIZ
A GO T LANE H G2 AV ERE I B 2% .
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A, IR ST RSO R, R LANE A\ —IHUR /e T A I ZReAs_Edb AT
2o ARSI, B IREE S SN, BN SR [a] ki 72 /NS LANE %A A sk
FIER, ULHTA RS £ LANE BITEREARFEON 0.0. i 7pHrn] UK BL, LANE 2 fr LA
s IR, RO SRR K. —J5T, SRS AT ke R
Fedle —Jri, HAEHRE MR SE M LS . Wb BRI % B E %R LANE
REMS R 22l RARMRERIN, FEA X TAER MR BRET M E . Bk, AR
FIEOLR, — DEELRIAG L LANE B4R K 2 HOre i) e i 22 in 4 % . Mtz
N, RS BIHEHES, DR ST AT DAARCOR I SRR 1 22 A A (R . — D5 T
Ao R A A R PR AtAR T 22,  DAFEB) LANE SRS, 55— 7, R 5 HIRE B
VNGRS ¥ LANE #5638 585 R] REAE R S (O RE]_ERAFAR 2 h

wa, FET R IRER AR BOE R, SRR LANE (22 [ 50 80 rb 00f 2 T DL EC 2 FY
il WRIETAMERIL, HITERENR LR, LANE BAE {15 Fi15
ANGf, 4N Around Right 1155 . IXAI fE A NN A Gl LANE &8 K HI fa] L1 7
LANE JGi%k H A3t B A 27 51 2158 T2 A0 1 S ms

(2) BIED 1

IR B
TR EE HERf R

T T T T
0 100 200 300 400 500 600 0 100 200 300 400 500 600
fERHSE (T) fERFEE (T)

Bl 28 AEAFKEIRAST, Extend EFHINGE (K AIKE (F) L LANE BRIKHER R

K 28 e 7 ERACE R (2.5.1°1) ARSI RAE TR LIRS R . WK
FRTBUE Y, A S HUNIR SRR 22 2] R ORFF — 20N, LANE BEAURVAURSs, R
T oy R A ST T 22 A SR SR B o RIS 2 A B SR IR AN 2 R AR E Y
HSHEERC T A RER T, R EH SR 5] R H g AR HU N
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S

walk and look twice o TR A AR AT

m1/O<§§:§§::;:\\;::Eizz:\\\‘_{F_*ﬁﬁﬁﬁﬁﬁ%&%ﬁ

look opposite  left twice after turn around  right

B 29 FERAESLRE] LA SRR S BIKIRRR I3

(@)

Q) # B

N7 EEMM R A SRR ] BIKN . B 29oR TAEWAD B SR B4 &
BB 2 S RIFIRCR AN . FTRLE R, AR LT3 “twice” BI& ISR A,
XS OL T A S EHRAEIX D XHF “twice” SEIEA ) o

2.7 KRB

FEART N, NSETHE OB SRR FFE P A A2 AR RE 7T, 2R KT ANRIE IR
MBREYE, AT B ) R RE AR CAT PP S B P AR . BARH, AR
FEFP 5 2 P AR R B SL A EAR Y 1 — N2 B TCH s AR 22 N 25 208 LANE, el
AR R AR SRR B R A MR P fr th o B Tz T 2 TRl A% 3 45
BB, Jovk E AR R AR R A . SN T RSB (I i J, AR FE R N 4
JEIRALSE S IR AN URAE 2 2T SR, S HAR S IR 1280 . AEAL S A3 44 i Pl
e EAAT RIS R ], A2 LA 100% F I 2 A o TR NPT H B2 A Ak
0o IR B AN TG AR N TRl ] DA 05 A B 4H 502 A b R B T 22
KT

BRRMSARETIE BERATTIELE SCAN PRI FEAE EIAT TR RIRCR, EWAFE—
SERIRYE. —J5iH, ATTERIE AR R BAAE S s A G, R A Boe s i
TRIEAEH R RM0E Lo SR, 18 HIRE S B TR 208 UK IR BRI I 50 R, 2Bk
FEARLIN, I B JCi2 A P A R P R R A B ARE 5 . 5l ANTTAAE
SCYSIN 20E T B ARTE S 2 BRI R LR TR SO SRR R M A S, TR
ey, HARTE R SO RBUT AT R 30, AR TTIEAER M 5 SR AT
AR TAE B AR TVEHET AR A B AN KB B A 1) B AME S
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F=F ERIAESECZUHNBRESIBXEHGE

EEXS USRI RIS HOME 2, NIRTHE SO 2 AL RE ), AF R — M e
WHMRENZRARGERATY, JF M T ol A T8 ST R R 53, RF 4RI 11 SO
PR T 1) R 2 A A fE

][l

3.1 3]

R AR S SR 2 M2 RN, WS RE AL A ELEh 2 18 % Fh AU
(Domain) F3 M, LATERRATIE. B8 WU 2/ USRS . i AEAN R A s
1T XS AN, P S BT S (B R PR AE SR RN B AR K2R Bldn, <&
R USRI BRI LR P A R N, X4 A G T
HEYUR. L, JEESURITE T RERKRE, Kol N TAR 2 BRE 1 ST
A AR PR (8 P Y B, AR AEAE AN e AL B AR AU S RIVEE R SR AT e B AT i 5 lbm
VRS 2 AN HE (R V8 SO AR Bl B0 55 10 R AL, AR I 2RI L 14 4k
WICIET R S H R BRI, 1 U Bcdfe 1) USRI Rl S RO T i 40 S
RN AR —

THf- B 25 1 kg2

1 1
1 \
1 \
N ! >
1789-1802 TG » ' BEEZE
1802-1826 2yt &
1826-1845 22 fl Tri6 -H B
4t
(@) EtfeFth (b). ST

XERS
B30 sEAEERRRE, BBl IR - BRI 0 RIEEEE T RE AR EE

TR ZHE R, WF 0 AT ORI SCTE AL 51T SO A2 i DA 5im i SR AT AR
RIS AT o 1 (TR HBLE]Z B ARTE 5 A B i — D i, EEH SRR ST
T G UL A SN S AR SCHRI S, i, FEALSEIR % (Visual Question Answering) {F:
F, 4 A BERES WA L ERREBR R A A KB R, AN EFRIE X
VAL 2R R <H 5 R i . RS T DA 5 B e R R A 23 ) DR B
T SR SWHLHIT T EATTIA Y AT LR THE R B s iz A, JE LA T X g A A 0]
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SEE T I RNV PE U A Y B AR U SO i

S E R MO iy o AR SUENTI R, 1 SO RO SRR R, BIR AR S T
(T8 SO BOBERE R RIR 2 o 2 SR . BLIET 30001, A7 Fh i “Frifi « SRR BRERT
DA IR 2 25 R A o (10 BT, ) AR B2 B RR B P R sk o A1 SUR BT
VP2 AN TAREAE 2 1 SSARBESAL IR S RT3 S 1 SRR 1 SR AT A
RSUITIZ A RE ST AR I . SRT, RAE CAIAE 7Sy, B ISR BB T AR
ALl kR FEHIRARXR TAEREAN TR S Z N, a1 Reddy 551 (M5 A
TSR R o R A U, T Guo S8 U7 N A IE A T SEARBERE ) R A s . fdle
FAIAR 2% AR T s P At X sh 1) 07 2, G WA SR A B e s v 0l 9 o S AR
RRAUINS] AHEE H,  IX PSR VE AR R E AR E A, AR AR SEARBERE ML 1] A
AR HE T DA 3 5 A T SO BT RR R (1 5 1L fE

N TG BRI, N U RSP MR, AR FSR Y T MR SRR T
(Erasing-then-Awakening, T 3CH ETA 840 KA HFIZRE 5 B A Sk BEHme /), LA
Y8 iR SRR () G2 A RE T o AT SR T AT R AL AR 7 2] TP B (Erasing)
HAR e T, AR T At SR AT R I A ARG R B A W] DU — IR
BB 7 REAEIZ B R R 0 RE G R E R R R, ETA HEMHiE 17—
ARIAMESS, ARG T TN ZR1E S BN SR T — AR BRI 732688 . R KA NI
BIF, ETA YSCBE BIHERR AR B 0] i Jo SEAARSRI & BAS B R 2218, 1E Ny 5im] 5 Se ik 2 Ta) B
PR AR RS o X LSRR AT DAV 945 2k FOACE, JUA) BTA 25T W21 5 B Y11 25
—ANSEARBERRI . 5ET NP LAEFALE, BrA AT EALMEAN bR ERA, B EE
55 BT it B BR 2580 56 4 P A TE SCREHT 8ds v B Sh s o 78 DA SR B e iuin £ 1Y
SCUERT R R WY, BT A AR T e i R 1) I BB ., BrA WL 2] 3 5 A SRRt —
BB RERE ). B, ETA P o] B SRR Y A] LUR A ML 5 O 115
XAENTERI S, BE IR m A TR AU A . LE PN EH A PR R 5 45 text-to-SQL
a5 FISE R, ETA 7T LU 0 il UM AL MR, TIESE T EAE IR THE AL 45
Bz A B R .

3.2 RiRgEi

ATHTE ST U] P AR 2 B H ) S A S R sl 1 SO, s A
TSR AT S5 4
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2/ g RSN KT =one? SELECT if#f# WHERE |ADILAEM > 3

BFLE
%Al i R AR RADCE A
L REEAD. RIR.
SR SRR
ﬁﬁl
(WS, SER R, GRATICARY, RAni &)
| EEEEAR
mAj
wmA JIIESS
" ERER —

B 31 AEHHREE: EFEES AR R NGRS, S8 2 SRR i
S BIH SEAABERR A R A T TR SUR TR

321 FiERLE

AT, S —DEREFT A x = (o, xn) DAL C = {cr, -+ k)
SRR B AR 2R x 5 C MG BLAR], I I G FR] 5 e AT R () S A
BEAE—HD. B EARTE T AR S PR BE B A AT 2 (1) SR B B AR NN, SikEE
el i (38 SUBATEL R H bR LSRR B4 AR NI (E 5., A H AR TE = il A Xt
RIIFERT . AT, 15 SURITEE B AR R text-to-SQL M58, %A AL A BUIFR 7 A2
SQL iE4],

ST TAE e T 5 R X B0 1) S B e A5 8 A T S AR B 4 T BRI R AR R A
[FIRIAE, A B BT R 77 VAN 75 200 SURAT (0 b v 25080 B m) B T T 2R AL 2R —
A SRR BE A . G 31PN, AFMEES TR B, 15 SURNTEIE4E
BRI PRI P M B B A A o 1 R SR B 1 SRR Y, X el BE 5 LR P IS
555, (HA] LARTEA 2 FTHE HH (0 775 P A RS R B A Y s AR5, S B mT LA
HEFR H A B AME S A RN E FR SRR AE I, X e SR e 4 o > 71
ST AL I SR IRAE B, FERE S TR ST R R BN I R AN HE B AR

322 1RAIGH

B 328 R T AR STARBERE B I e . SR, SRR 2 ) B T =
DR (1) WIGRSHARTRIBLER . I8 1 35 SURMTAE S5 B 35 I A Se R PRI EE DI 2k — A
IR R B . (2) BRER R E) R AR BIARAE: X BARIE 5 R 7T 0, JRRANE
B, IR BREAS BRI R SR I PRI A5 B 2 AE A I R 2E . (3) ISR
ReBARZAF NI B B, INZR— Dottt i@ i sE it
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i R ik
[CLS]EZ/ WE M & W KT = TG [SEP] IEZfaifk
----- { R ]
|
o | BB | —
Al I
@ 014 010 021 001 014 018 006 0.16 Baski
§ wE ©
’ 002 027 005 012 004 0.11 008 003 e —
Commise }-{ W ]
[CLSIEZY Y4 w1 B ddath KT = & [SEP] iFAfif <@k &
BEER 5 1 1 R Sefk
B 32 SARBEERANGE M. SPDREER. RWBERAI SRR, B mER AR R)
33 SRAEIEERIE D)

AT S B R BT ETA RIS FE, RGN ETA F B R HERE IS FE
3.3.1 1&BNIZ

FEYIZRIS, SEARBERATY 205 S — MBS NxK BIAEFER] TR B RES
HAT — B0 5 SR AR TP T — SR 2 T B BE R, R OO MR R Ra 4% (Latent
Linking)

(1) INZRSEARERMAE SR

255 BORTE S I A) x AISEARSE C, SRR A Ao TR BRS04 ¢ € C 1E
BB S x TROHIE . K 2T ERES A2 DBERNEIIE KT ="
NG, XTIk UETFRIART R UL, SEARERIIR I 2R HHAZ SR BB AR A . X T
SEAR YT SR, SEARERIBL S U BB R R T B ARTE S HIE . BTk
MBI BAE 5, T A o RUEHN [ € {0, 1}, BRI LB 15 SURBTE 55 B 3)
T PAESURITH A AT S text-to-SQL N, FEAFERITHEAE — N BRE ST
A SQL i, X TER I BMRIE S ERRUL, XA SQL 1E A H EEN 5L
I CEIERRAIERS . PIAAERTOIE) MR SCAREIRAEBRES T (L= 1), TR
BUE1Z SQL IFAIH A A A A H At SEAR IR SO RBE BARTE S (e = 0D,

AL N E S S, SEARERIIBEH AT AR se A Ros B — A — k8%, %)
R 32 R ORISR . W& 3207R, ST AN AR, ErA 500k B RE
= A AT SEAAR B A PSRN AR . S A AR R IE T Transformer!'®! 224,
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AL AR K A 22 iR S

HE s I ZRiE S R BERTH 414646, & T %A 5 81 o (1044 B aa] 2B o0t B
ENSCRIR . AR, ARIERE L, BRI T UETREAR SR, SEPR gAY
BEER IR N F138 8 LB 7 3 T I SR — S RE R A5, 20 Rl 1) RN Sk 1) 755
T [SEP]s % (qu, 2, -, Q) HT (e, €2, ..., ex) 73 TSR ]l A B3] ) SR AR RRE A SE
fURAE, EATAr s B A U EA 2

(@} fedie = PLM((CLS], x, {[SEP], ciicy), 3.1

Horpr q, TIP3 n A SRR HOFRAE, 1T e FRIEEE k D SEARRIERAE . 72 B ARSI
I, AXZHERT N TAEM G o B A SR S B R SCRIRED e T2 B e
A DU — M RSO G B SAK o (TR SCALRAE 1A &) x T IITHER py:

pr = Sigmoid(W; ey), (3.2)

Horp W2 — A S8 2R 328 30, pe XABORIE SRR BAE

(2) ERRiE)A) BIRS B AR S

W3 ANRTIR, ATTIRA2 R KT AR RENLE: 2 2 TR R ALA], (A ETA 5% T B
SRIE 5 AL FR AU S, F AR R LA A JE B . FL A, ETA %8 7 HT N AR A B a4 B sl
RSO o R BT FE R N AR, S BEROE pIAN 2 JE, R — 2R
G R SR 73 AR SO AE A 2001 B R A 5 AT B (R B, mT LA 2% 3m] SR
JETIZIONMEZRF L. AR S, JTBRAA PN G, R — IR
S AR B A S A LA ROIRI B (S A R B TR, AT LA i 5 45 5 1 SEk
UMK T %88, ETA SEFHBREREE FIA 5 SEARSRIIE B 1 70 B Z A R
PR%E o

PR B I B R R ] 3208, EtA S BRANEERR I R 1 A, R S R
IR A B R UE N\ G A AR B DL R S SR ) SEOR RIS B . BARTI S, ETA & IR IRAT S
[UNK] # #efsi o) ) 55 n AR x,,  BEIR IR NG AR 0 A7 51 7T AR Sk s R o
J% ([CLS], x1, -+, X1, [UNK], Xp1, -+, cx)o ICHEFR x, JESARSRIMBLT S SEAK o B EAF
FEN Pusr Pux M px Z T ZAE BN AIARER ¢ 5 x, ZIAIIHE SR . RHZZEIE N A E
A RLER LU 24 (U515

Ani = L max(0, pi — Pui)- (3.3)
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X Ia) ) o RS R AT SEAR SR TP AR SR BB R BRI AR, ETA W RIS RIFERE A e RV,
HIT ] 320 P T e B 2 PR R AR 3

(3) ISR SEEFRE SR

331 A AR IE I R AR A B ARZE A, ARTERAE BTA W] A X L
BObR R 5 Y BRI . (R AT RSO 23 AT N AR AR IS), ik 7 3 AT LA FH SR AL
BRSNS, AFEATESNON SR AR T A BEEAE A4,
ETA I N—ANA5 ST FIBERHOR 52 2] A, MR A E AR 2R AR %5
4 G A AL B Y ) ) B, MTSEAR o B TR SRR, M T g AR b RS B
i A A ST A BEREAE R E g,

Week . (qun)T
Enk =
Vd

(3.4)

Hep W, MW, B[S MSH, d 2R e WY4EE. EAEENZE, Vd NFERN
TIH— g FIBUETEH], HF-7E Vaswani ZEUS figserh prfe b . #655, @dH—1k
AbEE (Normalization), FEHEEAHICHET] DAL RIS Hz . id o AREEE:, ER8IN TR

CIRDNEE /N wa = CE (P
— exp(gn,k)
T Y exp(gin)

A, BEEARSAPON ZR U KA LLIR R B 3 % Ani - log ou, s FeHt A BRI AEALLER e 2501
B o AL IX N5, BTA W] AMAE SCREAT (R RERLE R P i v mT DA 27 S0 B 4HPRLIE 1 S
RBERAE,

(3.5)

3.32 RAIHEIE

5 B PR R SRR A R B AR TR AN AR TR, BRI SR diesl, e
ETA ] T SehrftE R . AR TIIZRE B, 7EHEBRRT B ETA 1) B An il Fe ke 3t —
HeERST (Grounding Pair), WIREMNEEFESXT (x,, o) Bom x, 5 o HAIRER. V=B 52k
o ATREHZ A, ETA SREREEEES], W o POrEED o/|ol FIERE,
Horr o 2 —ANBME, M el ZSAK o IR IR . 5340, &R BIRE 5 A
IR x, EA BRI — ek, EtA SR BB AT, B o, Wi I BE AT
Ho MR o RETH pe > 0.5, W (x,, cx) BN ERL P HERRT
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SQLiEf]
SELECT ﬂffﬁj*’l‘ WHERE BOHTWENT >3 014 016 - 018 006 ——
[ wmz | smz |
t

f ® 0.11 033 - 048 0.55
________________ e S N
1o BEE o Bl - B - S S

[ AR ]
[CLS] A U ZE M BRI A KT =3 [SEP]  {EZ5fEI#K [SEP] - Bl
2] ] FAESK

& 33 /EjTA 5iE WM SEE AR E: FESBEWERERKRBEN N, FEERH
SQL i&H

3.4 SRIEXEITIRE

Big b, ARG ETA 2RISR AREA, B R DUIE H AR 2k RR
T SURBT R I 5 EATRI U2 A PR RE . O T IIE'E, AT LA text-to-SQL 1 yifs SUf#
Hr B SRR GIREAT BT TS o, JRER I TN E A RSO ETA 5 A A text-to-SQL
SR BT a45 5

34.1 1EZEIT

Kl 337~ 1 ETA 5 T if text-to-SQL 1 SUBEMT & I 45 G HEZEN, K rp s 7 HIF
AT LR SCGROR I i Ee, A ETA B rh 2 S B (BRI EAN A2k SQL 1 AJ Y
G e - SR 2R o TNT.2 1T PTIR s AT 2 0% 2% - AL 2 SR R V8 SUREMT (0 220 VF
2 BOBT R SRR HT R AT B T2 0 T . BRI, B 33 IHE SRS F T 2 S it
FOTE SCRERTAS Y o i, el ) 2 o o AR AL 245 1T AR B e o Ik e SE A O, R
A G bt s AR A8 IO HE AT E,  ETA SUn] UG RET AR

ZHERAL QR AR IS AT -

LVESE SRR A BARE 5 I A AN BirAT SEAR AR A B Se ke e T 3.3. 1745
W5 B R B — MRS 25781 i8I ETA B i S RE,  AT
RERA A RFERRR Q- qu) FIENSEEREIRR (o1, e, ., ex)-

2. A, KIREERIRIENCLZE I BRSNS 2R acRNVK, H
3345 ARt

3085 B BERN T 08 B 2RSS R ) R AR BLA] T AR A SEAR SR (Entity Aware)
HIRAE. LA q, 1, e B SRR RIRAL q, 8T % o e HHHEAH
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4y R, BEASSCAR T BN A RAL , ARG SR SRAL o, PHEE —RIEAH IS .
Jai, AN A A A S A A A R BRI S |, A2 SQL 1A

AL S N SRR A R AL SR A g DA%, ETA RS AR D 25 S AF I SQL 15 ) rh sk
(LN

342 BRI

FESZEURE, ETA 2 5 AARFE text-to-SQL 15 RN HAT 45 & BB — AN
ALK R TR 15 SO AL, S & I iRV E e I R P S B 1 R 1200 . B, 3
205 B 33 TR M B8 — K (BREEFERABEHRAN) o SRIRfET A 7 Shi SIS R AL HFIE
RIS BEAETE SUBATEAY, TR AR S2S , B 454 ETA BIRAFRA
S2S+ETA o 5 ANRF R 5 M TE SUBHTRRAY . BARAZ O AR R SR A2 A T T 1
FEAIBI AR, 25 S2S ARME, SR GIN T PE MRS ) SQL 5 ) 4 i SR g 28],
EE—, el — a2 RS 8 A B — M RLE (Coarse) [ SQL B 4L, #HLLT A
K1 SQL iEA), ZEHEP AL ERE LA, RERMEEE. EHE S, BHE—
A B SQL i L AN b #5459 2 I BGBUIR S — BN B 5 — AN Rpg 38, BIE A gD 2%
H, B AR SQL IEA] . SEIRMEA T Lei S $2 4L I FFIRARAD2VE R ZE S S Ag b A%
R, RO R FR N CoarsE s B4E A BTA HIRRAFR N Coarse+ETA .

3.5 SEESYNE

A BN TR ETA , U7 HE ETA £ SEAR R AR R LR
YERE VAl H R 5 ) LA 5 N6 Sbnit — S se iR B a5 1, 5 — 7 i ETA 1
P I SCAR AT B B _E PR REVE AL & 2 15 AT DLBRTHE ST ) A0 AL TR RE o

3.5.1 SLABEIESLIEE

BHRE SR ol DORBERE BIR M 1SR, B Rl D2 R 8RR B g seih, [
BEATT IR FE 7 PN IR (R SRR TR 55, SR ST M AR B SR B, 1FouiT
MEES o X T RAGLARBERAESS, EFF 1 Spoer-L M4 A Square U AR PRI ZEHE
X T AR B SR BE AT 55, B T WebQSPr A1 GraphQp M 1A VFIIEHE . (H157E
B2, ErA IR XIS Ea £ AR SEARBERAT R M B REAT IR, X L8 %dE
A T PHIA T AR RE

"https://github.com/tzshi/squall
Zhttps://github.com/WING-NUS /slsql
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AL AR K A 22 iR S

RT EHAERLBERANEERATHERE

S M
AR SHARERE RAHE o

sk

SquaLL 9,030 19,185 2,246 4,774
SPIDER-L 7,000 28,848 1,034 4,360
WebQSPg, 2,974 3,242 1,603 1,806
GraphQgL 2,089 2,253 2,075 2,229

TEMNIERR N T RIS LAREAT S, SRR TAEMY, R T BB fE RIS 51 32
R R AR LIRERE (P) . BREIZE (R) AIF, 1557, REHI AR L
P/R/F; 733 Colp, Colg, Coly Al Tabp, Tabg, Taby KEm. XL, 4 Q. 21
BN MIREREEA S (B, Q)1 < i< N}, Ho B QGRS | MR ISk, o
REF i MR ARIES . B Qo RFEBITIME R . Kplth, s Mg M
ANTRIMEEHER S (B, QI < j < M}o PP 4EFR Colp, Colg, Colp 43 5liEIE LR A2
(CER

rco
Colp = 1eel (3.6)
Qcol
|Fcol|
Colp = , 3.7
8 |Qcol| ( )
2C01p . COIR
Colp = ———m, 3.8
OF = Colp + Colg 38

HA T = Qeot (N Qe BIFRINEERE T FIARIE BERERT 2 42 . Tabp, Tabg, Taby A LAIE
KN TTET EAF B T HIR BRSSO R AR S, AR A AT AN pirdd th 1) 5
RE5IUCHE (Weak Matching) HIAEHIR (P). BEZE (R) fF, %45, 45 Entp, Enty,
Enty £7~. Z3RARHITHHE T30S Colp, Colg, Colp 351N, HIFIVZSILAE T &, Bl
i 1 A58 TN B o0 U T bRy BE T BN o 2 A SR BERE I R IR bR, 24 HAY
4 PRI EE BT IR SRR B ARTE & S5 AR A% VT EC I, AR S0 PR et A 2 A S T
TR o AR R P SR BEF R I A S UL EC AR An b, R P00 P SR R, HL T )
HRTE S S BRE S B ES, B FI0  BE B 0t Sep AL 22 IR )

BEEARA TR SR BERAE 55, WA e MR (F 2R A (1) N-gram
Matching J7iE A %S HARE 5 AU Fr A KAV 5 AR N okE s, IR s
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FRE R UCEOR E A S R A AR R AR . (2) Siv 738 S I TIN5 5 Y g A A
7] ) B3R AR AN A SIEAR, P I 2 B 45 21 ) b T SCR s 2 T8 s AR A T ) B
AN FRAE AR Z [AIIAR G . (3) ContrasT J7 28 % T AT AN TAEMY, i FXT H 2 )
FRIHE R T SCRAAT (AL B8 M B JE. P 22 STAORLBE ) SR BE A . e et A
B RIS SR Z 8] (AR DG 20 K, AR5 B Rt /2 (Max Pooling) ¢ — A SEARAE
—NBRE T FA) LA AR SR 2 BOC B — D SRR o B fJm, AT RIS
(Margin) FRIF5 SR8 FH R S5 i 12 7 1550 1) ) 388 1 R SEAR S5 H B RS 3 (10 S AR B sy (14 S A
3%, (4) SLSQLL & ALIGN, #R2 4 WA U BEREA B, T8I 5 BE ) SLARBERZ
BEAEAEAT ISR ERERNRE, X7 ERE R ZRA A, e BIE AT K& b
HIPEREAR R BEAT 1R B DAEAT AP B LA o 1 SR B ol SEAR IR AT 55, =Nt
TIFWGEAF R . (1) Heuristic 75218 1 447 £ UL FCAE R0 IR B o - R g b s 4
IR I 3 B 5 v R SEARAE O TR B e s ik . (2) VICG THRIR G 1 A FRLRZ ) 5K
P BTN SRR S SRR AT 55 - (3) ELQ J7i i WS R AL BE4T B SR T8 5 A5k
PR IR ULEC, 7E WebQSPg Ml GraphQe ¥JHURIGHERIPERE . S, VCG M ELQ
FEI R BB a2 52 B I S AR e B 2, 10 Heuristic A1 ETA AN 22,

SR TS  ErA BERIALHE I PyTorch SEEAN0Y, I rp g R AR B 4 FH 21 1 )1 508 5 1
4045 7 BERT-base ('~ 3CHH ETA + BERT #8480 1 BERT-large ( N3 A ETA +BERTY 1§
£, It Transformers FESEHII2Y, ST HALRAL, BRG] AdamW AL ZR AT
W2, AR B S RANA . R SRR RAE S5, Ao 2] F 2 3x1077,
TURARACE 24 DMFEAAETERRIE . T 7E K0 R BHE SR B BT 5 h, BN S o) R 2
5x1075, R 16 MEAME TS .

3.5.2 SCIRBERESCIRLER

K 8RN T RAG LM EEIAT 5 BRI SR 45 8L, ETA +BERT KIEfE IS T
FITAT A P S At 2 W B A ) SR 268 . 540, 7 Spiper-L _F, ETA+BERT MHLT
T[R4 ConTrAST +BERT S8 11734 7.2% Colp 1 2.8% Taby (42T

9 RN R B S AR S 45 R R H RIAE I Z518 . 40, ETA +BERT 7£ We-
bQSPr. AT LSRG ik 74.5% ) Entp , LB HE5H S0 RE 2 I B () BL 2R B B 1% R 47

UbA, AR EARLRE I SR BE 4 R B R ISR, {H ETA + BERT 724 R ) 8E 4 |
I 5300 SR B2 I B BRI A AR M RE . B4, 7 Seiper-L b, ATV
1E Taby b EESARBERZ B A FE 28 SLSQL, + BERT I8 £ H 0.9%. 1E SquaLL |, A5k
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R RELAEERMES EARERKNKRER, HH o KRS EH T eh e

" SPIDER-L SQUALL
R
COIP COIR COlF Tabp TabR TabF COlp COlR COIF
N-gram Matching 614 69.1 651 782 696 736 71.6 50.8 594
Smm+ BERT 16.6 8.0 10.8 8.5 11.6 9.8 139 18.0 157
CONTRAST + BERT 83.7 684 753 84.0 769 803 479 312 378

ETA+BERT (A7J75) 86.1 79.3 825 81.1 85.3 83.1 77.3 62.4 69.0

SLSQL; +BERT !4 82.6 82.0 823 80.6 84.0 822 - - -
ALIGN_ + BERT °[113] — — - - — - 792 728 758

R FREE AR EARBKAKSSRER, HF o BEREIGN R T e e

1;§ ﬂ WCbQSPEL GrathEL
El’ltp EntR Entp Entp El’ltR El’ltF
Heuristic 302  60.8 404

ETA+BERT (A&JE) 76.6 T72.5 74.5 43.1 42.1 42.7

VCGY 1] 824 683 747 541 306 39.0
ELQ +BERT? [123] 90.0 850 874 60.1 572 586

LU A St e B IR B 1) 2R A% ALIGN + BERT VEREH{UMS 2 . £ 5 Spiper-L -
Bt 1 PR 0 S AR B 2 W B R 2R 26 1 7 ConTrAST + BERT , 7F SQUALL I 5 S A 432 s B A
TR R . ALK, (HARTTVEAE I B 46 EIEREASAR R 07 . Ak, 7E WebQSPrL
M GraphQpy, b, REARTTEA I ERSe# A ELQ, (H'E MG |15 SUAREH: In B Ak
LR VCG AR DL &5 RERUE I 1 ATV B 27 2] 31 1) SEARBE R B 2 T SEIY)
I NREFWPRERIE 7 & — 8.

3.53 SEABHESSIO O

AR A 3 B R B PR RIE DY A R (1D FIZRIE 5 A2 ETA )
I ZEEEAFID 2 (20 & 75 AT LU BRI BUS 2 A HAR 25 )1 — A0 5 O 45 R LA s 1Ak
AR (3) BHARMTINZIE S RA R A ] LU #E— 0198 ETA [UTERE? (4) ETA O
A HIER B AR ?
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7 5 T T T T

60

45| 7

30F |—  ErA (AH

e bR

151 —=—Softmax H— LI HFREE ||
Sum H—4b AR

0 5 10 15 20 25

& 34 SoquaL JRE LA F 776 E VI 4R BIE3E 11 #) Colx

(1) FUNZESRERLESN

N T RATNNGRIE T A ErA FI56M, ErA P JE A B I SR B W46 4k 11 G
B 5 BB, SEES R I, % BARAE SeuaLL | HBEf3 ] 40% Colp , H%
ANUFFFILEC B 7L N-gram Matching » 25 EF1Z K 5 ETA + BERT HAH 0 56 & — 2
‘B 5 ETA+BERT Z |8 [ E R ZBEE T W1 4518 5 AR BrA J7 V5T it % B4 1F
52, ETA W SHAREERRE IR 52 NI RiE & B8 TR 13 201

(2) BAREVA— LR R AE

3. 3. 1 R SE R, B EEARE A WA NSRBI SR, I R S5 1R oL
(Wi ETA H R BUS A AAAE I b e R, AT S50 1 AR 1) =P AR ik 46
MIbR2s, A Sum H— AL B BR2E DL AE ] Softmax H— AL bR, XA~
WA R R A RS B FIRBIA—4 o 1.0 Wi 34 R, RIS & A E— 1k 7 ik
(U1 Softmax), A BAGEFEL NiE K SCAEERIER . M2, ATEIRARIR
bf o JEIEXT AP TR DU, A B — AR DN, Tt LA 22 18] (4 22 S B A& T
WRAFERT . I, BTA BREh AT BEYR T MR B B AT LAS b B B 21 A st/
MZS, FromtbiXMZzSR.

3) BTG IREI ST LT

ATRFINN AL RN ETA HI520, ARATERZER 7 {4 BERT-large (BERT) #J4G
PR T ARAR, FF7E SPipER-L _E AT 7 52560 . 45 BB 7R BERT extL 773K T 2.5% Coly Al
0.5% Taby K5 E DG, XS B KR TRINZRE S 8 A] DR o8 4 1 S iq e e 1 At

56



AL AR K A 22 iR S

10 ATFIEFE Squart BIEEE b I Fh F ZAHR A FIAR SR

EIRAR (G RIS

imimiEiE (43.1%)  How many points did arnaud demare receive?
it FIREBLEFHSTH?

#RVE: points— “UCI world tour points”  Fl|: %%

JEXIERE (21.0%)  Total population of millbrook first nation?
]iF: KEHEARKORAER ST A?
#RVE: population— “Population”

FiM: population— “Population”; nation— “Community”

ER4r1ER (15.8%)  Who was the first winning captain?
it EAANEFAK?
#RVE: the first— “Year”; winning captain— “Winning Captain”

UM first— “Year”; winning captain— “Winning Captain”

EixiE1E (10.1%)  Were matinee and evening performances held earlier than the 8th anniversary?
it OGFRFEERAGAETT 8§ AF L& B HET?
A vE: earlier— “Date”

FR: matinee— “Performance”; earlier— “Date”

@ BRI

WA ARG B A TTVEAE SquaLL HE S LR IR, AR 4 IURD BRI A
(1) BIWEER — AT A B AR A SR B — A Sk b (2) 18 B ——AJ5 %L
J 45 RAETE X ERIERART, (HEA MR ARIRES S (3) M2 B ——ATE R
A HRE) SRR X B A R (4) SREERE AT IR AR T IR I S BE R
KA. WL 10 F7R, ETA MR R /N2 iR, IXRY ETA [FGH5
B {E A (8] R B

3.54 BNRTSERIEE

BABESTTEMIERR A ES ST text-to-SQL W MM £ i 4R 9% FH - 52 46, 045 SquaLL
[62. 1151 A1 Spider 101, A 4SRN M TAE, =FFM4anii FH LOFI ETA 5 70 5 2 RS L
Bt (Exact Match), £ZE&ULAL (Exact Set Match) FI#ATHM (Execution Accuracy). Hi
PSP FE AR 8 e P O AN BRE 1Y SQL iE AR P B A e,  Ho R i UL G 1 A
AT SQL 5 H)42 15 5457E SQL 55 584 —FUR Tk W2 & B8, A& VLN
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R 11 AFTGIEE Souant ERISEREIR, #H o MEREIENIZR R T SR E

. TR HIASE
=

WL BUTHERS T
S28 1131 37.8+£0.6 569+0.7 46.6=x0.5
S2S+BERT [ 47+21 63811 518=+04

S2S+ETA+BERT (AJ7#:) 47.6+25 66.6+1.7 53.8+0.3

ALIGN °[113] 422+15 613+£08 49.7+04
ALIGN + BERT °[115] 472+12 665+12 541+02

A BTN SQL 1A 7 A) A LA PER PP AL IR B VE . AHEL TARHRILEC, SEEULRA
SRUE SQL 1 A v S B ] T AR AT JR U o PRAT AERA U 38 I BB TN AT BRI ) SQL AT
MIEs RPN PERE, 4T SQL 15 AUXF L AJHAAT 45 R S ARIE bR 58— B,
ORI E R, 5 A IR .

BE&ARR 7F SouaL H¥E4E b, FEZABIAIELHE S2S A ALIGN , H i 2 48 (1 2k
THEBMFARIF IR, & F— Al SeAcsEEebr it S0 U1 2515 21 (10 B R oy
58 S2S o KB, fE Spider HHEAE b, FEAJLLIRILLAEAYZ Coarse FlI'E (1 SEAABE#2
SRAGAR SLSQL , AT /2 56 T W00 AR IS i SARMT IR A, 3. 4275 FTik . [, v
THHMT AR, ATEK ETA 5 Spider EeSuiE (R 3347 T bk, A5
1228 R 2% AR SR 22 1] 96 2R 1) Global GNNIOL, 35 i v [A] 22 7R S TH 1 SCMR BT I 70 1 i 11
IRNetl?, S M S 2 18] 1) 5% R BEAT 4H B A1) RATSQLES! IR A5 1] 1) 5 A 2 1] (1)
4 2% 2 1) BRIDGE!'24,

3.55 1BXHERITSLIGEER

L 1AFE 129587~ T A FE F15LE SquaLL 1 Spider FRSLIGAE & . Hd, SquaLL
EANFETTIEH SR S5 B AE S ANBENLEN TN S2a A3 B R 45 R IIE 5P dEZE, 1 Spider k
AFITTER AR AN HE R AR E S i PR RERR AL 45 2R . IEanER P R, 51N ETA
A DA K HUFZ = A C [ text-to-SQL & UMM (I PERE, IEW] T ETA $27F TG
SRR IR R ATz A RE ST Rt . DL Spider A, A TJ51% Coarse+ETA + BERT # Lk
THELBTY Coarse+BERT , fEEGULELTEFR Eiem 1 7.1%. FEAE W ZRi ARG 5F
K (Fltn, BERTL), ETA X iE SCAEMTRLA (K2 A0 11 RE I St A8 45 BRI &, f v A] LA

https://yale-lily.github.io/spider
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AL AR K A 22 iR S

R 12 ANFATIEAE Spider LEGILRER, HH o KEEEYIZGNER T cihstEh

Y TEREE MhAsE
GlobalGNN + BERT 1! 52.7 47.4
IRNet+ BERT [ 61.9 54.7
BRIDGE + BERT [124] 65.5 59.2
BRIDGE + BERT 114l 70.0 65.0
RATSQL +BERT, [ 69.7  65.6
COARSE + BERT 4] 57.4 -

COARSE + BERT] (114 61.0 -

COoARSE+ETA +BERT (A777k) 645 59.5
CoArse +ETA +BERT, (AJ57%k)  70.8 653
SLSQL +BERT °L14] 60.8 55.7
SLSQL +BERT 14 65.1 -

A3 9.8% HIZaxTHe Tt St iEAHEL, Coarse+ETA + BERT, 3k T H A
g IR MRS, B RE R ETA B4 & 05 SURHTIE B g5 g A G ) B, REEAS 5 e o ik 1)
A (I RATSQL +BERT, ) A4 PEBER AR A S 1K

singer 0.00 0.01 0.00 0.02 0.00 0.00 0.00 0‘000.00 0.00 0.00 0.00 0.00

singer.name 0.01 0.05 0.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

singer.country 0.00 0.02 0.040.00 0.01 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00

singer.age 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00
& G ARSI P S S 4
L N N <
G 9 o

B35 Coarse+ETA +BERT, FEE LA ERREEERITAMLE R, HABMEERES, JHER

B HI3 4

AR A, EXPAEIESE L, A7k 50 S st 2 B i A B, T RL
EFRUE E AR ERE . i, 5 SLSQL+BERT fE Spider b4 & ULEIEFRAH L,
COARSE + ETA + BERT Lb'E @ 3.7%. % REE| SLSQL i H 1 &4 N bryE 2,

0.00 0.00

<
RS

SR 2 PR RESR T2 AR NIRRT, AT LA B A R A -

I TN O 1 B0 SRR I RE /0, AT 57T LR Dl 3ty FLnge i
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SEE T I RNV PE U A Y B AR U SO i

2 AP S A MR ) SR BT AR — R S 1 P SR B M SR R — A
B, PR A5 BITE SO TR R b (BRI 45 6 7R 2 51 ARG 22 (Exposure
Bias) (Y1), XML ZRI 18 SORBTRR A8 A )52 — € IO IR sSe R B hmid,  (HK
I A5 P PR 40 5 T A SR B R T o 110 A5 95 1 0 I A 005 Y 10 2 SEE A B e At
RMITIMEE R, A ARG 22 7 L

3.5.6 1B NXERITSEIE 0 HR
1) AT A

35f&7~ | Coarse+ETA +BERT £ H 5L 1] @ “Show name, country, age for all singers
ordered by age from the oldest to the youngest” (F#: BB HRFNHEL. ER. £
BT, HHRERMNKBVNEF. ) ERIREEEREATIACE R, W IR M T iR P E FE
BERRDU MG AR, R ERR o v) e AR BERR A 5 4 R A

() HHI

X BERTEZANELFEB Y, Coarse+ETA +BERT, [ THMI4E 5. b ja) /A0
SQL AR iE A 2 RAEHI 44, Il KGR 4, WM SQL A hFrid N
A —FF 5 i B AR . IR0 AASRAS h T LSS B ), ETA EVF 218 SR ) SR BE
B FRIARH 6, SHFEEFEZIEA (40 oldest « age) « SEARIEA (U1 where
hometown) FIZiRZEA (Ul registered < student_enrolment) [JSEAA, [FIF, IX LSz ikEE
B a5 ROy P B SQL 1B A AE O AR it 7 — e R, X AT DA B AAT T BE
b PR A SO AR F T 3 75

3.6 ANENE

FEARTE R, NPT HE SO HTR AL [ RR R U iz AL RE 7, AESR M T —FhiEd
PR ER SR A TIYI ZR IR V8 5 A2 rh i U SRR RE T T ik . IR 5 AR SURR BT A 1
&, 2R LTI ZRIC 8 5 B Al - SR BE AR A I R Bbn 28 o #EDY 5K
IRBERREE R LRSI a5 SRR WY, DLBARZE A 9 H B Il 2 Hh R S B R AR L &2
AT AVG A4 B I 2 bl A7 o B B, A A e ) e SO H0E B b S
ZERRW], SRR R W] DLRTE LN B ILA Y text-to-SQL i AT a5, IR
A v e A T R R TR Y G AL e
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AL AR K A 22 iR S

% 13  CoAaRse+ETA + BERT|, 7E SPipER-L JFREK =26 ERT K etA%%#EE SQL iE4)

5 5

Show name;, country,, age; for all singers, ordered by age; from the oldest;
I 2 1. to the youngest.
iF: BEBRAKRBDEFHAKRTFHN LT, BRFF

SELECT name,, country,, age; FROM singer,

SQL i) 1
ORDER BY age; DESC
. Where; is the youngest, teachers from?
Nl 5 2 1 youngest, 3
#WiF: REBEOEITR ALY
SELECT hometown; FROM teacher
SQL 4] 2 ' ’
ORDER BY age, ASC LIMIT 1
For each semester;, what is the name, and id; of the one with the most
I 2 3. students registered,?
it MAFPEIMFARS, PNHCHLFlTH,
SELECT semester name,, semester id3 FROM semesters;
JOIN student enrolmenty
SQL &) 3. ON semesters.semester_id = student_enrolment.semester_id

GROUP BY semester ids
ORDER BY COUNT(*) DESC LIMIT 1

BRMERKIE  BRARTEETRTHE SUEHT Uz (e 1 ERCR 82, (HE i
FE—SRIRYE. —J7H, AINEHREMPTBIIZR, IIZRHURE LR AT N AR E 3
T3 I, ARTTIEATI IR T el SOV A 55 1) M B B 4 RE U 25— > SEARBEFE AL IR,
XPR T HAEE ZAESS EINHT . AR AR AT 5508 U S I ZR s A i e 5
B SURRATARER, I3 T B SR B 1 T ik

61



B R AR U AL B AR T SR T

62



AL AR K A 22 iR S

PRE TEREINBRESIBX BTG A

1t

FE

B SRR B G RE R, IR THE SURMT R RUAE 55 B T AOTERE, AT FRHE
P A Bl A R ] Al At e 55 BT SUARIIT I 5%, IR —FiAT 51 S BRI 257 V5 1
SRIECVERE, JNARCR SRR T Ry AR RV R T

it

4.1 3|

VB SRR B — R BRERAE T35 SUB BT RE P AR 3R, RN R EIE B AME S S5 X
FIFEFE AT R BOR B ARE S A4S 23R, (ERR PP I SR TR EoR5E H AR P 1 &
K, WERBON N AE o 3 PR A 32 AR ILAE AN J7 1, B bn v AR 5 HOR AR i & 5t
flhn, Yu &0 FERE L2 10,000 MYIZRFEAY text-to-SQL 4 £ Spider B #51% T
11 AT EHL I ER G RS AR, FETRAEIE 1,000 AN/ A WS IF B0, Bd dn itk
HRER o MAE Yin SEUY B8 TR, text-to-Python 4 CoNalLa M5 &g [ 5t H 3IE
B, JEANLTETHIPRERE. AW, [URBITEA shutil.copy(‘file.txt’, file2.txt’) XA
FEOO (87 B AT N AR B8 T AL S 1 3600, T DATIRARE R AR I A 2 s 1wy, 3
PEAriEAEE B 5. RN, EARNF—L8 WA 715 S @ SQL &k Python, #RENEEE T
ML FHNE T . B2MELT, FE2REESBEEREE®ZHER, W GEoQuEry
Kol A VB /N AR R FE TR 5 A-caleuls Rk B,

I A — AT T SRS — A TF
7(15

1896 gL Fyff

1900 ER  EHE 24 R 2004

1904 G RE 12 IR : ARAN T A A0 i 20 AR B R
FHRAN20?

2004 Fho A 201 BR R

2008  JbE  HE 204 B RILF ARG E R K ERS?

2012 feE EE 204 B 2008, 2012

B 36 S5MUEE SURHTESSDURAE B ARE T HED B & RAE NI E

RSN H ARE B bR ERE R B e e AR B AG TR SO R B A e, YR ETT
(1. 62,125] %BE%F?ﬁﬁHEﬁi%ﬁﬁﬁ"]ﬁ%ﬂ/ﬁjﬂlmﬁﬁ’g (Indirect Supervision) Ki)ll&5—
ANTE AT A% o RN SURR T S 28415 75 BB AT RE PPl A2 FH P B 75 3R, 1 e o DL )
SRAT 1 FH P B 1 Iﬁtﬁ%ﬁ?kifﬁfiﬂt%ﬂlﬁﬁQ%%Zl'ﬂ’jﬁiﬂfﬁ ST
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HUE  G9ME ARSI B AR 5 1R SR T

B B3R (1261300, 1237 St R O 55 IR BB SO B 36BN T A b 55 I BHE U
BHAESS I = onil, BRAEYIZRIT A B ILBIRME . S 55, A SQL ). MR
IR AR I, SRR T B R AN A AN, A AR 5 e n] PLHERE Y B AR
T I U L R 8, AL 5 B SRR T i A v 11 e B F A AR ] e A i 2 FEAIR
MRHE Choi ZEU (R GETHEEE, MRARE — X [T S IR A T 20X /5 0.3 5870, AN,
AR 59 MBSO AT B ARE AR BRI T, (B R S S e J0 AR & 1o B RS RIE
EPSERTALS G B/ TREFIRTE, B ShniE B 95mt By 55 M B SURAT T I
FER . T IZAERR, BTN TAF SR SR 22 ST RO TTIE, BATE SUREHT IR AR A2
F o HRAZAE P BT 45 2R S5 R e 25 S 10 B 5 - A 9 il SO AT AR R A i LA A Y . (HIX
ROTAEAE MG R ABRE Py S 2R 10T, Bl 2 [A] Rl b ) AR I Zhve Jm sl PR L) 25
Rl o fI, WA T TARR A AT o) 5 V24 B 5 B SCRAET [ jB), R f AT TR 7
00T REs I AR SR AE TR RIERE ST, EIEN B R 2R M5

i

Uk 53141 2
[ STAHE | ] BTN [ BRI ] RS EE Y
T A E R T A iE R ATER

N

-
/
|7
il
i
i

‘! M\:SELECT /A7 WHERE

\{{ B% = % ORDER BY ¥ | WA THRRE RS
il 4 ASC LIMIT 1 ; i RES? :
R Rt ; N i 2004

HITS I SHOTIIZR 55 IS BHE R0

B 37 IS SMIAM BAR R M A S s =B . I SRE BUR R Bl SQL 2 P AMRAEAE NS, T
o R BB Bl B AR VE S RARAE AR

DNGEFR A b el R, 0T B bR MR 55 MR, AR F SRR R R SR
Xof 55 W BB U 5, RIDRE 59 B SURBHT LR E I AR AT 55, PRI A i 5 1
R B AR TR 0] AR R AR, T AE B SRE F R A 2R . A aliE E
RUREA B IA e /), XOAT DL I AL F R e ik . SRTM, Bl T A il & Y
SREAE 7 5 B 5 5B, TSR BRIV R R, AR D5 VA DI 2R AR 8D B SR AL
Z. B, AT AR R BN REA AL, ATERE T — AT E R TR
WIZRT7 % TAPEX SKRIG ALY . AN [F) 4% 48 1) Tl 25 07 R A A 7 2 S b IR B 77
HOARUASY, AT VRIS A R R P TR R P SR R R AT TR . E TR
BRI 2 S LR 427 (A SQL B T I FE R m) 4252 2 B AME 5 15 5 1A
TR . B 37T, ERSTIZRRT BOB RS SQL $hAT A%, 5% 1A R SQL 5 AJ Y
PATLE R ERORMT B, I ZRF B RS T DL T 55 W BHE ST Y (a6 4L, FEAE
55 W BB SUBNT Y S0 DL SE U RAT S5 o N T Bz A R, ABAE=AE A
(155 B ST A B T S . SeIe g RSB REHER W, 7R T IR A 2 B AR st
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AL AR K A 22 iR S

59 M B R SOREAT AT DL SE AT N TARIPERE, 10 TAPEx A LU R FFEE A0t £
e e e i R AR R MBI U T VAR R, B TAPEX W] DAAR K T
PERE, femy Al LA oK 19.5% ZEXSSe Tt B2, ATTIRAE A 1 SEs ke b AR BT i ok
BERAIR, DL B U@ A R A . S B R, ARTT R AT DR AN i
EHAS S B N e AR R AT LU PR RE . BT OR, AF R B 36 TR
1% 155 W BB SURIT e @07 E R BAR SR B, (RBE8 R )7 iR mT AR ZS 5 108 31 H
fib 55 MBS TR SURENTIZ S, Ak R S 10 55 B SO

42 BIRLER

MR LAES SR E R AR R 2 2 2008, 2012

& kI SE A ENE RRAT AR EY
1Ly 20 #08 , 20 #12 [EOS]
o = AU
2 1 e e e o

[BOS] 20 #08 , 20 #12

BUEAER 4 ERRITES

gw FEFFERBE: RFFIE R T 5 R SUET 5%, B [ AR A 1F) A A 2

WK 38FT7, AT BT 107 V20 55 B ST A A AT 5%, R — N Xl )
2 i AT — > L ) R AR RS 2% B AE A ARG B I A IR 58 FEAE RS I, R R
ZU1 0 Bt A1 (Subword, THEHHY “#127), FF@EIL HFIH (Auto-regressive) fif
W7 A RCEAT, Hodr [BOS] s a7 AT G A i) 47 ia], 1M [EOS] J&da 7 51 45
WA H) e 1m] o AN[E) R0 70 B N AEASE P sk o >3 o 55 B SAg T, A7)
PR F B 2 ) e AT I 2k, RIS ] DA FEIE A S e Rl . RIS, i1 izde
Ky 5 A s SRS, A AU B o KIRIARE ST, 1% I7VEAT LU 53 R 2T
BERRENS, ARERE—ANES. —DERE R RS R B FRYFE, K
ARG T — MNBAERTE SUR T S AR FP AT 4%, 1K I [ A AR R AE T 58 il 1 55 e B
T ST AT 55

43 Hp 5N ENE AT

AR T 55 MBI ST AR 55 (08 30 s SORAE sl U R A R AT 55 (1 4T
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HUE  G9ME ARSI B AR 5 1R SR T

43.1 BRUEX

FEAS B TR 7] A A& R RNAR EE (R I e, 95 B SURIT AR 5516 H A g lid A R 36
A PN 2 R0 FH P 4D 1) R o R, AT 55 R N T 2 B S — AN AR TE 55 ) x R — A2
WHIATHIR T A HARTE S 0 x B K AR 2, B R R RED x = (x, x0, - -+, xk) o
BARN T WEE MAT, B (R, Hh&—17 r LBE N AFIOR (50 )L, B8
Totk s X HAE T FREE R, HX BRI j 5 oo 2SR — RS
FITHAE CInfE 36 R —ANE R, BUE R — Ml AR (i MAXD EF5 €
JoR X IR AR B T (B 36— A S,

432 FEED

I IR 59 B SO AR 7 S AR T 55, IFR A AR B O 2R 18 5 AR ALE R
AR MRS AR B S, ARTERT R TIAA W LM

Lo REVE: BT R R SR R AR RE /7, A DARE S itiE N, L) fE
(EEEENIDE R

2. fEFENE: 2R EX TG A8 SRR AT AR B G W BLERRAE T
IR0 RS R LA AT I SR

3. IEREE: T 99 MUENE U AR S WSRO P S AL AR S5, TR R VRANIFD
O R A AR IR DN R0, RIIR A B AT 24552

IREAC S PIRAr RitE = (AN 1 WNNIE F VRS [

BRBIZEN  PIS BixOriE TR A R S A, REE et R s A 751,
GPT3M Il UniLMIP2, fEAR T SLIG p, i207E B AT H i AR A A B Z 1
IR A i 5 A8 BARTS) /RN SRS AL >k SE 3. BART #8834k b — AN Jk
T hr#E Transformer 224910 21 B e IS AY . 5 IR 4G ZE M) & A AN [F] ) /&, BART ¢
Transformer H 5% FH (1 FE 2814 3505 B EUM ReLU RN ES 49 GeLU pRELU3Y . 172 AU ZRI
AN[F]F BERT #E ALK FH HIBEAL #1886 (Token Masking) !, BART K 12 BENLFG 15
fiEh% (Span Masking) , BIBENLIE o5 A) 7 A K HIAHAR R TR o Kr oA [MASK] ReR T 5
HHAFNZKEEFENA)TE WA, BART B R0 1, FFRn) FREM T
ko WL IXFE SRR ZR B b5, BART AMU AT LM BERT —FEif 5 #1452 2
FIRFE BN SCRAE, &R] LR IEHAE S EHRTE S .
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AL AR K A 22 iR S

STRNNDE UH D
1896 M HH 14

1900 EE %E 24 T T W T
1904  HHHr  EE 12

& \ e
—§—> [HEAD] : F4 | 8 | H5K | 2 E X &E [ROW] 1: 1896 | ...

2004 S A 201 |

2008 b A 204 W R AN 117 28 0 LS 2 110 2 38 [ X B o G i 202
012 % %KE 204 &

2 ! 1 - —————

e = R H BT 55 B SRR

B39 AT S AR AR s I BHE URITMES m B B KRB S I RAR BHEMIE R SRR
B, BRI SR Eh R L 2 5%

REAN B 39FTR, BAANG S —NERES WM — AR, B8
B ) A AT AR T TR 5, 0T B A E TR R Bort B ARG 5 ROALBE 5 R0 W] o 4R
i, %R & RS I gmAg AR . M T BARIE S IR, RS & S L
AT 550 ESCEd, ARTE ST TIEDS), BEgRE I T B s — e o,
XA FEE R 39 R #ibs ARSIk . Tk, T8I — SRk 1) i [HEAD] SRR RE
g, AT SRR, — AP IMRIERRE AT RN

T* = < [HEADLCl,l,' : ',|$ CN» [ROW]a 1,7"1, [ROW]72, ra, Ty >7 (41)

Hrp [HEAD] A1 [ROW] J2 45 PR ) BR], 73 ill Ron 2 ST HI X, 1 [ROW] = T 2
F 1 MRRATIIR G o BRGNS B X IR B 4k, B NIEBIN T RS | T
BRASEF )R SR B o, W 39 eESY | T | BR | SREFXHE. &5, AR
B S WA x PEPHEE RSN T 51, 4R T ARSI N . T SUBR T &4
Kol S BRI AR, BT LR 14,

EREY  7F BART 22, mitas St STgmbd i By ON, T ARt 28 ff Do nh A 20l A Hh gk 47
R, W43 1T RTIR, B A A SRR N, B AR — B,
I E B ERERDE S R AR U . SRS A — MR G, ALK HIE S kR
TE— R G AR IAE — B, Wl 367117 2008, 2014 I8 BT A 2 R B0ME H B
A, ARJTIER] LLSCHR 5 I BRSO 5 MR E L BT RS . T X E
TSRS FRA G BRG], BT R 14,

ERREE T ATTIRAE S — AR 58 A M 55 B R SUMTAE S5, P L E W] DURE
SEAT ARSI R, ASCIRR T PTRP IR R (S, — i ARSI 2R,
AR ZARFS NGk, A& AR AR N i e S BB AT ROR, RE 2
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HUE  G9ME ARSI B AR 5 1R SR T

SRR S A T R S LR BERY, JRJR 4R SEE I ARACHE S LR AL
4.4 PUTSISHITINILZR

4375 FEA R T ey A8 59 B SCRENTAE 55 BB AR i aiE F A, AN
FRNZRAE 55 AT ZRE RPN J7 T 28 90T 51 I BIZR 75 TAPEX .

441 FUN&ES

B ARE S IR, SRS S 5 A AR E B I 5 ) LR SRS T B R,
DAL A A 1 T 1) 559 R B A SRR AT PR TN S ARt o o P R AT S5 AT T . DA
PITSRTE RIS AE D I R R 1Y) 55 B V8 SO I3 10 ] i N ARl g A i AL s 14
RAGANE) T HRAAE R AN, 38 LR A TR P A2 A B0 55 P 51 20 R T s 553X 7 78 )
BREHERGE /IS, BOREBRESRIRL, (HRZ2CRTNGFBCRFEERR, BHHE
R B TR 2R 5 BT 2R

5 b o i ——
SxExE > ! SQLUTHE | B <« — [ RIS R ]
1896 fEs A 14 Seemeao- ’
1900 EER HE 24 A T A T
1904 BB M 12 e~ ' -
[ _E_) [HEAD] : 44 | %7 | BR | %% E % 4% [ROW]1: 1896 ...
2004 M A 201 ,
2008 Jbm 204 SELECT »&7 WHERE EZ% = %[E ORDER BY 47 ASC LIMIT 1
2012 e EE 204
L o — 8 ensouminn - R

Bl 40 $ATEISHBNGREE: KEEHVERK SQL B4 5 F 5L R BHEMGE R UM SR,
BRI ZR5 H SQL 5 F) 0 RLRIPAT 45 3R

TNGRAE 55 et 2 fAE T EE5EE TR SS, AR AR XM /R ER
B EREATHERRIRE . [BIAE TR 367R S — A W LA S 3R I E X B R R 0,
B % ) R IR R 4% 2 B BCR ARy, UK, IRBIEG, 10 R S Lk
PRI AR, AT BN NRAR EHEy . B fE . IR B — 51 LB,
Ko Ht, BRAEFUIZRI AL (2 BEHLRFER SQL 1H 6], BRI =4 GE N AT I
FEFR 2] 8 B ARE S HEE N R 8. B 82X — 5, TAPEx KT SQL EA AT
AR EME— R TN ZATST . IEANFE K 40t BT o i), TaPEx MU ZR 54375 Ak
Jl g5 B SO I RE SR S KIS R Z ALAE T, TR AR ) 4 A A B 2815
H AR T SQL 1. A, 4% — R HATI SQL BRI — AR T,
TAPEx B 56k SQL Bl AM P HIL IR T PHEERM A LS. K5, il
— A SQL $UAT AR (W1 MySQL) SRTGEMIMIPAT AR, AR R R i 2 i) f H
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AL AR K A 22 iR S

FTRATIAR S, R — AN SRR RS B 25 < AT SQL iR A IR A IR A PAT S5 2R,
AEAEBE A IRE T BIE SO B S AR

442 FUZIER

un ERTIR, TAPEx A F 0 00 ZRiERE G B A 2 A i AL R M A SQL 15 A, (it
AR /NI 73 A G A T 3 EHE R

(1) A RARIESF

AN AR — M FH T 2 T 3R B e A A D TR R ) A SR s 144-45), - [t TAPEx
3 A TF R G AR ASAE N TN GRiBRLEE () R A RUE . SR, ST AN TAE R EHE A
CERL AR AE, 23T R0 SQL BB AL AEME, TaPEx R FEE JL TR
A DLk G 5 B LE T SR B 10L& BRE 8 A L

DK, TAPEx 37 K HUICHCH e i J5 A58 FH AU e (1 S ms, TR HEMNCH KA
ILHAR U = B R . BAARSR U, TAPEx AT 334 WikiTaBLEQUESTIONS [62]
ISR H BENLIESE T 1,500 5K FASAE R TRUIZRIERL2E 1) 2205 .

(2) SQL IEA &AL

T SQL i & &M IEFEE SQL AN, FUbe T LRGMEM& . fERT A TAE
H, G SQL BRI VEFE R DI AR (1D R R SO SOE R
AR SQL BRI, (2) siffilfk SQL AR A= pi SQL 1BAJU37, TAPEx R 1T f5#, Rl
i szfitk SquaLe 4RSS E H EhEL 162 4 SQL ARk A B SQL & iflifA]. SQL
B2 K SQL 5 ) A& AH SCHAE B il R0 N 2R J5 43 201 . fF14n, SQL 4%
# SELECT num; WHERE text; = val; "1 num; Ml text; 737 %F N — A5 51 F1— 4>
AR, T val; TR text, FAER AN IO IME .

255 — A SQL MM, FERFRSLGILIT, TAPEX 4335150 Hi M SRAFE 1) (1) 22 4% 1 51 A BT
FEAE F S B )4 R 78 SQL AR, AT A4 B — S A ) SQL 6 4) . (AT R A2,
PAT AR NT I SQL BB L5, I ZS 145 RICIER I S A e AT 132
B @RI, TAPEx AT DL AL & & ot & T ZRiE L PE . [E]I), TAPEx i&
AT LA pH b ) TR 2508 0 B, RIS AT LA BRI TR 2508 2 TE PR 22 110
AR SCSEEG H TAPEX A58 R S K I T 2535 LS T 5,000,000 4 SQL A i1 4] FIE Al
PATEE R . £ T30, BRAEMIFRUEIT, 5 WA 1) Se e 45 FEAT BRI\ 7 S oK ) Pl 5
TE BT AT T 2515 31 1) 45
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HUE  G9ME ARSI B AR 5 1R SR T

45 ZW5IIE

FEATT R, =AML 1 55 BRSO Bcdia S SRR Rl 7 A & S A i as
BE SR RAIA R, BLEIIAT 51 3 TN R A A i .

451 SRIEE

F 14 LB AR E BRI S )

il B iy N7 151 R L s
WikiSQL How many CFL teams are from York College? 2

[HEAD)] : pick # | CFL team Player | Position
| College [ROW] 1 : 27 | hamilton tiger-cats |
connor healey | db | wilfrid laurier ROW] 2 :
28 | calgary stampeders | anthony forgione | ol
| york ...

PlIRAEE: A %V CFLIRINR A A R FIR? B E#MiF: 2

WIkiTABLEQUEsTIONS Which album released by the band schnell fen-  The Sound Of Trees

ster produced the most singles appearing on
the Australian peak chart? [HEAD] : Year |
Title | Peak Chart Positions AUS | Peak Chart
Positions NZ | Album [ROW] 1 : 1988 | “whis-
per” | 58 | 42 | the sound of trees [ROW] 2 :
1988 | “love-hate relationship” | 81 | 46 | The
Sound Of Trees ...

Pl A& E . FR—FK schnell fenster RINK A E#IF: WAL E

T EHAL R AN LA dAF LR
%7

SQA Where are the players from? Which player Ben McDonald
went to Louisiana State University? [HEAD] :
Pick | Player | Team | Position | School [ROW]
1 : 1| Ben McDonald | Baltimore Orioles |
RHP | Louisiana State University [ROW] 2 :
Tyler Houston | Atlanta Braves | C | Valley HS
(Las Vegas, NV) ...

WA B R A i Eids B E8IE: KA LE
B ARN 2 K52

(1) BIRES TN IER

REIRFE T =AM 55 W BHE U NT BUE 4£ WikiSQL, WIKITABLEQUESTIONS /1
SQA 1EAysie f A E AL, HA WikiSQL F1 WikiTABLEQUESTIONS A& DA ) -1~y BLA #4) 22
(1), T SQA M — ANl A A R R R AR . WBEIAL 22 ST MERE KRG, WikiSQL A
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AL AR K A 22 iR S

K15 BEEMEG T

HiEE E ] CEHE RIEHE
WIKISQL (HE AR 87,673 24,241
WIKITABLEQUESTIONS =R RS 22,033 2,108
SQA RN UE 2 17,553 982

SQA AEXFfET B, 1] WikiTABLEQUESTIONS AHXS I ME. 5 H 75 BLAE R A B ok L4798
(Filter) MR 4A (Aggregate) ) WikiISQL i 8 AH L, WIKITABLEQUESTIONS (4 £ 75 %
B BAT S 2R 4R R ), Blannt 45 5 RS BEATHEF (Order). 3R 147K 7 =4l
e ERBE A N RG], SN BERRRRESETHInR 15K .

XA S, BRI FR bR AR e B RUERE R (Denotation Accuracy). XJEEAS
FEARTT S, BRI R 5 NBARE B R e 2R, B RUAEFE N 100%, 5
M2 ZAER N 0%

(2) =@

AR E R H I TR B T fairseq!® SCHLA . FERERSTRUIZRINAIE], A 2 AR
£ 50,000 ¥k, FERMEAL LA 256 NTUNGRFEA L LIRS B P IIRRE, 2%
W E N 3x107°, 7E 8 £k Tesla V100 GPU I, KM 752 36 /N BRI AT 58 i — IR I 5
FERE R OR ), WA 22 £ 04K 20,000 Yk, BERARALAE T 128 AN i a5 1 RE
A, HJREWINGRRFE—3 75 SQA MCHISLIH, MFAFEMESIFEESRE
B, DR A AR B SR B ] B (1) 7 VR A B BB 5T, BRI ) s e 5 M ar e H ARE
B UHEE NN, W3R 145778

452 SRIGHER

K 16J&R T ARBEAAE WikiSQL _ERTHERE, HH BART M1 TAPEx 70 AR T A&
T SETR )3 T BART B2 (1) A= pl X 55 W B SUREATT 77 VA R0 BART A58 AL i 4% 22 11| 25
SRAL S XS BT (BRI, Bh& PR & R AT FriR 7 5 IRBEN LS R~
PERE, XIER 173 18t 2 antk. [IEwsR T prf@ssi), Bl BART Z i JF %A £ 55 &
B BT A S H i b dh A7 i AT DS I 25, (B8 Bkt T DAYE WikiSQL frI iR 52
FHUS EIA 85.8% M SRS, RIA R S HEAUE I EUE SEHUE B R E R
CLZ8 AT LT O N 1 55 M BTG SUAR AT 732, B0E T 2B il 5 B 5 55 MR B8 A
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R16 ANRABHAE WiaSQL HiFE EREREME, HH o KBNS EH TRFRE

=E FE&E Mik&E
MAPO [64] 71.8 72.4
MeRL [63] 74.9 74.8
Abstract Program [1%] 79.4 79.3
Discrete Hard EM [68] 84.4 83.9
TaPAS [#4] 85.1 83.6
GRAPPA [46] 85.9 84.7
Discrete Hard EM + Execution-Guided Decoding [**)  87.4 87.2
BART (A757%) 87.3 85.8
TAPEx (AT592) 89.2  89.5
SeaD? [140] 90.2 90.1

PRSI R AR, FER TAPEX 3958 )5, A5k DRI OL S0 1 iy Z 2%
A BN, £ WikiSQL IlA4E b, TAPEx 153 1 89.5% % R uERfi%, HILA A p
R AEPEREIE 5 2.3%. TE BRI R AR ZELAAY (Discrete Hard EM + Execution-Guided
Decoding, & HCRAT i KACHISESLIE + PAT 51 SRS ) AEHEREI B[R 1 SQL 34
1745, TAPEX REHUASIXFEHIR BRI A SR &, AITIEEE 44 K55 B TS ST
FEMEREEE WikiSQL _EHUE 1 S et AR, IR SRR PRTE N ST LAY SeaD
AT 7 AT LU R RE, SeBL 1 99 B 2 S ARAN TR U TR R A RE S5 R e AR E I 2R A
RUVERE AT ELI H AR

R 17078, 7858 B Pk s A0 3 v B4 48 WikiTABLEQUESTIONS |, A7 E L HfS
TRk 57.5% WIBEHETZR, WX ATRIFIKRGEE T 4.8%. HFER, SRR
BART #5278 L GRIAF 38.0% MU RAERAZ,  LLH At FH BT Z51E & BRI B R 0
RZ . X HER KN WIKITABLEQUESTIONS F Il ZR B4 S AR X 458/, BN AR R 1 5
Kol o7 21 99 W BHE SURHT AR SR B A 299 B X BART SRUGCECANXE. ANid, #4751 S 870
WIZR T2 TAPEx I AT LAk BART 4 19.5% FRIES0EE, 1X B TAPEx 7] LLE 2 5
/b BART X R RN AR BRI TR SREFPARE T R F LT SDCUP
FAEL, AT 920K 5 99 W B B i T B 22 BE /N B T 2.1%, A NETRIEZ .

R8N T AFBALAE SQA MRS ERIRDL, Hr ALL 52 &) 7 1 B g %
HERR, SEQ &P A X 1T 1B R MER R, Q XS ER i e -T2 RUERR . N
R AT LLE H, TAPEX AMGRAEX IR (48.4%) R TP (74.5%) L#IRMG
TR E RN R . XFERIRTHFAES S, DN SQA /&> PRl O #7155
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ﬁ;&$ﬁﬁﬂ€WmhmMWMMWﬁﬁ%L%%%%mﬁ,%ﬁ@%ﬁﬂﬁ%%ﬁﬁﬁ?ﬁ
Zl-\‘\‘

kil F&E MWikE

Float Parser [0 37.0 37.1

Neural Programmer 411 34,1 34.2

Marco Grammar 4?1 40.6 43.7
MAPO 64 42.7 43.8
Iterative Search [128] 43.1 44.3
MeRL [63] 43.2 44.1
Abstract Program [12! 43.7 44.5
TAPAS [#4 - 48.8
TABERT ] 53.0 52.3
GRAPPA 1461 51.9 52.7
BART (A7J7i%) 37.2 38.0
TAPEx (AT7%) 57.0 57.5
SDCUP? [143] - 59.6

BAE SUBNTEESE, 1 TAPEX J& LABAAS SQL & AN B AL T TN RN, IEREY K L
NXHEAR. [FR, 5 BART AL, TaPEx 7F SQA [ KIEMGEEBIGIE 73R 17 L4
W, B TAPEx AJ DAMKCR B ZZAAAIK B R T 155 i B8 S AT 1)

IEUNAE4.3.2%  HFT A, AR RS WUBHE SURAT IR i [FIRE O 2R A A BE S R
Ui 55 W BB SUBTAE %, nTDURE G gt AT 2AF 5% 2] R T RIEX— 5, £ 19 ER
T2AEFEAR R A R, IR IEE — BnBE R0 & UL i e e I8
£ FROR, FEAE BAREIESE RO, AR P AR RS

1. 4 BART fE AT GBS, 2 AT55 ) 9hBe BB S B PE H ARSI 4R F it

an)
[aYay

2+ 2 TAPEx /ENTRINGRAE TR, ARSI GRIIEF AL AN K G, X R Wl 2455
7 3] AR B RE KB 20 R] DB I AR 5 i R B0 2507 1R 3R A5

453 LGSR
(1) FNZRRY I RE 4

TAPEX X FH I TR 254 T 25 S Tl 45 52 SQL 1B A AT 45 5. N T IR R AR T 25
JEEZAT S EIYERE, AT 04T T TaPEx £EiL 20,000 /MM AR WL SQL A if)iEA)
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HUE  G9ME ARSI B AR 5 1R SR T

18 AFIERETE SQA MRS B & RIEMHF

kg ALL SEQ Q; Q, Qs

Float Parser [62] 33.2 77 514 222 223
Neural Programmer 1~ 402 11.8 60.0 359 25.5
DyNSP [144] 447 128 704 411 236
CAMP [143] 456 132 703 426 24.8
GNN [146] 55.1 281 672 527 468
SCoRE 471 654 385 784 653 551
TAPAS [44] 672 404 782 66.0 59.7
TAPAS + Intermdiate 81 71.0 448 809 70.6 64.0
BART (A&Ji%) 58.6 278 653 541 570
TAPEx (A7J73%) 745 484 762 719 769

R19 EEHREREE LSEFVIGHERERRER

BEEIESE - BiriiEE BART TAPEx

WiIkKiSQL — WIKITABLEQUESTIONS ~ 47.4 57.2

WIKITABLEQUESTIONS 37.2 57.0
WIKISQL — SQA 64.1 70.8
SQA 57.5 70.3

e MEERKE, TAPEX fE56 M SQL PATAES ERIVERER LT, [FI2H 89.6% 1) SQL
BVE A AT 25 AR AT DA A A I . e )2, TAPEx fEidE (Filter) , R&
(Aggregate) MM (Superlative) FHICERIE BRI LE, RUIEAERKE I ICIEEEM
RBEHH EUERMERE . 2 T5H AR (Arithmetic) FlEE%E (Comparative) #:{F, TAPEx
WARIREF, o 7 e AR WEE SURNT 50 T s K BUE AR RE /7. ST S 22, TAPEX
Fe— AN T RIS RE . M TG NBUE HEBLRE ) AP 24840 1) SQL AT 4% .

(2) TFESS M RERV LRI 57 4

AT PRAR TINS5 ELARAE W ] | 2 AR B S 35 B, AT A WIKITABLEQUES-
TioNs FFR & ERENIPRIE T 500 AR, XFEATEAT T arass, JRER 20 HRE TA
[ 1) 1)/ _E BART M1 TAPEx (% i . & R Sor, HHEGT BART, TaPEx
FEFTA a) 250 BNV Re AT A W SR T, X R B A U7 AL G 5 1A SCA R A
ITERAHERL 1 BE
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20 EILEY 7 BhiE A, 1A DL AR B AE - I AR _E B R R

ia] 7R 2 7 Pl i=) & BART TAPEx
152 What is the years won for each team?
iEFE (Select) o N 41.3% 64.8% (+23.5%)
it A L PARS AR A IR ?
How long did last?
. ) 40.1% 65.7% (+25.6%)
#i%: Taiki Tsuchiva &7 % A?
What is the matches drawn?
. 26.9 % 57.4% (+30.5%)
iE: A SV HLR?
. What was the last Baekje Temple?
{& (Superlative) ‘ 46.3 % 64.3% (+18.0%)
ik MARRE —AFFF?
What is the between White vot-
ers and Black voters in 1948?
33.1% 53.5% (+20.4%)

Bt 1948 5F, G AL R A AL R Y
#‘EETS0?

Besides Tiger Woods, what other player
N won between 2007 and 2009?
k% (Comparative) 30.0 % 55.9% (+25.9%)
iE: RT RAIRE, ALK R A
2007 4F2 2009 F 217§ f it b3 ?
What was score for each winning game?

7748 (Group) o 49.5 % 66.7% (+17.2%)
it BHFEGOREGEINASV?

() FUNZAAESS T ESS 1 RERI R 3 4

417 AN TN SR TE L N i B Se e RE AU RE I . IR aT DU Y, B
f TAPEx FITfl HI RO T ZR3E0RE B2 B 3l & R, 3 KB ZRiE R AR — 27 ok
B AR o XA EE RS AN TAEAI B R85 0E 5 @R 2518 28 1l 25
ERERROR, RS ERORIUBRET o a0k BEAS R8s 58 b e 22 AT LUK, X
T1E WIKiISQL XL SAESS, 7 KIUIZRiB RIS 2 A2 15055, %5 WIKiTABLE-
QuESTIONS XA IR R AESS, FRIINGRIE R R I 2 AR5 B2 . ARy, il
FEIMPRINZRiER AU, BARAEAR BRI WiKiISQL 1 SQA #dlidk B RMEfi%E —H
RIFIG IS . B ERIE, S NS MEREBOR, B T 55 ISR R R BT,
TAPEX [T ZRiE R AR FZ IR .

(4) TR 7 R b

IEAIFEA TR SRR, BT (1 55 B SURAT T 2507 15 IR B0 SR R AR IR,
EAVEAE & ZER IR I SRR A e M iFE55 %2 ai. N T X i TAPEx 5T
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HUE  G9ME ARSI B AR 5 1R SR T

0 WikiTaBLEQuUEsTIONS |1 SQA [l WikiSQL ‘

’\g 100 ‘ L | |
E;r 88.1 8&8 8&2 8& 1
o
@ 80| i
s < 68.9 70.2 70.3
.k .
g
#‘é 60 540 56.1 57 7
= 48.6
= ’_‘
40 ‘ ‘ ‘ |
0.1 0.5 1.0 5.0

N ZRE R A ()
B 41 ARPURRTRIZRE R T SRSt ae R

NITAETINZRI R, B 427 JeoR 1 ANF TR ZRANASE T TAPEX FIHEZE Tl ZRA5 Y TAPAS
(441, TABERT 1, GraPPA*) 7E WiiTABLEQUESTIONS | {2 vl R . M AT LA #T
23, HER 10 T T)IZR%dE, TAPEx 7E WikiTABLEQUESTIONs AR IR A B K
T (+11.4%) o HEEISAUERERT TaPAS #27, TAPEx HITAYIZRAHLL TaPAS SKHL 1 200
REHIINIE L, ESE 1A T P AT 51 S R BN ZR07 R R s .

~ 60.0

©

B - .-

E 550 .

4 .

@ e :

I
v ool GRAPPA TABERT |
5 d .
TAPAS

PR

R 450 ]

Z 3

g

7 -

<5 .

CZ’ 40.0 |- .

2 n®

= BART

§ 350 ~e TAPEx (A J7i0) |-
| | Lol Ll | Lol | Lol

102 10~ 10° 10! 10

FRINZRERI R (T

B 42 AFEHEEGERKTIGEREME (B7) 5 WiaTasLeQuEsTIONs JF R 4RI SRR
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(5) BARABS EATUIZIES RN

FHEEHT A AR, AT i th AT ZRAE 55 19— MR IR ARE T E T 2R A\ e e
FPiE S SQL EiljiRA), MAFAERES . Huw Lk, 5 SQL AliEAMLL, EHIZT
] B PRE S0 MRS RIS L, ROUIXFE 18 O R 55 5 A 55 SN A
SR, ARG — A REE S [t SQL A #Iil &) 1 1 B ARG 5 f) T —RAE S 1.
£21 SQLiEH. HEAMEAINAMESA, URZERIESETELRB SQL BEAKEX

SQL #EifliEa] BIENBRIESHA BXE

Who is at least 28 years old?
ik 28 ¥ A L?

What was the last pick in the 1989
major league baseball draft?

ik 1989 F KL ARk A P oy
RE—N&EFFTRALV?

What driver came in last place?

SELECT Name WHERE Age >= 28

SELECT Driver ORDER BY Pos DESC

LIMIT 1 #iF: LA MHEERE — &7

How many competitions have no
SELECT COUNT (Competition) ~notes? X
WHERE Notes 1= 100 Wik 50 RRAEATIN?

How many times did they win after
SELECT COUNT (*) WHERE Result = 19877

“won” AND Year > 1987 &%13% 1987 —éf—)é’f’(h'ﬂ]ﬁm T 277 9‘ D&

What is the difference between the
chart position of july 21, 1995 and the
chart position of july 22, 1995?

SELECT  MAX(Chart Position) - i o X

MIN (Chart Position) WHERE Release #%: 1995 % 7 J 21 B &HHT45

date = “july 21, 1995” 579955 7 A 22 B 89 HEITH Z )
2% 7

Which other countries had the same

. ) number of gold medals as Japan?
SELECT Nation WHERE Nation !=

“Japan” AND Gold = (SELECT Gold ##¥: MEER&BRHE5H &
WHERE Nation = “Japan™) AR ?

) Who has held the office the most?
SELECT Incumbent Electoral History X

GROUP BY Incumbent Electoral History #iF: fRELIR S ORE?
ORDER BY COUNT (*) DESC LIMIT 1

SN TAEW, KGN T — AN SQL iEA), AR H N H AR IE & HIRR R,
HA %A AL TR 28R EE i SQL BB A & EEIFER T HRIES .. ZEMET
BART #J##, FE7E SouaLL i A0 $AE 1127 9000 4~ SQL 1E4] 5 H AR1E 5 HJ 1 T
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#+ 22 TAPEx-SQL M TAPEx-BARIE S 7 M ESBIEE ERAR B RERELE R T

BE TAPEX-SQL TAPEx-H#RIEF
WIkiSQL 88.8 87.5
WIKITABLEQUESTIONS 54.2 52.8
SQA 68.9 68.7

5 AT ISR ISR AR N H T 50 B NZRFEAR I PN ZRaE Rz, 7T LSRG —A>
FHEUBL ) SRS & T 2R iR . I8 7E 100 DMBEALHIFE Y SQL 15 5) 73 #r
JERTBLARIN: B i) ARE 5 L EIR T, (2 AT 68% ) HARTE 5 f) Re Ui 1
SN . SQL 1B A)ITE o R 21N T — LB AFE ) SQL T #1) F1 e ATTAH B R B 1 1)
HIRES ).

TERRTT  BARIE S WONZRIERNEZ 5, w] ME AT TAPEX AH [R] 9 701 R AN G0 A2
KAFFNZ ISk B ARAE N UAES ERVERE. NOTMEIX 7, TS0 R AR TAPEX #EFR N
TAPEX-SQL, T 7E I 25 AF 55 4l 1 B SR 15 & PRI ZR A Y 45 FR O TAPEX-H 2R E 5
F 22 RIR T IR TR AE R AR 55 B RgtERext th. MR RTLLE M, JEH 4
NV VFHE, TAPEx-H 2818 & AR S TAPEX-SQL AH LGB B 22— 26, fill, 576 7%
A SQL &R LEL, (] HRE S 2 REIIZrE A 7E WikiTABLEQUESTIONS FT &K 5
FRE R TR 1.4%. L4804, XMREEE I T B AT RE A2 PR A Y P i 2 1)
HRES TS 7 Mg, DR 2105 A7 MBI 0], BRTES AT E R <1989
major league baseball draft” £ SQL 15 ) HH H-IGARIL, THIX M E S _E AR A g2 T
INZRITERE -

4.6 KREING

AT, NGRTHE SRR S E N IOTERE, AR E LR 17— Myl EE
SCREAT T R, 12 R A A B ORI [ I A 1 SRR AT R R MR e R T 4% B Th RE
LA P T o 55 B R SO BT AE 55« A1 B BSIEEA B, ARFARH T — M AT 51 21
TN ZRT7 1% AR SR R T Al i 5 AR A 95 R SO I 5t R RE . 5 — it 2k
KB B ARG S B RHEA R, B 2577 1 1 T 258 k)2 i i BE LR AE SQL
e RRCINTIRS R 59 0 P G BUREEE 2/ S AN S/ )i R e S e B =S
SQL A AT I AR, I ZR ke stontl 1 A GRS R AR FPPAT 4% . A=A
N[5 R 55 B T SCRR AT RdiE 38 1 i SRR 45 R AR WY, A5 i B2 4 (10 6 P A e R 2R i e 59
L BE SURHTAR S5 A R . RIS, $AT 51 TN ZRJ5A Al A4k SR TH B s AR A 1)
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PERE, JEHAEMRBEIA R, AR PR A A R A foe v DAHRAS 19.5% [IZERS 32T T, 52
Ko TR, SET NGRS EAEL, AT prde th K I 2505 92 n) DA RS 200 i
MUBmE L, BONGRCRAEE & &, RINEEITA R LA BS RS E R, £
P Bt S BN e 2 R S o B AR PP ARTE T SR SR E R T

BRRMESARRTAE  ATR A HVE 5 AR BRI s, AL B L
BRI RAE I BRI AE =3 s R R AS AR BN, 5 B4 2 K A AE T
IR S B VRO CL B R AL VE [ A, BRI AT IR RO OR LU o {H 23 o B A% K
Chkad 500 SFTTHS) I, BRI B AF 2 B R AR B RN iP5 5 R, B
ETOARRREETNET, BN ATIETEE BB RN . LN, &
JTEIB IR — LU AN O HAT BRAR e 4 A% B KN, AHIXRE ) I 46 2 P AR AE AR DA 55
ERREARIYERE. R, AN EEROR AR R AT A A L T D& SRR
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EFHE FHRETHEEBRHXERBRESIBXNENGE

BERIIS AR E G HE I 5, R TS T 2R SO R S B TPk RE, A
B R KX Ul T SO AT A 55 A R D X 105 35 AN LA T SO AT, I 32 H 2 T S R 1 X 10 B
G5, AEAR MR RS S IE ST R A B 4 M E I 25 65% [ITERE .

51 5l8
, ﬁﬁgﬁuﬂﬁ,ﬁﬁm%,}

1896  AfEdn AP 14 _}»)) BEEREZR?
1900 EE RE 24
1904 &S EH 12 SELECT 1 WHERE %K
[= 7+ /% ORDERY BY -“F4» le
2004 s A 201 DESC LIMIT 1 -
2008  dbwE  HHE 204

2012 #%  HKE 204 _?9) AR ik B %2

B 43 xHiEE T RREE

B SARHTRERS IR T 7 o ST GRS TE S I UGE, RVFRCAE IR SR s B AR
T I 5 AR TR AR A RE SE AR S5 o TN TAE BB FELEX —AHEEE TE 0 A AR
S T, (BENNVES R PR B 5 [, 3 1 20 SUBAT IR AR G
WH9T. i 4307, FERX R Serb P o AR AN BE BB S5 0 SC I ) A1) <Ay G AE
WE—F254T 1 e Je —Jm B F Wiz 2, RS SO 1B 17 A) <AL E 2.
ATLAE Y, AHEG TR BB TE SUARAT Hh FH P b 20k O 25 HA 52 BE 1 AR TE 5 2 < [ ZE IR
—AERAT T K E R B FERIE 2, E R0E SO T S e v P R ) i FR AR
(Coreference) F14E& (Ellipsis), XA KU N HAAFA L. [FES, KOS vy
SR T 2881, MR E ST R AR R EE R AN B

SR, AHEG T 32 BB R SRV i B RG TE SCARMT, b il QT SO BT A6 2D 52 3 500,
MAH R E A S 1) R R T a3 . 18 SURRMT I 8095 55 H AT St T8, K3 T 95 40
U0 TR FEUO BRI M T, 6l 2GR SO B AR O EE
GBS ATIS3UO FOE A o] B A Hi 45 SQAIMY. filr, BHFEE st 7 LA 540
SEE SURAT B A, W9 SCHAR 4 SParClY R ST 4 Crasel™], (HIX S5 45 5
Z AR 2 5,000 DRFE, o H AR SR I S5 T SO B s 28 WikiSQLMY Y
RN — DB = iR B R SRR R ARE IR, B T BRERTE SURT, BRI
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IR PR TG E S IREh R T B R SR

X 1 O ST ER S R B N & St 5 WM. 1EW0 Guo 25U FreR B, A%t
T 2B OB EE S iE I7 X b AR G T 22 . B, VR —MBSZAA] 151
X B AR AR 4L, SParC H &I KT 48% (1) 1] BUAR 2B T K 1), X 5T A TAE
TEE S s g vk ) Be g A 25 Em S . DL E AR ER SR B, X U5 w3 A4 1 X A2 %) 1% =X
VB SR BT R 8 21 (1) 32 A

MR, BRI CEA R Z MR EINSEE . R RRE R O F
(bt A T DL Rt v v ST, A3 1 ) R o] LI ) A e S b, XX
2 SRR, LG BT SRR TS ST 1) 3 2 SE T AR R B A B UK T8
BRIEA] . W FOKE S AR T B 11 U A AR e R, AR — AN AT ST AR T
DA AA MDA AT, BT SURRIT I 50 7t v DA B0 FH 1 0 s SURR T -

St St T e A O AT A R O o S SR AT AT 55 M R BT ST
MXHEREGWHATAES N7 B TE U AT R AT AR 3 250 miE U@ T W, &
TET R 15 B8 T 5% HOE B AR ATT Rt B (R TH SRR I R S8 B AT 5%, TR 3 5 1 H A
K 18 A — ANEBEAR DG B ARG T S R ME SCEMMEIE SR TS B RE S . B
B 43 il ) AR E W2 A, s E S ARSI H AR S o vk E TR — 2%
177 k5 — mE Rz @R SAC AR B8 =S H s, DA B U
B T DA SR B AT S M B R 18 2 SRR AT

23 FRBEHRAEEERG], BEI—RRE RGBS K B RS

R4 —
B a2 m?
5k B BRI B i 5 e R T gt
o= AT C B S AT R BR G2 2
EEREEA). MEUEM C BRIk ?
=237
i R B A4 LR ?
- RIHE 7.
Bk A AWE?
FoRESA: A ARBEREHER?

SKBR b, FETFTBAES U, BTN AR CAESE 1 1 3 5 R T RRAREE bR A AR
M o 2019 4, Su FE2 YRR T URAT U R G IR E SRS, R T A4

VI L B i O R T 17 0 1 T SCARAIT ARV R R A ARTE O R R SO AT, AR R
& ORI O IS A T ST i el
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R TFBORA E S 5 ym 5, Hrh AN FEFIanR 23fx. 25, CANARD %4
0SB T 0Pl 2D S E A o 1 B ARSI B SR, R 2E SUBHTIE M T
FAOR T AL 51 AR B 55 R B AR 1 o SRR AT B An i e 2 . BRI, AR Sty
BT AN FE SCEHT B UG S B 4E FollowUp, ‘E85 7 1,000 NXfif, i T
120 FRANRI U R et o T XE B 5 1) B bR AR O, TR A B A TR R A R
AR RS R A A BT, R S B A AR R RS VR SR AR R AT T SR, SR
SERRI, W E S AT S N B TE SR RIS 2B ST IR, AT LK — A ke
B ST a9 R Bl 20E U I I 5, IR RIERAY 40% MRS . SRT, BT FollowUp
BAREMBIRZ R, PO AR IEEXEE S5 FIEREA LT, J&iemixdid =0iE U
PrVERER) T M. 325 5 (11 A RHR 2 B Al B0k H R A0SR U R R, A E R
T AN RS E SR STAR (Split-And-Recombine, #7735 B 41). FollowUp ik
B RS st FRiE R T, STAR MR RE 3 SCEXHEE S AR, ATt iE =X
B SUBHTRIVERE . BRZE, STAR W RAiE—NEECHE UM 2 E X E SUBIT I 3 TR
FERIE 65% MITERE

52 BREER

How much money has Smith earned
it LEMWRT VR
G How about Bill Collins
#}iE: b RATHRITR
> i’{;ﬁﬁ)\ S e
[(#E > siEesa
; it |
i How much money has Bill Collins earned
SHERE AT B LR T £ R
[EEEXERES |
o N
H B -
B IE Y IRAFTAE R

B 44 AETTFAEE: SIAEES S RRE RN — &SR 1G5 ORI S

AN AT N A S 381 i 3 5 J8on 18 XA SCAR T, AR B 3 i) 7 VR AL 2 AN S5
MRy CanlEl 44870 B8, — D UNZREF B 1 B S AR DLREAS X4l N, R i
XM T ESER EARES (WEH 1 “How about Bill Collins”) 5 A—MEH LK.
HIE A HRIES (U “How much money has Bill Collins earned”); %, —N{EH
RO TR SCAR AT HIE 5 L NZR0T ) B0 10 AR T ALY W] L B B2 TR B R HARE 5
HABER MHIFER . AT LVE H, AT BT t 05 020 0k 205 SUREATT AgERS D AL
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RIAESS, AT DARLF s CA R SR AR UM R ALY Fe 56 ploons 15 208 SURRAT R T e -
53 HEREXEEENHEELE

AR A BB G RIbR I U A B R VAN 4R R
53.1 HE&KRE

FollowUp ¥4l 46045 1 1,000 AMidid AR A ARIE 0 3, XEEXEE S 7 120 A
[FIfRMS, IR T 2 A5 AR4E Bertomeu S50 (R 78, Xl A 2
75% MREBK IR WA T E—4), It FollowUp $dE 4 i (BN 518 32 5 B A Al
YRIE P AR . HAIES AR — AR R BB S, AT AR ] RE RS AR
IRBABIG I BIET o MGES 1 H ISR Ui A S le— /MBSO T
TXWESA), RIEIEETERER RS IR EE . SR 8 %
Sy A LB A) . WA R E S A R B3R 245

ANTR) T8 ST 75 AR 7 A A 5, i N\ gk AT DU AR O B S AT S5 AR T
KLk, FollowUp #5458 H 8 A7 #AZR A FH 9 SC IR il bRyt it o s il B8 ot &, Hd
PRvERRAE F 0 N = B

1. FAERE: 4R TR BIRE G LR 120 5k SRR, GkEKEDE 8
ATAN 1 B BT R A

2. B AIIIE : ARV R e S TE RN RS D IE — L R BB ). S T 3G
HAREN Z R, beiEd RSB R — 508 SRS, 0 75 2 5 xR e o2

3. WEME: EIERAARE UG, A R BN E R IIER AT R, 5
B ST REARIR T B A 1) S T A R B E S A X FREMSHERE SR, SR
AR 10 MR R 255, W ORUEEEAN SR AR M 2 FEE

TESE AR B RIAIE J5 , ARV I8 75 228 IR E FThniE N B S AR AR08 75 401
FJ—RERIE S, 1B A — SRR AR B 58

532 TN s

B APFFE bR T HUB B S AN RIS RE X 75 25 1 25 RE 0T il 5 1)
TEAMGEERES A, A5INT 3 DR RPEfE R R EBRR F ) 5 A bR
TE R HS ) 2 ] A UL CRE L -

BLEU 5% 55 o] DA VR B IRAE 55 1 — N, DI ss S 51N 7 HLEs

24 PR Ehttp: / /github.com/SivilTaram /FollowUp
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AL AR K A 22 iR S

®24 8 MHBFIREE G HRAX MAES]

= =3t

EHEH] : In 1995, is there any network named CBC?

it 4 1995, AFA—A 4N CBC #M% 57
ot MHiH) : Any TSN?

#it A TSN 49°57?

H 5 4] : In 1995, is there any network named TSN?

B3t 4 1995, ATA—A4N TSN A% DB I?

5] : How much money has Smith earned?

#}iF LEMWRT IR

M Hi#]) : Compare it with Bill Collins.

#;]iF . Bl RATHRIA A,

5] : Compare money Smith earned with Bill Collins.
@3# DR F I 5 b RATARAT R 69 4% .

bL#R

&35 4] : List all universities founded before 1855.
ﬁé : PVB BT A 1855 F VART AR LAY Ko
i f] : Show their number.

EH g k3
# 5 %) : Show the number of all universities founded before 1855.
#iE H L KFR 1855 SF AR R LAIR?
W E554) © Which stadium has the most capacity?
éﬂ%ﬂé CRERARH H R ERK?
Wi *qH{#) : Which get the highest attendance?
iF  MEOAREFERS?

# 5 %] : Which stadium get the highest attendance?
éﬂi% DR EARE AN B R E RS ?

5 554) : How many roles are from studio paramount?
ﬁé HEZEVACRAREFEIAFE?
S A : List all titles produced by that studio.
TR PRI ST AR
5] : List all titles produced by studio paramount.
%31# (PR R IAEE B s 69 PR AR S,

1535 %] : Show the industry which has the most companies?
’333153 P BTN S KER ST,
| HI#) : Show in different countries.
#}iF  w EEERE &
# 5 %] : Show the industry which has the most companies in different countries.
é%ﬂu% R TRARRER N KER ST L,

|

1535 5] : Show all chassis produced after the year 1990.
éam B 1990 B R PT A R A
7A@ Sort them by year.
Y m  msan,
# 5% : Show all chassis produced after the year 1990 and sort by year.
@ R 1990 £ A 6P A R BFHE T o

15 554) © What position did Sid O’Neill play?
%&é AR R RATH A4 B ?
s Hi%) : Which players else are in the same position?
TOBE AN BHRATR AL E?
#H54) : Which players play in the position of Sid O°Neill excluding Sid O*Neill?
#|iF R TAERRERI, EHPAES R AT — 12 E?
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F25 REHEIRK
KEEIRAE R ANl
T4 BN, B K

MG HIOHAE 2018, KR
VI ] A, ROR, HE
b 5] ¥Z, ZFE
HeFpn TR, BT

PEER 92 UG bR BLEUUS (E g — MR 296 b5 2 AR A BN .15 4 Fis
FEE S A2 LT N(L < N < 4) 60 BUE 4 R AU e £ [ RO
LHIAIRBE BLEU F5biont N a5 W0, SATT B SUHT 3810 1 JE 3
B IR IOFI4) AR N P, — M AR DU T
A S P SRS B, R GINFE 25 . T AEANTU A S A b
VRS, A S A 1R BT AL A SR (5 L, AR T 5 g o
S LT RREE CHAE S  EL IR S A (R R . R 04— SymAcc 4
%36

HUTERE N T RPN 5 A% T s SURIHE 5 1O, A
{5 23 5 ST SR TS ), R T % 5 A R 8119 SQL
ARFIE R SRR AT —SORIE %S ANIITHERR. B, A
{51 WikiSQL AN b At (035 ST 28 Coarse2FINERY /8 5] 614 1R 75
FIXERI SQL Al F 34—l ExAcc SR IZIRR .

54 ETHOSEHENINEES

iEEA ENKE

EE(\- How much money has Smith earned ~ How about Bill Collins
'f ik LEMBRT 50K i b RATHATR
i b _ !

How much money has: Smithiearned  How about: Bill Collins

D S— I Y
2 AR
une
<§
l - P i
ﬂ’oé EEHY How much money has: Bill Collins { earned
% LRATHMRT 5 K

B 45 FrBARANER/NAAL AR M B AR BB 5 HT A
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ANET BB A RS AR S ) S AR A, AT AN 2 TR A A
HAK STAR A, ZEM BAEM AW HEARM R ES ). WK 450K, 2R
BN B (Span) Rk B2 B o B3R AR BAAL . 257 — N0l , AR 1 5 B FH 2R
T F5FriFE (Sequence Labeling) WAL BN FHFEERSWAE, PETH
TG S SL ) B B, BRI B 9 B TR ARBLRE , ML I — 2
BB BOM B ) s NAFEEE . A RES A, BAERNE SCEEE N
Berh R OREGEBIIEAS, M sF 0 A B i X7, T4 EAH B m] DA
BN — AT R X RS B B A . BN HE I 75 2 DUy BOR B AT 4
W, ISREAR R IR B BRI B B, B DAz A e iR A A 2 ST e 2ok
ke DRI, A FREZ A B A R — N A 7 ) ) R, A E I A R B s 1k 2 (A 1R 4T
KFEARAWARZR SEEUT LA R8I 58 AR I ZR ) H A5 -

5.4.1 RAEIZEH

B, & x=0,..x) y=01 ...y Mz =(2,...,2) BHRRIEESR], 2
AHRE S, Hodtn, m R LS BARE AT A4 (1 A% STAR B Py (zix, y)
(1 B bR 2 I AR IR BE x FIRMR y, IR IR 54 2o 2 Ay 038 X —50 {1z 2
VE SUSE R HL R, T LRy — N I ZRAT (0 SV ST B3 B OB N . 44 5
%, Y) s Proga(zlx, y) BRI T2 5] B AR £

L= E(x,y,z)~D[log Pmodel(Z|X, Y)], (51)

Hrh O FnNGEdE. BT Proa(zix, y) B, WS 1R, &2z thRE 7>
HIAR E x My, P Proge # TN —A> x My (& IR FE. Ui, STAR BARIGIAN T
PIBY BUVIE RS, JF4 & sl as SR I & 24 21 eI,

K 451 BoR 1 AE— Aol P B BT A

PR — BT B, B RNESRTR AR A T B B, RS R N
“How much money has”, “Smith” fll “earned”. & ¢ Fx~—MIF7 x,y) 7, AL
55— B BUW HARIE N Po(glx, y)

PEE B L, BRI T AN S LU AL B, R S i
B E A E S, LT LR Prec(zlg). TBEBHINIR, A2 FTHLI0E 3
IR AR A B e s S EARAL,  Hedn “Smith” AT “Bill Collins” #BJ& - A 44 M = A= 1
SR Fi4h, AR AR R BORU R A (10 Fr BO T A8 AT RE A1 SR
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BRI Proga(zlx, y) B9 H AR5 3X AN BUR B bR o< & 0] BUR 2 SRk

Pmodel(zlxv Y) = ZPsplit(Q|X’ y)Prec(Z|Q), (52)
qeQ
Hrh Q Fox A A BERIT > (x,y) 07 e BT T IR 3R 0 A0 AL B B R B
Fo B MBI, 7R EER A 9 Ak o S TR AL Proggere 2 2 RSB TN i) B 5 4],
[l T 18175 5 B Boxynyen FIAGA B, 3845 T 1 HARRI B R AR EL L,

Ly =B > Poidql%, y)Prec@q)r(z, 7)), (5.3)

7€Z qeQ
Horp Z R e EE AR, r ARG > v 22l R

QA Z M RIRFEAR Qx Z Rl 1 R AL At P i A (e s 1) o SRTT0, 25 Hh e =
[AIAEH K, A B BRI Lo 35 ER M REINFORCE 5AP, RIS X g A1 Z
BEAT KRR, RFERCRBUR, ARSI BONIRME . O 7 iz il, A3 —Fp AT A
THRALNGRERAE 7%, RVE JeXt g BEATREE, 1E g BE R A pnf ik 2. BARAMELE
ELARERAE I3 IN T VSRS, AEAZRAE T 92T UK b e i A (R i == [, A
A E MR I 2. PRIE, BRI A sl th— AN T PP A5 RAE 2R g BRI 2 Jih
PREL R(g,z), MR AR AT . 9 TSRz e, A3 (5.3) T AR 3 Ly
ATEME I N AR S .

Ly =B Poi(d%y) ) Peecl@g)r(z,2)] (5:4)

qeQ 7€

ZRE—ok, TR R(g,2) BEAN:

R(g.2) = ) Prc(@lq)r(z, 9), (5.5)

2eZ
B A] 2k A AR ARAL ) H A

K 467 T STAR BRI 457€ xy, RSB (BIPIEEE)), B
S[E5E Pree MIAUE ASRALIL IR 2L R(q, 2), BEET Py PTLLEIE REINFORCE 5% 2] .
TESE M B (IR @ik s, BRI E Py PIACE, JEI EHERLE g, MR P
AP ARAL LA R A A 3R (5.5) 0 3BT IXFNTTVE:, P F1 Prec W LABESSEUIZR, T E
AN XA Bl ZRad 72
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N ] e #4 R

RE/Ha BMER
S - = ——
C1 Cz Cr-1 Cr
69 69 @ - 5 r
?

T T T T - Softmax —

5. i

g | R
Thn Tul Tum_l Up
| t

EThl 'h,
LML) O]
t t

1 f 1
(©09 009 (©09 ©o9 (009 [©og
X1 X2 Xn Y1 Ym-1 Ym
How much earned How Bill Collins

Bl 46 STAR BEUREE: HFROMEHBR B BB 3R>I SE R

542 HOMER

WRTSCE, P orBr BN ZRiE B EDE Pree 5T P S8 75 HEIR, H3C
{8 F SplitNet (Split Neural Network, #f70 ) SKIGAK Py Q1B 465175, KA
HRTAE BRI RN, BRI 3R 0 T AR R AR S N E AR E S BT R SRR
HARHY, XT84~ 830,  SplitNet #x i —A =70 8k 545 R o iR B R Fg o 72
FHN 1A J5 2 B PAT IR 8 o EREAS A B PR S R &M R T — NSRS, 1M
AR HIME— 35 E 1 — PR (x,y) BIJ7 3 X R SCH T g.  PAR 467 Y
N A, RIONTESE A H ) “has” A “Smith” i) XF B Aok 58 45 R R4, DAY &
EEMEHATIR 84, 724E “How much money has”, “Smith” l “earned” =/ F B,

(1) HFrTHRBIZEH

WYL, A LELR RIE ST ) A /T 6) 58 BH{E B, SplitNet A #E F1E I 71X 9
AIER AT . 52 BiDAF (Bi-Directional Attention Flow, X [alyE & /i) HAU15S] 1)
Ja &, N TR ATE 2 B A2 BAS B, SplitNet # % TH A — N7 & /12 (Attention
Layer) MR,

FEBRN)Z, SplitNet & | =ANZ IR, 702 FR/F% . BEFEAR, ©
M3 ¢ ¢ Al ¢ KREIR . FREBIPHRN JZ R AR 48 0 2511561 g A A B 1] il S
Fl—EmdEmE. BRBRNZ N B — AN m i E, &R EAH Glove 4]
a7, JEEREE H B S R, 1B IR Z R — MY, H T X5
ERAM AR, B TR, MARETLLRIRN ¢ = [4: dus ¢l

MANZE G, MK 1812 (Bidirectional Long Short-Term Memory, BiLSTM) [80-%21
W28 3 TR ) N ) B R SU[E B e X TBEE A A A x(= 1, ... n) SR, 3
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ot 2 BAREIRAS by = (s, o 0 BT AL 0265 49 3 DA R A s34
- @ — -
h; = LSTM(¢(x); h;_y), (5.6)
— —
h,’ = LSTM(¢(X,), h,’+1). (57)

UHTEJ R EIER Ny o= 1., m) SR BREOIRAS w; T Dod i SR T k3RS . E
fFERMZ, x Ay FLEE—/> BILSTM 4,

BiLSTM R G4 A N 1 B FUE R, Bk . Hik, JEREE
AU SEE A M4 R W H=[h,hy,....h,] F1U=[u;,u,...,u,] 2 HER
P X N RO BRRUIR A A R, AAAPEAE RS (Similarity Matrix) A AT DL AN B 4
N HGH:

A = cos(H'U), (5.8)

FooR A € R, TTAEREROSS i 47, 40 SURIIE A, RREH T x Ay, Z VRO . 7E A
BT & I — K Softmax Bi¥L, SplitNet VAT 45 SV 24 31 (613 7 /90 24 41
SHEHERTE ). TR ROV Ry, A x AN BRI N7 y; IR
FUATTTE, 4 f, = Softmax(A, ), Ht £, e R 5 x 5T v, MPEEAAE. BE v, 3
AT B — A T TR 6, = S0, BTk hy SRFR . VAV T 7 L 2
WU y % T x BOTE AR, RS x RoRA by

VR IR, SplitNet LA F 7 s FIAE A AT x, Al y, BB R

¢’ =[h; hiQEi; hi+l®ﬁi+l]’ (59)

¢’ = [u;; wol; uy O], (5.10)

Hvie{l,...,n=1}, je(l,....om—-1}, 0 FREREFM. % c=(c), RHEHRT
MIBRBORAS T8, ZFFIAT LB (e, ... eo 1, e, ... o). Forfr, 58 ¢ AN B ALY
P BIEE S (W s ¢, + b), Hrh o IR Sigmoid BREL, (W, b} RS H .

(2) HrRTRED)IZK

ARPIIE FR, A A 5 2] SR M BE N LA IR AL T SR A AR LA IR 3[R, STAR
eI e A U AT B T R A I SR s LAYTER AL SplitNet, 285 AL
s IR E . BRRA (x,y) ATz Z TR A 3L 85, B AT AR 2 T I 2R
W EARTE a0 BEAS a #E —DREFA, PR REEGE 2RIy, BUERRE, M

90



AL AR K A 22 iR S

(x.y. @) BRI T —MUERREA . 4 Dy SICALYN SREAIL & GBI WIS e
WEIZRN B, 4 0 FoR BRI 24, BB HAREEL Loe(0) T

-[:pre(g) = E(x,y,a)~1)prc [log py(aIX, Y)]a (5 1 1)

eIk J5, STAR $EU R T HIMAE— AN Ba AR & 4, I RNkttt . B
A, I SRR AR RS, KR R, z) CKFES.4.37 b T Ui B 4 kA K 0 %
Bl SRR, BT H AR La(0) WR:

~£rl(6) = E(x,y,z)~2) [Eﬁ~pg(ﬁlx,y)R(ﬁ’ Z)] . (5 12)

TESEER R, ik = Al Py T F A AR I &, STAR fif | REINFORCE &y,
IS IER A pe(Alx, y) KFE M K a Kl E AR (5.12), Ho MBS ECRFEX
B NT AR, FiERIE N TR R 0T, R ST H bR R L
La(0) TR

M
Ly(0) = E(x,y,z)~2)[ Z Po(@ix, y)(R(@;, z) — R)]» (5.13)

i=1

S

E*Rz%wm@mc

1

543 EHME

A PN T ) BAAR A 40 T STAR BRI S8 BB (1) 415 FREE I
KV a)E, WA RE R@, 2); (2) WX} Pree HEATIIZRAIFERE,

OEA7:!

W H P &, STAR 1 JeMizs th T 18 S R ki xt . LU 470841, —BAG
B AERE P A, (x,y) LR Ir 20 aT DU SE . B x Ay 73 AR O 1K
BAM2A B ¥ BN EAL, STAR W] LR GEVEHIA 28 BT AT 1 b eI 77 K
MRy — AR, B BeZ [ 502 — X — 1, X EWRE — S Besls 5 HoAt
Fr BB ARAE LR (B 47 R EMPTY), 8 R 55— MERIh I —1
BO A R . & C R R ki T NS S, B 47H 2B G113,

XFFEREANE SR, STAR Ml BE R E A R — N EEA). —KkH,
Al A A S BB TR AT S R I  BOE B BE STAR LAE ST A N Bl A B B 5 A
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B2 (13) EENE 2 r(z2)
‘ How much money has ‘(— How about |, (— Bill Collins N7 zZ 72
EMPTY ¢ | Howabout |,| Smith [«—[ BillCollins | N\ Z2 100 \
¢ ‘ How much money has ‘(— How about |, »EMPTY(— Bill Collins AN\ Z3 64 ;)
\ Smith |« | Howabout |,| camed |«— | Bill Collins AN\ z, 75 /
| BMPTY <[ Howabout |, |[EMPTY ¢—| BillCollins | N\A  Zi3 g
xy) How  much money has | Smith { earned How about { Bill Collins
a (&8 ] (&8 ] (88 ] (v2]) (92 EFREDNET

B 47 FE_PrBERETTEREE

tban, 7R 479, C HPHIEE AT XN A H 5 A) “How about Bill Collins earned”s %f 14
HA) o B At B, AR EAT S 1 — SR (E B IR B 91 44 B A PR TS IO 1E, '
I N BEST A A XA H 852 9 7 ANBOE A RSO (BN, HREE
W5 “Which opponent received over 537 attendance” {ENiEHi%], 1 “And which got
the result won 5-4” {E N4 HT 4] SR1M, WA HHTA) A 7 B &K, STAR # LY
HIA) A 2 B 5 A

fEBEIBUBTON ES LR, S B MO T LU B STAR IS 3.2 A A4
BLEU Ml SymAcc R @ER . 2%, 2~ (S.5F W r(z,z) ] LLld BLEU M
SymAcc HIZVEIIATHEAS H, EATRIBCE A S o M B KR,

(2) ELRERE)IZ

B T AT RS, EABI P BB ZE DR KA A R (5.5 I HARE . A
TIIE, AYE LT AR F e RV, Hd N, 5N, S 0RE x Sy
BRIOHORE . BN S u AT v BIRME F,, AR T x B3 u A BORL y 1055 v A B i
MER, TZMER R BN R R EERZAUE (Cosine Similarity) 1521, 54
AN TAEUSS, STAR {3 F] BILSTM B M B _E Rk A MRS p [, om0 BILLiX
P B A SK AR 1 BRAE . B, 368 BE (i x) K06, & AT U [hy—hy; hy—hy ]
KETR . 5 — R SRR ¢ € C, FEAEXT R 2 KIBER Proo(@a) 37T LU R
g(u,v) LIINEHE IR

Ne Ny
Preo(#a) = PEIF) = | || [ stw.v). (5.14)

u=1 v=1
ER U, R x 5 u DBy 12 v AN BAFAETE SR, M4 g(u,v) = F,,s
HIEITE g(u,v) = 1-F,,o A T LA, mtal LLUEE B 3hio i 2 im i 2 2K (5.5).
N T RN, IZRBr B B R 75 e KA AT (5.5)IIRILAR Prec(z*1@) RIF], Forp
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z* =arg max, ,(r(z,2)), R~ PP A B b i i L 5 )

(3) ELRIRBIHETR

FENZRI B BT AT R S 4A) 2 f996 5 N (CliTH R0 35 A AR E S A
Z IR RS R BN GIER) 2. SRTIAEHERP B, PR PREES 5], #HA A g
MF PR32z . BARH, X Hura)des v DB, ALk BITE S A 5 T BE
MR BLu = argmax, F, . #5, S NESE A ENBHE LAGETE RG2S
e B R, >= AN, BABASE SFra s v DR BUS w TR 5, B IAE N
TE S ek, IR ERTIR N E SR, AR R] DB I E S R 45 R 2
P2 — A E S A,

0

5.5 SLEGSIEE

AH7EE FollowUp A5 E 78 70 (0S50 R Bl STAR T ik iAT 2t Heh At 4
SRS T 255370 .

5.5.1 SCIHEE

FAGERKI P FIEALPGEE STAR (AL . b fs 7 BT M. T FF
A I LR TR AT AR 1 = KK

Concar : fi a7 FL {3 T RN R AR R, & LR TR 58 A AN i R PR AL — ke

NEFA], AR LR R S, HAERNE SR 5ER LR T

T KA A ZE I

SEQ2SEQ : iiE R AT AR Fr AT, SR e b e A S A i Y

CopYNET : it R B 177 51 2 3 SRR, a] LU 55 A0 R0 24 iy A b 2 = Al

S RHfERES A,
CopYNET+BERT : £ CopyNET F)FEA F 8 F &% 5 i3k 10 T R4 B BERTH #] 46
A= it 28

E2ECR : i 23347 FRARTE MR AR A0S0 (B 15 R, SO0 I AT B B2 A

VEH BAE IV R I AR R AL #F FollowUp 24 L HEAT 14, K4 FollowUp %i

P R A RLE B FAR0C R F T R )l 5.

PyTorch! %! FI AllenNLP!60! 4 {7 FH SR S STAR, A2 11 1] 8k N AN FREUIR 2 1 4
#72 1000 BT Adam'SU VRO 35, i M AR DI SR ABE 2R 1) 2 > 224 1 e
N1 x 1073, R S] R ) 27 2] ZR AR 1 x 1074, #£ REINFORCE 5% SEB)
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b, BSECREESE M R E N 20 X THANESE, o KENO0S5, BIXENOS, LI
AWEN 0.6,

552 SLIgEER

26 FollowUp FiEE AR T BRI AR

REY FL&% Mk &

SyMAcc (%) BLEU (%) SyMAcc (%) BLEU (%) ExAcc (%)

SEQ2SEQ”] 0.63+0.00 2134+1.14  050+022 2072+ 131 -
CopyNET!*?! 17.50 £ 0.87  43.36+0.54 1930+0.93  43.34 +0.45 -
CopyNET+BERT*!  18.63 +0.61  45.14+0.68 22.00 +0.45  44.87 +0.52 -
CONCAT - - 22.00 + — 5202+ — 25.24
E2ECRI'*] - - 27.00 + — 5247+ — 27.18
STAR (AJ77%) 55.38 + 1.21  67.62+0.65 54.00+1.09 67.05 + 1.05 65.05

265K [ AFEALZE FollowUp ## 81 K S A4 1Y) SyMAcc. BLEU
ExAcc, FkgH RILH R IR 5 AR TVETE 5 ABEALF 7 S2596 45 F 1 X8 Aks
#. M SymAcc 1 BLEU K&, 1EIRMEH A 2K, STAR XM Ehr B R T
P A2k, Fltn, FEaRAE B, STAR AL el 552k E2ECR £ BLEU E3k45 1
1 14.58% MZaxf i, Fms g AN R0, £E R A BT 05 07 206 T X061 5
BAT SR ULTE INAEE, PR RIS e 07 B (0 25 TR0 1Y) Conear, 9 HEE T 51 AR R
[ FELR AR B CopyNET R ILTELF .

M ExAcc KF, HWA T IMEELETA L, STAR [FFHA R T i PEGe
65.05%, XK T TAH L LR AR R o 1T A AT B ) B 2R A2 Conear ML, A
T NI T SR AE SURBHTRETY CoarSE2FINE 18 %1% 218 ST - #E It 39.81% Hi:
BE. X —5 A ST MR T S B S AT I B, LR IR SURR BT 2% 6 1 52 R
B N E SUBHTAE 55 T ATk

553 SCIGHR
1) R4

AHIRZR T STAR [IA ALK IS UERRE R 5o 7 e vk IS Bk . I 27, A
=ANERI AL AR BT A 4 3 Sl T
- Bk AEVIr, RIEWRER AR LI AR Fr BOKL AT 28 BB
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# 27 FollowUp FFRE L STAR HERUR [FI 2SR 1) S2 56 45 51

RIS SymAce (%) BLEU (%)

45 55.38 67.62
— F—Fr B 40.63 61.82
— BB 23.12 48.65
= 41.25 60.19
+ FUE L) 43.13 58.48
+ A 45.20 63.04
+ 512 ) 53.40 66.93

— BB AR, AR AR BUAEATRENUSE I, oA LA T A A5 2R
—SBUEFES] AR B A #A R S IR R .
MEERE AT AR Y, 2 Al 2 — B BN, SCBiA] PR B K SymAce M 55% BLEI T 40%.
THRNER B BUE RO R BETE L, AR BEIRTS 23% [OCHE A PR B R . X R E N[
WIPERER WIZE — i BOM 28 i BOR R R AR AR B2, Kol A SIB BUR AL I 1R g
R, Bk 1A st > U112k STAR 24k

80 1
= — K
= 707 + bR
8 — + HAEX
m 601 — + R
50
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