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Text-to-SQL for Korean Language based on Multilingual BERT

Hoonsang Yoon + JaeHyuk Heo * Jeong Sub Kim - Pilsung Kang
Department of Industrial & Management Engineering, Korea University

Text-to-SQL is one of semantic parsing methods that converts natural language questions into SQL queries, and
it aims to extract data from any relational database without knowledge of SQL query configuration. Although
development of large amounts of datasets (WikiSQL, SPIDER) and development of pre-trained language models
(BERT) contributed to the improvement of Text-to-SQL performance in English, language-specific dataset
construction and model research have not been much progressed. Therefore, this study proposes a multilingual
BERT-based Text-to-SQL methodology that converts the natural language question in Korean into SQL query
for an English database. To this end, four strategies for translating Korean queries into English were explored,
and their effectiveness was verified by applying each strategy to three text-to-SQL model structures. As a result
of the experiment, it was confirmed that it showed a significant SQL generation performance even for Korean
questions. The proposed methodology is meaningful in that it shows semantic inferences between database
tables, column information, and questions composed of different languages are possible, and it is expected to

support efficient database access by Korean users who lack proficiency in writing SQL queries.
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493t HolHE 28422 ARste A2, tfFe

dolH =9 AL #7t BFAQ tAY ER o]
Aol ok sl B4 3 2E 4 EoflA U F&
Aol B2+5 11 QJth(Zhong ef al., 2017). BAE tlo]Ej o] ~
A2 SQL AEl & T3 dlolEwlo] 2o HE H +4 5
o P& At SQL Hele HEAT &84 0] 2 %o
oA ¥k A&7} At HiolHE AFEA tF7] e F
Aol g AAshe TET 5T Aol asy] wid
dlol gl o] 2o ti gk o] 7} §l= 7199 dut A dEo] Ak
A dolHE &84 Edle Afoz 43| E it

(Zhong et al., 2017).

Text-to-SQL-> #71 % vl o]l o] 2o T3t Ao Mo &
SQL # 2 2 W gtaf == o w] £4] 71" & st = A1, SQL ]
TR g oja|7t HESr et E dlo] B H|o] 2ol A Y3t
dlolelel 4A 2 9 28 F AEF 3t SQL HIAE 7}
S HI &S doksta AL A HloJE S8 EE Fole A
22 0 2 3tH(Wang et al., 2019). Text-to-SQL-> T & 2] W%
up= go] g Alo] FA|H o] o] #H AF7} ZutF oz F7}
3ta glom A WAt HolE Mo 2E B Hol&
o thk Ak¢io] 2 of o} SQL A2l 4= E£Fstal 3= WikiSQL
tlo] ] Al(Zhong et al., 2017)3% T+ Elo] & that A4 of A
o9} SQL #H A& 3= SPIDER ElolE A(Yu et al.,
2018)°] SiTh. 7 dlo] B Al A o] Ho)9f ¢, v o] Ejw o] 2
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Hlo] & 7}, SQL F 2] Fo] = ol A Aol & Ko7 wj o &
3k shte] wlolE Al &89 AFE0] £ 5 A L(Hwang
etal.,2019; Lyu et al., 2020) 2.t} ¥ &4 0] E& Text-to-SQL &
9 722 9ol F7HA ElolE Ale oA 283 A5 7
5] o} StH(Wang et al., 2019; Lin et al., 2020).

Text-to-SQL 22 ofu] 4 7] oA Ho] Agste <
F-g3Y F2E 780 g 27] AF7F AR ATHXu et
al,, 2017; Zhong et al., 2017). AHd EHH Qo] mdlo] 2o
Al FoFl A F24-E Bol7] Aol AATE w8 A %L
2 A48 2 H(Hochreiter and Schmidhuber, 1997; Chung et al.,
2014), A =2 A5 Hol& 4l ZdE2 BERT, Roberta
(Dev in et al., 2018' Liu et al., 2019)9} 2-& tiF 29| AA &
3 on oY B4L FADT Text0-SQL %
Aol Aoje} bolg o]~ ~7|mHE o]

w2 3 AL S (He et al., 2019;
%4_ ?i?c & o] 9 F7HAl
Z& At dE

S0}, RAT-SQL(Wang et al., 2019)° 1}0401 99} ~7)w}e]
EZ 7t #AE AFY Aol §H938t 2.1, BRIDGE(Lin
etal, 20200 A & AZH o g3t s FE3A
39 FAE tiste] T sk B4 GA gt

] /\]‘:Qcﬂ %ou:] rﬂ:z;ﬂo] u]— REEZ, :[Léoﬂ E%}-Q ;Q
& 2 A4S 7} Subtaskol] BA 73t WAl(He et al., 2019;
Hwang et al., 2019; Lyu et al., 2020), Sequence-to-Sequence
(Seq2Seq)SF Z2o] 3k EE A AA3= WA (Lin et al., 2020),
aglx 3= A4 JHolA Bo] AE3SE Abstract Syntax
Tree(AST) ¥4J(Yin and Neubig, 2017; Wang et al., 2019) 5©]
At

A Text-to-SQLY] tEA S WA nl3 dHoJg AL 25
FoAZ FAF 7] W Eo, Text-to-SQLS 3 7jdtd =
d= GA g FE Yol AFEE Ado] A& SQL A
2 W3lste 722 AA 5o Yth(Hwang et al., 2019; Wang
et al., 2019; Lin et al., 2020). §o] 0]€]e] AAZ= Fof WA
nt3 HlolH Mg T30l B HEWE A s4¢oR
W3 § o] & AAE9 dol2 T4 Ao Aol tigt
Text-to-SQL AT A7} 25 EAFTH(Min et al., 2019;
Nguyen et al., 2020). L]} @0l ol A thajj A = o} 2 74A] &
A A7} o] FAAA GFA Uk ool E AFoA = &
o] #A Y tolE M o] 29 27|t Fo| & T4 Ho glont
Jofl FAGd AHEAY AojE o2 JE = FFAA o
=0 BERT(Devlin et al,, 2018)2] A4 & &84 d=of 2l
o]-gof dlojgmo] 2ol that Text-to-SQL 71H& A+t
th. Aok B8 Y o] Text-to-SQL Bl o] Bl A(WikiSQL)dl
gk v 744 Hd% 7lfa 2 88} 3o Text-to-SQL Hl o €]
AAEe T8 1 EHE AFAT AAH o= W g
=0] 29 Text-to-SQL Hl°|H &Oﬂ thal Ak e A
3 A3 Hlud F43 S Ueiglen, ol 23 & F

e
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) ghojo] thak Text-to-SQLY 7HsA S el thE H o
B A7 997t At
B =Y e e 2ok HA AR e GO E 74
9 Text-to-SQL | T Al Wl x| wp = gl o] Al & A2 %5
HY7t2 SEH Text-to-SQL =, 18l
Decodingoﬂ 3l &7 ek A3 A = F=o WikiSQL Hlo
Bl Al TSt 2 of thshe] &) get Aldzol| A = gk o]
Text-to- SQL°ﬂ 3t A 23S At A AN = E AT
of ojejg} A - AT FFol A =23t

Execution Guided

2. W A Text-to-SQL ©lo]gj Al & 2l
2.1 Text-to-SQL H]o]E1A

2.1.1 WikiSQL

WikiSQL2 Zhong et al.(2017)0] &8 2719 H =9 U &3
Text-to-SQL HIO|HZA, Y& §7]3tjo}o] =24 Hol&
(table), 3 Elo] Eol tig Ao} A (question), 18]I A}
Aol Ao)E Weal SQL A & (query)Z TAH o e} 2o

Ao oz st HolE WolA *}%XP} k= gtel
g dzolm, QL A= F dwo] AE FE317] 4

8 dolg o] 2o HFsh= et SQL %’HL SELECT/
WHERE/FROM HTHo & FA o] glom &4 Ho|Ed o
gt Agjol7] o Hol& 7 #AE 1T Bavt gle
oz @it ez FAFHY 9tk WikiSQLe F
2424171 9] o] £} 80,6544 Ao A el-SQL Al A
OS2 FAH gon g dolE Al o] del EAstd 714
Z TR Text-to-SQL El|HA S & Ho|& & 104
0]/ (71581 2,4207) - WebQuestions, Berant ef al., 2013), A &
Ae-SQL A A2 3u) o7& 26,0984 -
(Wang et al., 2015)) B &7} ti+F = s o] E] Al o] o},

WikiSQLS Z2H9-= A& 7o 2 g3 AR5 53 +
25tk 194 ol = Bhagavatula ef al.(2013)°] A A€ %
& 9713 o} HolH Ao Hol& FollA AR Aed 7
=5 T3 Kot AL HolEES Attt 2@ o
A NE EolEEd taiA T AR A T & 7HA Y HE
2l AHg-3te] SQL A 7F A ETh 3T Al ol M = o] EA A
AE Aol t-gshe AYd 7h7kE JE3 7uke] A7t
A E} 4SA A = ELE}TE 24 S 53 3gA oM A
H "E8 7|9 Hofg 9d& Fall Bk Aol Tk
%JAE HEste o] A npA Y sPA A= o]
A g9dd dejgl & 7|eke] Ao E E}—E— T Y AR
7} B7vste] S&3] W7t AT AL AT = A - u A
THOE F|F Hol&-SQL HF-Ardo] Ao A& vlojH Al
01] LA FIA "}, <Figure 1>04 WikiSQLO &4 H)o]
£-SQL Ael-Ado] 499} SQL Aeloll thgt A& A E
T Utk
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Nomination Actors Name Film Name Director Country
< Best Actor in a . . )
] Leading Role Okraina Pyotr Lutsik Ukraine
u Best Actorina ) Barrel of Goran )
e Supporting Role Dragan Nikolic Gunpowder Paskaljevic Serbia
WikiSQL Database
. ’ . . Srdjan .
Table: Stozhary ‘99 Prize-Winners Best Debut Rane Dragojevic Serbia

. Question 1

“Which actors are from Ukraine?”

SQL Query
|=: SELECT (ACTORS NAME) WHERE (COUNTRY = ‘Ukraine’) FROM (Stozhary "99 Prize-Winners)
Answer: Yuriy Dubrovi
s Question 2
- “Which actor from Serbia was nominated for best actor in a supporting role?
SQL Query
T
¥ SELECT (ACTORS NAME) WHERE (COUNTRY = "Serbia’) and (

FROM (Stozhary 99 Prize-Winners)

Answer: Agnieszka Wlodarczvk

=‘Best Actor in a Supporting Role")

Figure 1. WikiSQL Examples

A WA AoE WikiSQL LHoﬂ TE e HolE F
StozharyZh= G 8AY] 4 7158 B2 Ho| Bl tsld, A
27t S-Agtolyre] Y3t ¢-7b FFEAA O o FEolth
g Ao thste, A F& EZ3817] Hdl Helsdl A

FaoF 3= SQL Ao 3 D A2l AAAAL 1)
255 4go] A AN Uk £ 8
= WA Aol A WA 4S9 GE 4 A

5199l BA) 294 FRE AYH A4S BT Yk 3,
Aol Ao 2L Holt o] EATHE thke g5l 428

7 9% AR aqolgn & 5 9

2.1.2 SPIDER

SPIDERE Yu et al.(2018)°] 23 A= 221 20071 9) ©)
oJEfujo] 2 ujo th5 Elo] &3} 19 /o) Al AE 3}
#-S 23513 9t} SPIDERE 7 A9} g o] 3] 4tk
A dolert d7Eo] glom SPIDERY SQL Hele
SELECT / WHERE / FROM ©]}o]] HAVING, GROUP BY &
32L& Aol go] x5} 0] SQL T N $UEE 7

EEP D EER SR

2.2 Text-to-SQL =&

HA 9 e A5E DATE Text-to-SQL REEL 357
A F27F AR o) Adol AEAA FES E=E|U
+ Question-Answering 71" 7 th3} oA AEAL9] H2 &

FZ 38Ul = Dialogue State Tracking® 7+ 2jn] £4 7]H 9]
718 F29 §ASH7| & 8tk (McCann et al., 2018; Kim ef al.,
2019; Zeng and Nie, 2020). ®1 A, 2k o] 2 2] 9} v o] B} | o] 2
o 27)mp(Elol & ol 5, 2, & 5)F I 4 HoE A
3 2 wlol EA8HA st AL F U EE g of
T, Addol Ao s digstE A A LSTM, GRUSH 22
&3 A AE AHE5E7] = 8 (Hochreiter and Schmidhuber,
1997; Chung et al., 2014) 2ol = AH THEH tofd Ao
=8 (Devlin et al,, 2018; Liu ef al., 2019) & AH-&-34T}, Q3=
s 2t Bdo] A3 FAl 43 o2 e tIHE Fal
s AsHAl W 2 Ad o] Ao tf-g3hE SQL HEE AR
S QA Ft. <Figure 2> A A& 27]0f Q4SS Y E
0.2 AHE-3) Text-t0-SQL RS TIHAA 28 FHOE SQL
Y& E2ste A S & 5 Ut

ﬂl

2.2.1 SQLova
SQLova(Hwang ef al., 2019)%= Text-to-SQL &-okoll BERT ¢l
ol RdS T UAYS AFoE AL ARR Y7} A
H, o] Zo = Thokdt Qo] RS AF3 nHEY o2 E
7} = 91t} SQLovat <Figure 3>} Z©] Table-aware encod-
ing layer®} Natural Language to SQL (NLSQL) layer®] & Z 2
E A"
Table-aware encoding layerol Al = 2kd o] Aejgl Hlo] & &
HE9 3] EZES 43 (concatenation)dte] 3h1te] 1 )
Bl & TA T AR EHJE &% BERT o] RE & &8
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Text-to-SQL Output = SELECT (ACTORS NAME) WHERE (COUNTRY =

JaeHyuk Heo -

Jeong Sub Kim - Pilsung Kang

"Ukraine’) FROM (Stozhary '99 Prize-Winners)

[ Text-to-SQL Decoder J
- - - -
OO0 d | | [ I - O
Hicts) H 1 Hiar H Hiser) Hiommoarion] Hiserl  HiacTors) fiNam
- - - -

[ Question & Schema Encoder ]
- -

Text-to-SQL Input [CLS] Which actors are from Ukraine? ‘

r r 1 f . 1
[SEP] NOMINATION [SEP] ACTORS NAME [SEP] FILM NAME [SEP] - - -

Figure 2. Text-to-SQL Model Overview

SQLova Output = SELECT (ACTORS NAME) WHERE (COUNTRY = "Ukraine’) FROM (Stozhary 99 Prize-Winners)

COLUMN

AGGREGATOR
ACTORS NAME ONE

WHERE
1

COLUMN
COUNTRY

OPERATOR VALUE
Ukraine

t 1

[ LsTMq |[ LST™M-h |[ LSTMq || LSTM-h | [ LSTMq || LSTM-h | [ LSTMq || LSTM-h |[ LSTMq |[ LSTM-h || LSTMq |[ LSTM-h |
NL2SQL Layer

oogogood

Question Hidden States

- A W

oogooogoo

Schema Hidden States

- W M

[ Table-aware encoding layer J

Question

Header 1

Ild2 Header 3

SQLova Input [CLS] Which actors are from Ukraine? [SEP] NOMINATION [SEP]1 ACTORS NAME [SEP] FILM NAME [SEP] - -

Figure 3. SQLova Model Overview

sh7] Y5kl 49 e A EEL [CLS] EES AR&31H,
zZddo] Aojs} 7 glo] B Z4 FHE Ato|o+= [SEP] EES
Adsld FEA 93-S £33 o] et AIHE o

olt] =3 Yg O g Agat=E Aol Ao EZEE 02
g3t Hol & 3y EEEdE 1S TGt o] gA 74
9 a

9 E] = BERT 910 29 & 53 Q29 L a5t H
RT A=EH Y wpA e F Fof AFEo] AgtE o] o]
NLZSQL T JYoZ AGHT
NL2SQL ZolA= oot A4 3y F&& 247 vro]
LSTME AEAZ 2R &9 AR7L U5 Bstd 4o EZ
of 24 #4 LSTM-q9} Z¥ 3t EZ9 &4 £/ LSTM-h
gt&dth. o % ofuthe] LSTM-het HA| LSTM-qhe] Z ¢
A4 (Column Attentlon Xu et al.,, 2017)& A-&3) 7} ]9}
o] 7+o] BA S 53 FAF EE LSTM-h ol A A= of8l
2 g8 e A4S Ed) t)29S 13} WikiSQLY
7k SQL A 7] 8t 247] & Hid
==3
« SELECT COLUMN: Z ¥ o'l i & 53| LSTM-q 2E
EZ3 9ys 299 #AE ALbste] LSTM-he 2%
FAL ATAY H, ZE Z2H0] i3 2ZEY
3l SELECTO AH8-& A& A4 s},
* SELECT AGGREGATOR: SELECT COLUMN 2.2 A3}
A Aol st Ag WS AA, 7 FAH(Aggregator)

H
[e)
e E

LAEAS

™ 2 ooy 2o to
2N s dlo 1o T

i
=

[ A_
iy

o] 9} FY3 Ao g I3 F AZEUAE F3
g AHNONE, MAX, MIN, COUNT, SUM, and AVG)S
Mg g},
« WHERE NUMBER: LSTM-htj¢] A= ojel & 733}
1H] NZ
] =

=
=

of B Z9EY THE 53 LSTM-h9 ¢H

AAbstaL, 6H% AYES Z8s) Ao 9l

A = EWAE T3 9WE Aoz

WHERE %4«1 N2 Aeei)

« WHERE COLUMN: SELECT COLUMN®} %3 &3}
E AXAR AZEW A g E Aol thg AR
o] §A4¥+E & 43te], WHERE NUMBER A 78
}_7&_0,] _/I:\ﬂ-%l- A Fﬂ g /HEH ].q..

« WHERE OPERATOR: SELECT AGGREGATOR¥} 5¢
g AaE AAA R AZERAS F3 A4EAH(NONE,
= > <) Adgr}

« WHERE VALUE: Z8 3} 4271 Fa 5 & of, 29 o
HAS 3l Ao EZ7 49 11 ﬂrﬂl% AAks| Al
2L Y S A oy T dESE Bl 4 A

Y2 E T3
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3 SELECT / WHEREH & ®o} 3hute] SQL A& S 74
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2.2.2 HydraNet MeE 0~37] o)k,

HydraNet(Lyu ef al., 2020)2 Text-to-SQL-S Z3H3 B3 4 * SELECT AGGREGATOR & WHERE OPERATOR: 41 €]
ol ou BN 7 o] Yoz Ado] AE3} 2 E Ful(d B Ao g3 [CLS) EZ UWlE S 7 A A el Aakat
o[F W o]~ HlolE o] &, HAY)& 7 A4St Z(He et al, £ Yehli= dE S 53 H, AZEW2E A &
2019; Hwang et al., 2019)3} T2 A, A o] &3} 17]2] 2 S U= 84S Mgt
S gt B o2 Qe gk FAsE E4 o] 9tk HydraNet> « WHERE VALUE: [CLS] EZ 9¥l Y& #L&A AL&3}
<Figure 4>} Zro] EdH22r 7|9k 1 5T) ¢} Hybrid Ranking A v AR, Ao 2FHO e EFEY B
R FAH ] Yt 4 U HA A9 29 ouE G gl WE 9} YAt

HA P HES[CLS] EE A G A HRE 74 o AUl & 2te AAE FH dSg Gy £o2

st7] S8l A8 B (‘string’, ‘real’, etc.), HOl & ©] &, ZH S Aete ke 3t
Asty djgshe EZES Ud @ F, [SEP] EEH ¥4
Ardol Ao EZEE ddste] G o]9} Zo] T HydraNeto] A = SQLova$} PFEE7FA 2 T4 B 0] &-& L}
-’ﬂ Efazv 7k do] BH S QI EA &84 Btk W= FROM A3 7 Subtask(Ranking)Z 731 SELECT /
H [CLS] EZo] T AAF} Ao} Ao 7o AAE £  WHEREH S 2o} 51| SQL A& FA 3
}1 AE AP HEPEA Y dTS S 2 AolH T 4
Bl 2334 22 372 A glo] w2 bad e 99 2.2.3 Bridge
0= ZEF 7 AtH(Lyu et al., 2020). Bridge(Lin er al, 2020 e SolA o] AH8shs
Hybrid Ranking JZH+ Gd¢t 28 M2 E A4S 3t Seq2Seq 71H = 53l SQL A2l & 3t EZ A A 44511 (Bahdanau
of BE SQL L2400 U3ty &5 vj7lE WA 2 2 SQL  etal,2014; Sutskever et al., 2014), ER AT 7|9k A AT 9} E
SAE oSt A w2 shte] Ao g [CLS] EE UH AU ol W E$ F(Pointer-Generator Network) S &
E4S AH$38le] SELECT, WHERE ZH o2 Meld &8  sl= UIHE FA R K(Vinyals et al., 2015; See et al., 2017)
Attt s “’]’7512 BE A gste 23 H A E AFHAA AH&tE 98 fGe AAFoR dubAel
o)A (Ranking) 714 & <99 28-S SELECT, WHERE 2 Text-to-SQL ¥} H|5:3}0]| [CLS] B2, A1 0] o] EZ [SEP]
o7 AAste otk 2t Zh o g J@qA} A &= EZ 2T wojEHuo| A HolE o] EH Y EZY AFO
gH[CLS] E2S &&3 £7EM Z243lv, WHERE Value:  Z T4 5 0] Atk Bridge® o]l 3] 2 29| A g F7}
[CLS] EES &831A R Ad] Ho EZS F4 77 HoZ AFsIv] RE A e F7hshes Aol ofd, #Addo] 4
d &S B3 dojuinh. o] EZ3} "ol & A7 W gho] YA A4 sdste 2
« SELECT & WHERE COLUMN: 2 ¢] ¢} EMQI Ad % Hol g AT <Figure 5> &

=
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A% 7

A gk 7 gk oAl
O F [CLS) EZo tate] A8 WE & Aaxn & 5 F 9on, zAdo Ao WY ‘Ukraine’ ol Toj7}
ol BRYTE A8t ZHY & —% T3t Z&  Country 7434«] Zroll 3ko] Hof 91-& 7 Country ZH ﬁ‘-"ﬂ
Ao st 483t 718 SEo] E gAY, AT %S FHEIES A @S 98 #el FEFE

+ SELECT & WHERE NUMBER: 2E Z#ojA 2&¥  BERTZ} 29| 9} Hlo| & gk 7] #A| S mota}r] fo] 0}71] oH
[CLS] EE Yuldol] thal, /M= UrEhH% el o] ZTHLin et al., 2020).
#3ke] o] Ayt 5= WEHE e Abd Fojh 03y ol 7182 Seq2Seq7t 0131 A Yol A

HydraNet Output = SELECT (ACTORS NAME) WHERE (COUNTRY = "Ukraine’) FROM (Stozhary "99 Prize-Winners)

COLUMN  AGGREGATOR WHERE COLUMN OPERATOR WHERE Start WHERE End
ACTORS NAME 1 COUNTRY 3 1
#1 COLUMN 3 #1AGG1 #1 NUMBER 1 #1 COLUMN 2 #10PP1 #1LOC3 #1LOCS5
#2 COLUMN 1 #2AGG3 #2 NUMBER 2 #2 COLUMN1 #2 OPP2 #21L0C5 #21L0C7
#3 COLUMN 2 #3 AGG2 #3 NUMBER 3 #3 COLUMN 3 #3 OPP4 #3LOC7 #3LOCY
SELECT SELECT WHERE 'WHERE WHERE WHERE WHERE
COLUMN AGGREGATOR NUMBER COLUMN OPERATOR VALUE START VALUE END
Hybrid Ranking Decoder D D D D D D
[CLS] hidden state Schema Hidden States Question Hidden States
[ Transformer Based Encoder }
Single Header Question
A L
HydraNet Input [CLS] ACTORS NAME [SEP] Which actors are from Ukraine?

Figure 4. HydraNet Model Overview
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Bridge Output = SELECT (ACTORS NAME) WHERE (COUNTRY = "Ukraine’) FROM (Stozhary "99 Prize-Winners)

Bridge Inputs ( )
Question

[CLS] Which actors are from Ukraine? [SEP] L [SEP]

Text-to-SQL Model Inputs
Question

[CLS] Which actors are from Ukraine? [SEP] [SEP]

Final Distribution

X(1 = Pgen)

Multi Head Attention

TRy

Decoder

idden States: SQL Query
Bridge Decoder (Pointer-Generator Network)

Figure 5. Bridge Model Input & Decoder

g do] A Mgt YAete AAHE BEH,
AR At g3y Y #4734 JdI3E7t FAE 4 Y
349 "y = o'l & A4S (Vaswani et al., 2017). o
A& B¢ Seq2Seq e 53 %01% A E o, o'l &
of A4 AN U 7 ojd Fio A5 Aol tgt
HEA 9 98 317 “P(Bahdanau etal,2014), LA AU
golH VEYIE ot BXE 48 g(Ado 29 EZ,
E]]o]t' o]% 7434 ) ]/H EZS i/\}—gﬂ R ‘ﬂﬁ(Copy
Mechanism) ]—r7‘f7H © 2 &83h}(See et al. 2017) < ZQ
H AYgolH YEHI= <F1gure s> A B4 9% 7Y
9 ARl o3 1] HE XS AT FA o
B EEE A% HEG,

o A 9 B2 119 WS R, &
AR p,, 05 oA AT 2B BE, (1-p,,)HF o
T 7k A5 A 85t HFAQ T AA l‘%ié g

LA BAE B dIEge 01%"’4 AgaA dol & *Moﬂ

Z A Aol A9, Ho|
ﬂil HHA AfrEA EALS)
A Ao BA A ste
a3 gy 594 E7E Sl 4

< othe] SQL #He = Hgste Aol Ba gtk &
2.2 SPIDER Elo]EAlo A & a&4l0] 9l oy WikiSQL
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2.2.4 Execution Guided Decoding (EG)

Text-to-SQL ERE2 AIZHH F4
Aolste TA Aol A tids MAyste A Hatd,
EG(Wang et al., 2018)E F7}5te] A& 4A7)aL 21@
(Hwang et al., 2019; Wang et al., 2019; Lin et al., 2020). ©
Al SQL Ae] 7t th/d dl o] el o] 20 Thsto] Aol 7}L
A e s sk A o2, Aol Brbed AYE
Hzo] Fo FHAA Ao zn A2 QL AE €l
Wizl et} Text-to-SQL Z@ o] SQL HE| o] ¢HEHE A
A - w SQL Al FEToRE o] 7hsd ), F

oJefu| o] 20 A g3t A 7hs o -5 3ot o] uf, 5

o thet

rlr

g
ox M o

old srEE 9 Y A 845 AT A AA
Atolzot A3 7hed A T 2 Y HYE FRHE W
A ARt TopkE AA T EGE v 22 45
23 SQL 350l A 72 8T Wang ef al., 2018).

1. TEFY ol 2 (Runtime error): AA3NH A YA 29
o B9l A&+ gle JEAY A 482 A
2ot} o S0, B4 E}Y] BY S SELECT 2P0 2
HAT ), MAX, MIN3} o] A8 % gl 84S
A sHA B ek ol 27} A3tk WHERE 49 Z
A A o] FANA E 22 Fo] BT 4 9l

2. A3} $-5(Bmpty returns): A3 g SQL H 2] & ©| o] E| 0]
2of thste] AP S o, A ghol gl& wolth.

3. 33o] WikiSQL dlo]e] Al 1%

@A Text-to-SQL o, T=0] 5 kg Qo2 771 5
3 9 oW (Min et al., 2019; Nguyen et al., 2020), S=rof o] T gk
= FE53 AA ol o] & A3k g0l X & Text-to-SQL T

°lE1 Ao} BA 7} 74 2 Aol wetA B A= o]

of A3e Text-to-SQL HloJH AS FZ3t7] Hlst] Y&

WikiSQLS Thest Ad=s T3 H9dd dolg A& #A4%

H AgAM 27E HEAQ Text-to-SQL B E] H5%

T&3e dojText-to-SQL A2 EUIE v szl sioh.

ol #fa thEAQ F 7FA Fol Text-to-SQL HoJH Al

(WikiSQL, SPIDER) 5 WikiSQL-S 41813} o]+ SPIDER

olH Ao Aol Ho9t SQL ALY dolE, EFETH

WikiSQLell HI&} 7] wj ol o] & M Fst7] YA = HE7te]

Zoj7h Boste] 71 A & v 80| 2857 wEolth

HhE A A 02 BRI e WikiSQLY 7% B AT

A ARkstE 71 A M 9 (machine translation) A& 3l Abg
o] WMzl $A3l =20 AFEL W A7 o] H| LS S

o];(] 01—‘_7 }\g/H 8 6’]-/\ O]]’;]_
B AFAA Atete WY AES Ao $A A
AAYPORE FF WikiSQLY H9 £4& 7= HY7|hE



t}Zo] BERTES &43

Example 1 (WikiSQL- Table ID: "1-26041144-16")

B3] Aol Aele) sqL AR 91

WikiSQL English Question: What is the catches maximum number?

WikiSQL Google Translate (Simple ENG — KOR): Z|Cff {222

2O L7t

WikiSQL Google Translate (Fixed ENG - KOR): catches Z[T{ $== L0t L|7}?

Example 2 (WikiSQL- Table ID: "2-16894271-9")

WikiSQL English Question : What is Date, when Championship is Mackay?

WikiSQL Google Translate (Simple ENG —» KOR): MI| 14 0] 27| 0|2} Cf|O| Egt?

WikiSQL Google Translate (Fixed ENG —» KOR): Championship0| Mackay /0| Date2 £

AL 72

Figure 6. Examples of Problems Encountered in the Translation Process

o] g3t == HEG b

I, 28N A E e

Form Accuracy’} 30% % & A5E Yedd

@?Jr—t— <Table 4>¢] T &0 Wi leQL ANE E}"J% F
o|9f o] T2 YY) & o] &3 e WY 7|k vl o] H

”‘«l 3 A5 s FH37] Ao, £ AFoAe Fo A4

o 49| Yol A a3t SQL H 2] A HWHERE 24 B+

Alell B3k 4%
xt-to- SQL _‘?ﬁ]

n r”lo

]
il

e
Te
o v

sgale HolEuol 2ol A, 43t UATHE Dol 5L B
o2 Meo] §7 Y= Gol2 14T F Yol Ao] A
£ Bolz Welshs Wy e A8Sdth £ 1AS B B

& gho] Mo flolE] Aol Zhe 7 71A AR 2 WY
o a3 Ado] Fo o whoje} HloJEfwo] 2 gkt
EYX EAE At 2o A dolH A 7% 9
Text-to-SQL 2% A5 & ERSAT B &0 WY
tolg Ao A LA st= 2 Yo 292 <Figure 6>9 9
ANE T AT 5

o] WikiSQLS] Ao} A 2] ‘What is the catches maximum
number?’ ol T3l & AF-o] WHA& AE-SEA] bl Yo HAE
18k b2 A HAsHA Bod, Ao o] g FE Ity
Nrete B4R WA HT SHAT oA 19] Ao} dof+
22X 2o FHE dojewo] 2o thdt Aejo]BE o] AA
ol Aojof oFo] ZX HrgH FA oItk o] & ‘catches’ 7} FF
& Folgte on| S 7)o Wt upet o P 7 EE 2P
ghe e 7HE F e dol 9] ool oef A skt
WikiSQL®] A& o] Ao Eo] A3 Met-s 2 3HekA] g 3t
A A& o] Fo|H7] Hzol 72 HFo| o] &
Hhg g M5 A X3 A7 Bt mebA, £ Aol
Me 72 MY 75 AHEH SAId 93 Fof Boj= HYst
A ¥ AFFOEN GO R 3 0 S HAIT
ol & &3l <Figure 6>2 A= ‘catches HUl & Ertyy
747 8} 7Eo] W of gof Ao} H e on|7} {2 HHA
309 ¢S Zhe EACE YT 4 9 A HATh
T o] MY s o]HAl A EA S AAdo] Ho

o

i

ol 9} wlofEj M| o] 2 Wf ol 9ke] EUX] A= <Figure 6>
o N 25 Tl AW E 5 Atk ol Ado] HYTt ‘What is
Date, when Championship is Mackay?’ ¥ o, 72 ¥4 ¥H& A
£ 75 A A o] HA o} Ho|ERty 02 WA
ol g®ol 9u9l ‘Date’E ‘Elo|E’gty MAF Q4o B
A% QA ad DS A 7O Text-to-SQL AL &
A A SQL A& A4S vl WHERE Value] 37}l A
EA 7} 2R3} Text-to-SQL ZHo] dh=of Aojo ojn| 2 7
gtetsto] sjshe SQL #HEE AP strigt= WHERE
A& ‘WHERE=H A o]’gh 1. A 5HA 5= o]+= Text-to-SQL
29 o] WHERE valueg o & T A EHo glof 2hddo] A9
7 Woll Al F37H-& o S8k U (Hwang et al., 2019; Lyu et
al, 2020) == 3] FHgelA do] e ESZE Y= W
218 AR&5E7] W&o | Th(Lin ef al., 2020). 349 WikiSQL A
2 SQL # ]9 WHERE A& ‘WHERE=Mackay’' 2 -4 5 %
710 Q¥ O E HrtEA Hvt. wakA WHEREZ S| B7HE A
S3tA ste] B A E| FAE Bear] 93 bl o] e wo] 2~
Hol& 23 o, 73 Ao} 499 Tofr} A3 kel o
A Golz 1At W WS ARSI o] E 53
‘Championship©] Mackay$!H| Date> ¥ QY71 et= &%
o Z MAHA At o] Fa& T3k Text-to-SQL ZH
o) & Aol g B7H7E 6 S A gskA e A

B AFo M A A et gto] WikiSQL T3 98 283
W W2 U 7k o), 7t A 52 Sfoll A A E tﬂohﬂ
AU zA o] Aejet dlo|Huo] 2~ Toj g EY
o Hl&E F9F7] A8 1L AT Wﬂ
o7 gof Ado] A YA sjdst= SQL
WHERE 27 E+& 3 gste do|gmo]»9 4 ‘?J,
e BojES P%Oii A S 3 Xl ?%1 °§°1§ 1A
Fo Aol dofE
e Sl o *4“4 > et 2
<Figure 7>°l| YERY St

o 1 AA Y] deof B4 Thol

BN E rlo
ol
me il

Z, AFste Ao 2

1) https://translate.google.co.kr/.
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SQL Label
SELECT Notes FROM 1
WHERE FORMAT <5011 Al

Table ID: 1-1000181-1

|

State/territory

Textfbackground colour |
Format -

Current slogan

Tell me what the notes are
Convert Matching
Tokens to [FIXED]

Tell me what the notes are for [FIXED]

Google Translate l &{

Convert Matching
Tokens to [FIXED]
Tell me what the [FIX

Google Translate l Qy

)] are for [FIXED]

XEDC| [FIXED]O #X| L) [FIXED]2| mE7} HA| 2eiF
Token Mapping l Token Mapping l
South Australia2| of 2IX| LalF South Australia®l =E 7} fIX| L3fiF

Translation Method 1

(a) Translation Method 1 & 2

Translation Method 2

JaeHyuk Heo -

Jeong Sub Kim - Pilsung Kang

SQL Label
SELECT Notes FROM 1_1000181_1
'WHERE FORMAT = “SOUTH AUSTRALIA”

Table ID: 1-1000181-1

« .. Nosloganoncurrent
series

Tell me what thelr

Convert Matching
Tokens to [FIXED]

Tell me what the [FIXED

Google Translate l B

XED]O| #A| ZsiF

Tell me what the notes are forl 501

Convert Matching
‘Tokens to [FIXED]

Tell me what the notes are for [FIXED

Google Translate l@

[FIXED]S| ‘= E7} RIK| YohF

are for [FIXED]

[FIXED]2]
Token Mapping ‘Token Mapping

suth Australia®| notesO] #X| 2% \ustralia®| i E7F BK| LS|

Translation Method 3 Translation Method 4

(b) Translation method 3 & 4

Figure 7. Four Translation Methods

o9} S o]F1
Value$} Ol 2.2 3}

9= AHH(SQL Label)®] WHERE
sHe Hlol &
Yol& 1A

Hol &9 29 W3 YA st &
o3} . <Figure 7> (a

ol& Ll )ol &=

S Aol A ‘notes’= HIO| &9 HE Hof &3] 9lo} 1A}

3L, ‘South Australia’= % © 2] WHERE Value9} ¥ X3}
71 43R

o 2 Ao Ao B4 o] F, s dshe Aol F

ojgt A4S o]F1 §le AHH(SQL Label)®] WHERE
ValueS’Jr O]ilﬁ}% ‘&01% Pl = frAst Mgttt
A W I & A g A FolH,
<F1gure 7> ( )9 = 4 Ao A ‘South Australia’T+o] A
9] WHERE Valueoﬂ dgate]l 14 AL & 5 Ak
o 3 Ao o £4Y o] F, SR e H o]
\:I/] A ?,4 7L(Value)-bl- 01;4 0}"\:‘ L°1 = oqi ‘ITX]
st WY 0}9\“}\‘3}. <Figure 7> (b)) &= A A oA ‘notes’
= HolE9 28 o &3 9lof nAs L, ‘South
Australia’ & B o] &9] gt3} @A 8}7] o] 148kt
o 4 Ao Ao B4 o F A SR e H 0]
59 Fh(Value)d GA|5t= G E Y& At WY
3T}, <Figure 7> (b)2] = A A A ‘South Australia’
gho] o] £9] Fholl s date] 1A AE E Ut

2H
o] X

o AL Fao} AE &o Gof HolEHlo] A 24
235 o) glo} 83t gt tﬂoﬂow}i g e oA
oJHH | A5 Yol 2 AA e AGE B A2
S M golgta & 4 Ath(Min er al., 2019). EFF & F T4 L
Bridge 22 o A Ao} A eje} Hl o] & gt Y Aot 7
g ol F715te] ¢lo] o] Aofs} g0 & 7te] #A
Z ghobet 4= A 3t o =9} S-AFSHTHLin et al., 2020).

o =

_\>«

il —|o
Lo rlo

4. Experiments
4.1 A% A

411 %=0] o] e

A3 A A A 7EA] B0l H Al Y
o] WikiSQLE 7433k =4,
o wheh A=A slo]EjHo] 2 Blo] £ Y & 3
da e FAES %'Oii 1A wekA, Fol WikiSQLE=
Arg3te] g5t Zd S(Hwang et al., 2019; Lin et al., 2020;
Lyu et al., 2020) 7ELO] ‘_S”_Tﬂi BERT, RoBERTa(Devlin ef al.,
2018; Liu et al., 2019) 52] o &2 o dlo]Ef A o2 ALA 8}
8 Aol RS g2 Aol vt 2 AL o gloh 3
o] WikiSQL- 48] g=o] 2 74 H dl o] ] Alo] ofy7] o
o] KoBERT2), KR-BERT(Lee et al., 2020) 53} 2] o &9
ghro] HloJEJ Al 02 ALA St o] RE S AFATE &&
a7 = ol fot. webA, B Aol A At HiolE A A
glat7] flel M gm0l g Gol 7 7hAl ool thaf 7 AR
grgo] Ho] Edvold g EFSY o] F Ao BT
A& 7bs o] BHS ARg-sfof gt

A7) 2A& B Ao Bd dhmof, o] 5& 2
gk 104709 %oz AR ShgE th=ro] BERT(Multilingual
BERT(Devlin ef al., 2018))°] ™, & Ao A& o] & &-&3}
F o7t EAFo] Y& o] WikiSQLY thE dFH S
Xlﬁﬂ 3t &, & AFollA A3 d=of WikiSQLA o g
45 H7HE 99 SQLova, HydraNet 18] 3L Bridge(Hwang et
al., 2019; Lin et al., 2020; Lyu et al.,, 2020)%} Z¢] BERTE ¢
AU &8st mdSo thsto, JIZHE th=o] BERTZE
A st & FASHA T o] BERTE huggingface®l| Al
NG A g5E ZES E851% 0 )) oo whe} thapof

3

48
Aol Ao 5L B0l o of

)

P A

_

3]
u

2) https:/github.com/SKTBrain/KoBERT.
3) https://huggingface.co/bert-base-multilingual-cased.
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Question: Which actors are from Ukraine?

l Text-to-SQL Model

Logical Form Accuracy (LF)

): SELECT (ACTORS NAME) WHERE (COUNTRY = "Ukraine’) FROM (Stozhary “99 Prize-Winners) v/|
Predicted SQL (2): SELECT (ACTORS NAME) WHERE (COUNTRY = 'Serbia’) FROM (Stozhary 99 Prize-Winners)

—» Answer SOL: SELECT (ACTORS NAME) WHERE (COUNTRY = "Ukraine’) FROM (Stozhary "99 Prize-Winners)

Execution Accuracy (EA)

Database

’redicted Data (1): Yuriy Dubrovin +/
Ly Predicted Data (2) : Agnieszka Wlodarczyk

— Answer Data:

Figure 8. Text-to-SQL Metric

BERT9| B AE AES) 4 w4l

&2 da Eaveld < Ay

Adof 2ofg} Hl o

4.1.2 Text-to-SQL H7} A &

Text-to-SQL 22 -& % 7}3}7] 93l A4 Logical Form Accuracy
(LF)9} Execution Accuracy (EA) T 7}A 9] A5 7l ARE
AESAT

* Logical Form Accuracy(LF)
LFE 235 B3l A8 SQL A9 AR SQL AE7FEA
ke Hl&-o| o, WikiSQL©] Z 38k SQL 7 2= SELECT,
WHERE, FROM A& X 3} 2 2 Text-to-SQL ZE o] A4
S SQL # 2] <t AH SQL A 2l 7} SELECT, WHERE & of 3
%8 29, ATA 12D AT RE ARG AR
i A3}, <Figure 8>2 o A ol A Ukraine 24 A7) 25
= Aol 2 oo tjste] WHEREZA 9] Country 8-
‘Ukraine’ ¥} ‘Serbia’2} 12 Z}7] o 238 SQL A &7 Aot A
A Hele g ZE Q47 93 dA|ste Ao
BAHAE, FHA A2l AE v 2P o) WHEREH
oj et oo E AT
* Execution Accuracy(EA)

EAT Rd& Fall 443 SQL HAeE ol o] 2
LS W DA He Fol B 3 LA vl &0l
o}, <Figure 8> 4] LFE SA3817] 913 SQL H7} Hl

oJEj o] 2ol A &5 o ghe
of wf, 3 WA S 2 L-ef
Aste] Aolgta AA AN

]

Table 1. WikiSQL Train / Dev / Test Dataset Description

WikiSQL
Question Table
Train 56,355 18,585
Dev 8,421 2,716
Test 15,878 5,230

gz kg
7] W&o, LF &

3
AN E g 2ol 44

EEEFDE
o 7)el8 s EA B
o

|

4.13 BlolE Al A

3o} WikiSQL- o] WikiSQLo tha 7+ HY S 2 &
g Aolmg Yol WikiSQLTF FYd M5 Aol Ao
SQL & # aelx b4 golguo]x HolEg zhet)
2110004 AR vief o] F Ad o] A= 80,6547 0]
thd dlo] e o] 2 B o] B-& 24 241 /o] Tk, B Ao A AL-3
o WikiSQL] F8, A<, 37k dlolg o) A1) A9,
SQL # & 43} g o] £9| 7§+ <Table 1>3 2T},

4.2 A Aol wE A5 47}

vl 7kA 9] T A o) HEH dho] WikiSQLEo
el & Ao M B} md 2 A3 A 7}A Text-to-SQL 29
] 4% B APE ATk A4 A vlolE Al E
Z Text-to-SQL ZH 9] A% S Hlwate] =g gt Ho|g
A5 e Zd g o] HleA Aestd

A3 19 A= Subtask(SQLova, HydraNet), Seq2Seq(Bridge)
718k Bdlo) A BF EGE AHER Y] Wil 24t BEYf 1Y
HA ol A A&t stol 3 ghetm|E QL H Aol 2 & B4 T
(Hwang et al., 2019; Lin et al., 2020; Lyu et al., 2020). ¥ AFo] =
£ 4,8, 16, 642 237 A5& Bt A= <Table 2>
o 2t

WikiSQL 2] SQL # 2l ¢] do|= SPIDERS SQL A&l 9 4
oo Hl3] Ao E 7] ol EGE T3 T2W
Aol A Hoe EAS Zteth ek, W Afo]2E 8 9
FoE AT A& F Av 4% Fo] mnste 7
Text-to-SQL 2@ 9] 45S YER & <Table 2>9] §] Ao]=
£ 8 7hA T EAEH T <Table 25904 24 2dl S0 W Alo]
27} 40K 82 748 o AJsol LF 7% A 0.3, EA 7]&
At 039 Aol 2 & F FFstE S B 7 9021, SQLova
2 Ae ) Aol 2 F7ke ;& Wkt A itk whebA
o] %o BE HAFA EGE AHEE ) Wl Aol 2 85 7]F 2
245 st

n:rlnr
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Table 2. Performance of Korean WikiSQL Dataset

o
o
2

-39y

Translation 1 Translation 2 Translation 3 Translation 4 Difference
4 8 4 8 4 8 4 8 IE’ILeghOEdA;'i
Beam Size | LF / EA | LF /EA | LF/EA | LF/EA | LF/EA | LF/BA | LF / EA | LF / EA Method 24
(%) (%) (%) (%) (%) (%) (%) (%) (LF, EA)
SQLova |70.9 / 793709 / 79.3|66.6 / 75.6|66.6 / 75.6|70.6 / 78.8|70.6 / 78.8|67.1 / 75.8|67.1 / 75.8| (03 0-3) /
. 3170. 3166. 666. 6170. 8/70. 8167. 8167. 8 (05, +02)
HydraNet [49.4 / 59.049.7 / 59.3(49.3 / 59.0(49.6 / 59.3|45.7 / 55.2|45.8 / 55.4]49.2 / 59.1|49.4 / 59.3 ('(3_'(?’2'30‘90))/
Bridge |[57.8 / 64.6|57.8 / 64.7(53.1 / 59.5(53.2 / 59.5(54.1 / 61.2|54.2 / 61.2|56.3 / 64.8/56.4 / 65.0 (('ffé '3+'55)5)/
A 20 = AY SQL ARE o] &3 WY Wy 129} AE 3ME e v E F3l 33 -9 stoly gt
ol Wlo] ~ Hol & FRE o] &3 WY W 349 AsSH mEHY R Ato] =83, HFe] S et WY W 1,
watgth F HE HHE 7o A5 Aol7F AT E dolEHM 29 $HAHOE FARE Aol UEgE WY W 3 45 7]
o]~ Ho| B3 X3t Fe YT BRI BL H5S O 2 0] Text-to-SQLY A& A3ttt 24=A
94T Aolgt 7Hgl o, AA dF FA M= AR F SQLovas WY W 3, 12|31 HydraNet ¥} Bridgew H Y ¥
3l fidsts o] 718 AolmzZ WY W 128 d=0] 45 YER AT <Table 2>l 4 SQLova(H & WH 3)9] LF9}
Text-to-SQL A %59 AdM o2 7589t &, AAZ 5 EAE 27 7063 78.82 YERH 2™, HydraNet(*HS W4 4)
of 7HA 3 9= Aol Ao} wlolgHo] 25 T3 T o LFY EAE 217 49.49} 59.3, 18] 1 Bridge(H S W 4)=
? S’,lh Ao W 347 5o A Aoy WA S 5649 65.00 2 UERGT,

o] g°l th3t A%
7F et 7H A s ol &2 SQLova o

o W 29 47} A& Aol & e AL gl om FAkef Ao
£ 2318 W W 47FLF 712 0.5, EA 712 0.2 20| 2 A

r[r
o e

o] ¢zt ¥ %3t} HydraNetS] E‘i%ﬂ U 13} 39 Aol
LF, EA 7] B 3.9 A0] & YEhE BHd 1 iy 29149
Aol = AL ztol & YERATH Bndge—t— He W 13939 A

o] 3.6, EA 7]F 358 U WY HhyY 29} 49 Hlm A
ol = A W 49 A0l LF 71% 3.2, EA 71 5.5 Z0| 2 H
FretA Uehgth ol F3 AR HRE AHESHA @1
59 Aol dos} dolgulo]22 FAHT & e WY
U 3 49] o] Ao AetAel M w129 45T 2
FH 0T FAGE 5S4 Utk & 4 919, Text-to-SQL
dlol8 Al AT, gojgmo] 2~ Blo] &9 AY |, ¢k}
A EtE Do ES AN E TS AHEStE Zlo] FEl 4
Al thete] & 4 &2 el

Table 3. Top-k Performance of Text-to-SQL Models

Ag 39 A3 E 53|, SQLova, Bridge, HydraNet < 2.2
g0l WikiSQLell tigk Aol =4 ved A& #9F
4~ %ok SQLova9} HydraNet2 2-2Subtask 7] ¥Fe] 2 d o]
1 HydraNete] SQLova®ll Bl 3l o] WikiSQL 2] T B =40
A H 5 s YEPAT d=o] WikiSQL tajA =
Aol 4t o g A z3HA UESH. o] ¥ o] fr = HydraNet
< Fof WikiSQLE B7}sh7]ol| A ghetA] efthar Aetste]
o] %] Top-k FHeHHEE WA 7= A3 Fo] WikiSQL
o thake] o ¥ Y (Sennrich ef al.,, 2015)S Fal A 2 tlo]E
£ TAstE 499 Bt BYE Z8obA] ookt mebA of
T AES2 Subtask 7]9F 222 SQLova9} Seq2Seq 71%F &

92l Bridgeoll theted A5S B3ttt

I

4.3 Top-k A5 37}

EGE 2240014 A3 n}9} Z-0] Beam Searchol| 7]4Hsk 7]
Hol7] Wil o] getrlHE H Abo] 29} Top-ks A4
%E}. 429 49 1 A 25 ARo] 2 8, Top-19] A3}o

Top-1 Top-2 Top-3 Top-5§ Top-10
LF / EA (%) LF / EA (%) LF / EA (%) LF / EA (%) LF / EA (%)
SQLova 70.6 / 78.8 77.4 / 86.0 80.5 / 88.3 83.7 /1 904 85.6 / 92.0
Bridge 56.4 / 65.0 69.3 / 78.0 75.7 1 83.6 81.7 / 88.0 85.1 /1 90.7

4) https://github.com/salesforce/WikiSQL.



th5o] BERTE &3 gh50] Ao A oJ o] SQL W 3 101

o, 2 A A Top-k Fer|EHE HSIA7|HA G0
WikiSQLol T3 Text-to-SQL B& A %o] dupr} W 4= gl
S A gelatuA Yok <Table 3> 4 Top-kol wE M W
H 39 SQLovast W& W 49 Bridge 59 459 WstE &
HE 5 9lon 7 Ato] 2= 82 WA P

A3 A3}, SQLovae Top-19) B3| Top-108] 5] LF 7]
Z 15%, EA 71 13.2%7F 343t 9 0.1, Bridgew o] Bt} H
=L LF 7]F 28.7%, EA 71F 25.7%7F &438ch &,
Text-to-SQL 2@ EGE A& o Top-k Ie}HEHE S7}HA]

Text-to-SQL tlo] Bl Ale] B &g o] £7-4 Aolnt,

TR e Hlasty] YA o Ado] AoE
FolZ MYt dlojg A B dAFoAM FE5T =9
Text-to-SQL H| o] €] A 9] 45& v sl of 3}, a4 M4
o] dlo] ¥ Al H$ 71E9 Text-to-SQL =0 to]§ Alo]
EA8EA ot Fhmo] = FoP o WFOE MY tf o] ¢l
o= WY (Back Translation) A3l gh=ro] 29k T4
o] & vlolH A& 43} th(Sennrich et al., 2015). 91
A2 WY Ao A AHRstE 7|HOE, Ao A BHOE

718 H 2245 24T 7 9o, Subtask 7|8 B RT HIAE O, oA AU E Y-S Faste] Edjo 4
Seq2Seq 719k 2ol Top-k9 W3lo] wet Azo] e AR Y& Z2te b8 E4-& AAse Bl g
Folg a1 & g o WA E o WikiSQLS Ao} A& H AT A A
£ HY WA (GH Fof T 1H)S AFESHA G A T
. 2 HEg o] &3 ol Mgt o] % djd g0 7}
4 S5 WIkSQL o1 G0} 4| Th) ol WS 743 AR Fito] = Yo
A B A7} FASH a3 HEGA Fof I vloJH AWM WikiSQL)' & T3t 2H, o & F3l
Text-to-SQL Elo]H A tjAl A=) 2 dlojH A& 748 5, A a5 A7 & o2 HFste] Fof Text-to-SQL &
Text-to-SQL 2d-& 53l o8 A& Hrlstes A7E 471 29 48 o2 AL do|HE FAA
SFATH(Min et al., 2019; Nguyen et al., 2020). & 7= £ A W WikiSQLF 3+=o] WikiSQL tha}e] Text-to-SQL A
T 2y A7t e s ol A FER AEe F w3t7] fJsto, B Ao A A& SQLova} Bridge

& B7hehe ooz gAY, 2 8¢ S Aol Hol

¥o, W dlo rf
>

ta ofr
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Database
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Figure 9. Comparison of Questions according to WikiSQL Translation Methods

Table 4. Text-to-SQL Model Performance for each WikiSQL

English WikiSQL Korean WikiSQL Back translation WikiSQL | Simple Korean WikiSQL
BERT-base BERT-Multi BERT-base BERT-Multi
Language Model
LF / EA (%) LF / EA (%) LF / EA (%) LF / EA (%)
SQLova 77.1 / 845 70.6 / 78.8 38.7 / 46.5 30.9 / 36.1
Bridge 86.2 / 91.5 56.4 / 65.0 548 / 61.8 32.0 / 382
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Table 5. SQLova Subtask Performance for Each WikiSQL
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SELECT SELECT WHERE WHERE WHERE WHERE
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