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ABSTRACT

Automatic SQL conversion of natural language query

sentences using syntax pattern and named entity dictionary

HeeChul Shin

Advisor : Prof. Pankoo Kim, Ph.D.
Department of Software Convergence
Engineering

Graduate School of Industry Technology

Convergence, Chosun University

Information society can be realized based on efficient collection, management and
retrieval of large — scale information. Since the database (DB) is an important and
important field in the information society, a system that facilitates DB access to
general users can be regarded as an important core technology in the future.
However, there is a restriction that general users should have knowledge of DB
and business knowledge such as SQL in order to use DB directly. In order to
solve the above limitations, researches on NLIDB (Natural Language Interfaces to
Database System) are under way. To construct NLIDB, natural language processing
technology and processing technology for DBMS (Database Management System)
query language should precede. In this paper, I propose a method to convert to
SQL statement so that general users without DB and SQL knowledge can search
DB through natural language processing of query for the purpose of searching and
using DB with general computing performance. The proposed method generates
SQL by matching the columns using N-gram and named entity dictionary through
natural language query. We analyze the experiment through the proposed method

and describe the experimental result.
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B. NLIDB(Natural Language Inerface for Database)

1. NLIDB 71d

dolefwo] ~(DB)lA das AEE A7 A= Z24¢ DBel ¥= SQL
(Structured Query Language)s 4743 Fojof gttt NLIDB:= AH&A7F =g =4l
o] Ae]& DBell HAstd SQL #7442 A5 Wiste] DBol| 23td &S A3t
= 7Zl%olth. NLIDBE AH&A7F §jgete Ao Ao 84S AAERE E9o] 7t
i HiLate] AL

SQLE Mg 7] wEe] SQLA 9%aA e A% DB
H

8% & 9, w400 AR Aske 3

Lo =
g s F

2. 71&EAF

AHEAL7E A3k dlolHE A HE(NLP)E &3 dsta dste d3dE d53)
7] 938 NLIDB(Natural Language interfaces to Database system)ol] thal &7} =
¥ o ok ou] B9 AlElQl IRUS[2], DELPHI[3], PLANES[4]2 <12S& #43}
i T A EZE DB queryel W gozx Hoggs Fath on W A

2"l o] TRUS(Information Retrieval Using the RUS parser)i= %= Cambridget] 9]
BBN Lab.olA W= DBE €3 NLI(Natural Language Interface)A|2~®lo|t}, o] A]X~
g2 @es] Ao UdS 2Ry AR v gebs A=ga, 54 okt 54
DB -zl AFa#glo] A& AolE A = A FAH e AA7IN A 2E
oltt. o] Alz=glolA AREstaL Q= Ao FHEE v qrF e J, ol £H, 9
o] Abd, on FE doj= 229 AREHE Ho Fo] 3

NLIDBi= Z37Folo](Intermediate language)7} AH&2 o] WA o] AES T3
+=2] F g (Intermediate Logical Query)® H3Iste] YH9 ou] ETH Aoz T3
ot 3 =8 Al DB 7o AR g Ui A2 onE st =
2% Fg 7t DBo #Aeg Aoz ®kste] xd@ o] g AladlomE W= ]
Burger’t 71'%3 DB Al2=¥l4 Table drivenAl2=¥1?1 EUFID[5], SQUIRRELI6],
TEAM[7],  DATALOGI8], EXACTI9l5°] itk. TEAM(Transportable English

_5_
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NLIDB #oFe] ®2 d7olk =78hal, thEe NLIDB A&/ Q77F 24}
7] A% SR Qs AAZE AFgAoldelA aTEE FE&& G5 R
Saikrishna Srirampur®] 3% < 9 F7F ¢l NLIDB Al Ad€S F25tE= AL Za=g
NLIDB Al2=¥l G590 F3F dAlolA 7 HA 7bsAde] A2 J2We Adtsddtt
[19].

C. SEQ25QL

Seq2SQL2 Salesforce Al Ao 73l 84S AFE3te] xA Aojo 2%
doE AAEF AeltH20] o] A= Aol &S SQLE WEst7] #lal] Neural
network® TA4% Seq2SQLE 275t AUt Seq2SQLY AL Wikipediad)
2637578 ¢] HTMLH o] &M FE3 Aol @& 2+, SQL Query R Elo] =0l sl
Ad FAE HES 25 WIKISQLS W] Ao ARE3tal Githubdll &7 83T,

SQLE g 7FAl Aiel: EFqe] Aggk vt AT ¢ AR ol & AsstEs
A& sidstdet AststFeold walyy Alzdle] AaE b wiled Al=dol
H7bek= #F S 3 AV A2 dese Nk staswR ot A7 E2 SQL

S 3709 component?! aggregation operator®t Select Column, Where clause® &

m oy

¢

O

3FAt}. aggregation operatori= classificationg ©]-83}91 1L, Select Columnol] 3f=3}
+ Input Table Columng E73%to] Select Columnes AE3tt. 2 4H-S pointer
networkE &-&3te] AASIAT. AFES EES aggregation operator®}  Select
Column®] 7% Cross entropy lossE &&3 A =85S o] 8319, =74 A
A =3 =4 Adel gl £AE A5 98
learning & ©]-83} 1t}

S [29 2-2]+= Question, query and table IDZ jsonl® 2] o2 e WikiSQL
tl o] B Aol gk A o] tH21].

policy gradient reinforcement
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Question, query and table ID

These files are contained in the *.jsonl files. A line looks like the following:

"phase™:1,
"question”:"who is the manufacturer for the order year 19982",

megltE{
"conds": [

"sel":1,
"agg":0

T
"table_id":"1-10987452-3"

The fields represent the following:

phase : the phase in which the dataset was collection. We collected WikiSQL in two phases.

e question: the natural language question written by the worker.
e table id: the ID of the table to which this question is addressed.

the SQL query corresponding to the question. This has the following subfields:

* sql:
sel : the numerical index of the column that is being selected. You can find the actual column from the table.

o
o agg : the numerical index of the aggregation operator that is being used. You can find the actual operator from
Query.agg_ops in lib/query.py.
o conds : a list of triplets (column_index, operator_index, condition) where

»  column_index : the numerical index of the condition column that is being used. You can find the actual column

from the table.
® gperator_index : the numerical index of the condition operator that is being used. You can find the actual

operator from Query.cond_ops in lib/query.py .

» condition : the comparisen value for the condition, in either string or float type.

[29 2-2] WikiSQL | A]
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AAe #AgL Ado] A ZEofelA 2ol #4 55 A8 AT 71 ZYel
o 2 =wdAe ZYEs doJHE Tokens UH T FHA 248 AW $F 9%
AT WA E FE3Ha DB Column listet w3 3dFe] SQLA-9] Selectd ¥} 27149
Aok HolHE FEdte] SQLES AT & A9 A8 #A-H L Tokenizing

POS tagging *74& A3tk

Tokeno| &t o & 7+ A9 S Segtth. Tokend FEjAL o] X
Goj7bA] E3et}h TokenizingS +AuU #38 Ao fo|3=E 3}
=2 AR 7IE 2o, dAe] Ao %7
Fo| A wol27E 7|FoZ Wo]E Tokend} Al ZTh
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[Z 3-1] POS Tag list

POS Tag Description Example
CC coordinating conjunction and

CD cardinal number 1, third

0] determiner the

EX existential there there is

FW foreign word d" hoevre

IN preposition/subordinating conjunction in, of, like
JJ adjective big

JJR adjective, comparative bigger

JJS adjective, superlative biggest

LS list marker 1)

MD moda| could, will
NN noun, singular or mass door

NNS noun plural doors

NNP proper noun, singular John

NNPS proper noun, plural Vikings

POT predeterminer both the boys
POS possessive ending friend ‘s

PRP personal pronoun I, he, it
PRP$ POSSESSive pronoun my, his

RB adverb however, usually, here
RBR adverb, comparative better

RBS adverb, superlative best

RP particle give up

T0 to to go, to him
UH interjection oh, wow

VB verb, base form take

VBD verb, past tense took

VBG verb, gerund/present participle taking

VBN verb, past participle taken

VBP verb, sing. present, non-3d take

\VBZ verb, 3rd person sing. present takes

WoT wh—determiner which

we wh—pronoun who, what

WP$ possessive wh—-pronoun whose

WRB wh—abverb where, when

_‘]3_
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[Z 3-2] POS Tagging <A

LEEE OAIl

SA B Z 1

Who is the academic &
University affairs when the
Human resources & operations

is N. Charles Hamilton?

('"Who', 'Wp'), ('is', 'VBZ'),
('the', 'DT'), ('academic', 'JJ'),
('&', 'CC"), ('University', 'NNP'),
('affairs', 'NNS'), ('when', 'WRB'),

("the', 'DT'), ('Human', 'NNP'),
('resources', 'NNS'), ('&', 'CC'),
('operations', 'NNS'), ('is', 'VBZ'),
('"N.", 'NNP'), ('Charles', 'NNP'),
('Hamilton', 'NNP')

What was the final score on
March 267

('What', 'WP'), ('was', 'VBD'),
("the', 'OT'), ('final', 'JJ'),
('score’, 'NN'), ('on', "IN"),
('March', 'NNP'), ('26', 'CD')

Collection @ chosun
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C. JRAT S BAT 35

B Ao = B4 Tokens vyo] POS taggings 3+ & wolZ Agsle] o &

AFH(WH- phrase)®t " AF*(Noun phrase)S F% 3= Chunking¥ A4 & Axlth o&

AV WAV EE ZHZEo] ruled WHE©O] ChunkE AT oS [2d 3-2]1% oA &
el “What was the final score on March 26?79 th3+ Chunking oA S vhepdich

S
- —— T
What WP WH NP ?.
|
was VBD theDT final JJ score NN NBAR

onIN March NNP 26 CD
[ 3-2] Chunking <A

[19 3-2]9] WH- phrase(2itAH)E B “What”o] 23E o] gIX
2 5 A} o] o FAF Chunking ruleo] POS Tag7} & &AFSl 74 5}
2= Chinking(H #)& AH&3te] 3ol A Chinking s zrol AL oz o]FATE

=9
43k Aafoltt

>
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AT FE

~

1. ¢

ogojo] oA} ¥ What, Who, When, Where, Why, How® A]Z}8}+= o EH &
WH-question®] 2} &, WH- 9] 01“1?5} Tae Ad dig geEs S A
o ﬁ

ARE S o Eolth T A A9 ARE shal W8S galof sk o
2 Yestt NozZ @& 4 gltts EAo] At o5 [219 3-3]= WIikiSQLe] A+ i
X5 YEeRATH20].

-

40000

0000

20000

Freguency

10000

) .---—
B o a T
& §F & & ¢
<&
[ 3-3] WIkiSQL 2% &3

WikiSQL9] A& &3¢ [1d 3-3loA % vEte]l B2 d&e] WH- ezl
2 olFod ASFE & F AUtk gEATY olsole X4 Alko] wET Rossd
AT T WH-olsY x4 AS WH-Island Constraint(WH- 43 #l|¢f)olefar gt

A7 AoH22]. WH-Island Constraint(WH- 4 Al <)== WH-HEZ42D4 Comp?) U
o WH-phrase7} 91& W= 2 A25E ofd 84% ofeAZd < glth= Aot

Aol ol Aoko R s o] AES WH- &&= AlZgtes x
atoll AFe APstlar, Aol AEe] LAl 75 FET F FEdE gEAT S
DB Column name#¢] w3 S F3to] SQLE Selectd ] Column<
ojoll A o]EEe] o AT+ 2B FAHY gAY e A gEAbE
AbrFrol+. R FAET EE o] oEE9 ofi Alolole WALE FHFE P&

Ask S, WEAL BAF 5L TEFEE B o] 29 % glnh

e

Y

Sy

at

1) Az @42 WS, Complement:= HojS =3ich

‘_O
Z3+st for - to, poss -ing, if whether @ wh-hrases 5

5 o

> fjo

tlo Hz
%

p
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i
o
H
w

=318 o] FAFE9] Chunking rule exampleg YERQITH

[ 3-3] 9 EAF+ Chunking rule oA

O] E ALt Chunking rule <A

<W > < N>

<W ><VB.#[IN>

<W > <VB#[IN><N >

<W.#[NNP><VB.#[IN><DT><N.*>
<W.#NNP><VB_#[IN><DT><CD><N.#><N.*>
<W.#NNP><VB.#[IN><DT><CD><N.%><POS><N.*>
<W.#|NNP><VB.*|IN><PDT><DT><]J].*|RB.*><N.*>
<W.#|NNP><VB.*|IN><PDT><DT><]J].*|RB.*><CD>
<W.#|NNP><VB.*|IN><PDT><DT><]J].*|RB.*><CD><N.*>

<W #NNP><VB.#[IN><PDT><DT><]JJ.*|RB.*><CD><N.%><POS><N.#>

[ 3-3]9] Waxolt} Nx2 Wil Ne=z Al#et= POS tagd E+ AS Yvlsta,
CEAE ordl mE AT =R <SEAE <SEA St Bad £4H AAE
ERITh B QoA AT Wol 2ol el AU Bl 9 A
POS tag 5% 7|8 AES EBHOE EhlE EATY Chunking® S ohe3}
2ol Abg3tsct.

{<W.|JJINNP><VB.*[IN>?<N.*>?<PDT>?<DT>?<VB.*>?<]J].*|RB.*>?<VB.
*>?<CD>?<N.*>?<POS>?<IN>?<N.*>?<N.*>?}

91¢] Chunking rule®] “?"FAl= =5% 24¢] POS tag7h sl@ st 913 AS 4
°of §l& AE BT ofv2E HAolth HEd B AFdA ARE EAFE <W.>
B & Chinkingslte] FZ3F3th.

_17_

Collection @ chosun



2. BAT F%

Noun phrase("8 A1) gl Al WAL 98-S st
TR FAdEo] Qo YA Y FGoA Fol, HF o, Ho] JEE gttt WA
= WAReE A FAE, FEAF AAA Fol 2 o dom, ARkl WA E wAL
+AL GAH A EA A XA T FRE 7RA AL Utk 2 ATl A=
BATES 8 27 DB Column listeh ®lulste] =HdS 43 [£ 3-4]=

WA Chunking ruleg vhepdich

—

[ 3-4] HAFF* Chunking rule o Al

H AL Chunking rule o A]

<N.*|CD> <JJ#>?2<N.*|CD>
<RB.*>?<N.%|CD> <IN>?7<N.*|CD>
<DT><]JJ.*>?2<N.*|CD> <DT><RB.*>?<N.*|CD>
<DT><IN>?<N.*|CD> <P.x><DT><]J].*>?<N.x|CD>
<P.#><DT><RB.*>?<N.*|CD> <P.#><DT><IN>?<N.*|CD>
<NBAR> SVBA><VB#R.A>

1. {<P.*>?<DT>?<JJ.* | RB.x | IN>?<N.* | CD><CD>?}
2. {<KVB.*><VB.* | R.*>}

1. {<DT>?<]J].#>?<VB.*>?<NBAR><NBAR>?<NBAR>?}
Noun | 2. {<VB.¥>?<VB.*>?<IN><NBAR><NBAR>?<NBAR>?}
phrase | 3. {<NBAR><NBAR>?<NBAR>?<N.x | CD>?}

4. {<JT>)

[% 3-4]¢] <NBAR>¢ A%
<NBAR>#}= B2 o] g8 4= A wHEA

_’]8_
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D. SQL # g

Selectd 9] Columnz} =742 J8s Ao dAAe HAoA v oiEA<}
YA E 2+ DB Column list9}e] N-gram "3 S &53}o] SQLS A3 ). Select
Column¥ A4 wx EF dxg 34 T e «]-E—/‘}:ﬁ P A9l DB Column

list % A2 25 28R A @ste] vastoleh vk DB Columnito] &4

| obd =2 Fd A9 Column®| & #AP SR X3 § vlugk & SQL&Eo A
Al BAl =R o R A ghekt), Egh o FARe WA B Z47Ee] phrases
N-gramo. 2 Y= & Z} Token®] HE T&oA ®o] 2o]= #Al(a, an, the), W
AHGit, he, her), Z XA} of, on, for)2} S E8AE AAS & uH S At

1. o EA SQL ¥ &

Select Column®] "3 2 A2 HAGAA FE5H LA+ DB Column nameE <
N-gram® = Yo vt oS 42 (1) ZF DB Column named} 2]AF+2]
) g HeE veRdTH

count

(1)
total

Score =

2 (D9 count= 7} DB Column name? 9|#AFE 7t7F9] Uni-gramQ & e
T vaste] #Age] ZE& dwinith 28 dg HE @S ovshH, totale 72t DB
Column name¥ oAbt 7474e] Uni-gram < /N8 olv|eth oZAbgek 7}
Column name?9] Scores 7FHd =2 Score® Column names Z 9| Selectd 9]

Columne. & M= 3t}
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2. WA SQL W&

Ao wHE ZolTol el A Aol FE¥ WA DB Column list

Ll

S N-gramo =z o] vHlustit. 2AEE Selectd 2] Column nameS A &&=
A Zol F4 ()& AH&ste] WA 9 77 DB Column list9}9] Scored 7Hg =2

Score?] Columne
9] Column®}t} H]

FZ49 Columns

FEdoh 2149 Columne] A=2 7 WAM9F DB ZF row
gkl Score7t #S Columneg F&3tch 7} WAR9F 7 rowol Al
7z} WAttupeh 71 =& Score®] Columns A €3t 7 ®Ab
Tl A EE ColumnEs T TE £ Columne Score’} B #& ColumnWHs H7%E
il A &gkt

ofN ko

[ 3-5] =314 wj& oA
A =

What is the score of the match with opponents Gretchen Magers Kelly Jones?

g AL Score d=3 =714
the match with
opponents Gretchen

Jones”
Magers Kelly Jones | 0.8571428571428571

0.2857142857142857 Opponents = “Gretchen Magers Kelly

[ 3-5l= HolA Aed =04 vfF o A& dvebdh oA &4 “What is
the score of the match with opponents Gretchen Magers Kelly Jones?”ol th3F & =]
? IAH T WAL= “the match with opponents Gretchen”$ “Magers Kelly Jones” <]
=3 Zpao gro] ztl WA “the match with opponents Gretchen”¢] 7A-¢ H&
o9l “the”¢} “with”2] #*& A A3 ¥ Column liste} wj &3 Scoreolth 92| [F 3-3]%
Zo] o =3 Columno]l T&HH+= 4% 7Hd %2 Scored #HTS A9 oF go=w

Ab-E-3h
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E. /WA% <14 (Named Entity Recognition)

ARGl Aw, G, olF, AR, A7 52 ok g
o4 olel@ AAEE o} e ool W
ole} @

*

1. AAE A

PN
T3

H- 7 SJRAE] is] #ad dol

Location, Position, Place, Point 5%, When%

Selectd 9] A& 1
st tTh Whereol 4% Aol #d
4% Time, Age, Hour, Day 55 #d ©oj& X391 FHE dojE5S Al
MAY APAS FE5ATH o [E 3-6]2 WH- ool disk A AR o A]
= YEriTth

HH‘
o
N
H
i, g
.
it
tlo

[3% 3-6] WH- o]t 7HAT ol Al

WH- 9 &A} oEwd 3Ze= MAE A
Who Person, Someone, Anyone, Anybody ---
What That, It, Something, Anything -
When Time, Age, Hour, Day, Minute ---
Where Location, Position, Place, Point -
Which Any, One, Number, Indication ---

ATl A Selectd 2] Columne] wi& A kS 4§, Ao WH- 9
Abell tigk A ALA LS o] 83Fo] Selectd o] Columng w13 Azt

_21_

Collection @ chosun



F. SQL AA

fo] HAHES Hd U2 Selectd 2] Column¥ ZA Ao w3 ¥+ Columnits 7F
Aol Aeo)Fo 3 SQLS AMA T} Selectd 3 2o A oA=3 3t SQL A
A e o (R 3719 #2oh
[ 3-7] SQL A4 ol A]
d=zk x¢ “sel”: 6, “conds”: [[5, 0, “Gretchen Magers Kelly Jones”]]
SQLE Select Score from 1-1028356-3 where Opponents = “Gretchen
= Magers Kelly Jones”

At B 2 AolA AR dolH ARl WikiSQL¥ HlwE §o]atAl &}7]
A& AR FEjE vbEo] Bttt [ 3-6]1A4 seld] @k 453 Selectd 9]
Column#t< DB Column named <¢l9l~% YeERAAIL, conds? e o =3 A4
o e YEMNA, 279 #HAF SEQ2SQLY] [19 2-2]9 AW F 4
ok condsv A e st Aotk tEEE wjd FHE e
3, 1 oke] B e wjd el A WAl 5= DB Column name?] €l A~E =313 02

(=)& =311, “Gretchen Magers Kelly Jones”+ Column #& 53t}
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V. 48 2 B2l
2 Fol A= Adste dowe Ado AHYE Fd SQLES A
$7 & Ag Wb Ayl B8 7]ESTE Yol A 7] &3 "o E Al o]-85)¢]
st Wiel dight AdS st
B Aol 2488 Window &G A A Intel(R) Core(TM) i5-4590 CPU @ 3.30GHz
St A AP o [F 4-1]S B Ao 2334 S el
(3% 4-1] 28 374
0S Window 7
Language Python 3.6
Tool Spyder
Database SQLite
Library NLTK, Json
Ao AbEE HolEE= WikiSQLe] WH- oJ&FF9] A& A Ao tigh b
olHE Ao A&t WikiSQLS -jsonl H¥¢] ¢ table id$ question L]
3L question®l] 3@ ot= sqlitS json@ A o] HU R RolF gkt TS - tables.jsonl I}
do] A= ZF HolE9 Column ©l5S Aol headeret H©|E 2] Column list
55 HolE sttt WIKiISQL] jsonTd =9 oA+ ths [3E 4-2]9F 2.

[ 4-2] WikiSQL 3} of A|

_ jsonl {“phase”: 1, “table_id”: “1-11959669-7", “question”: “What was the final
sl score on March 26?", “sql”: {“sel”: 3, “conds”: [[1, 0, “March 26"]1],
“agg” 0}}
{“header”: [“Game”, “Date”, “Team”, “Score”, “High points”, “High
—.tables rebounds”, “High assists”, “Location Attendance”, “Record”],
.jsonl “page_title”: “2007\u201308 Boston Celtics season”, “types”: [“real”,
o “text”, “text”, “text”, “text”, “text”, “text”, “text”, “text”], “id":
“1-11959669-7", “section_title”: “Game log”, “caption”: “Game log”,
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“rows”: [[68, “March 2", “Atlanta”, “98\u201388", “Pierce (30)", “Garnett
(16)", “Rondo (8)", “TD Banknorth Garden 18,624", “46\u201312"], [59,
“March 5", “Detroit”, “90\u201378", “Garnett (31)”, “Perkins (20)",
“Allen , Pierce , Rondo (5)”, “TD Banknorth Garden 18,624",
“47\u201312"1, [60, “March 7", “Chicago”, “116\u201393", “Pierce (22)",
“Perkins (11)", “House , Pierce (5)”, “TD Banknorth Garden 18,624”,
“48\u201312"]1, [61, “March 8", “@ Memphis”, “119\u201389", “Allen
(23)", “Perkins (11)", “Rondo (9)", “FedExForum 18 119", “49\u201312"],
[62, “March 10", “@ Philadelphia”, “100\u201386", “Garnett (26)”,
“Garnett (12)”, “Rondo (8)", “Wachovia Center 20,438", “50\u201312"],
[63, “March 12", “Seattle”, “111\u201382", “Allen , Garnett (18)", “Allen
(7)", “Pierce (11)”, “TD Banknorth Garden 18624”, “51\u201312"], [64,
“March 14", “Utah”, “92\u2013110", “Garnett (15)", “Perkins (7)”,
“Garnett (6)”, “TD Banknorth Garden 18,624", “51\u201313"], [65,
“March 15", “@ Milwaukee”, “990\u201377", “Garnett (19)”, “Brown (9)”,
“Cassell (5)", “Bradley Center 17,626", “562\u201313"], [66, “March 17",
“@ San Antonio”, “93\u201391”, “Pierce (22)", “Garnett , Pierce ()",
“Pierce (5)", “AT&T Center 18,797", “53\u201313"], [67, “March 18", “@
Houston”, “94\u201374", “Garnett (22)", “Garnett (11)”, “Pierce (5)",
“Toyota Center 18525", “64\u201313"], [68, “March 20", “@ Dallas”,
“94\u201390", “Pierce (22)", “Garnett , Pierce (13)”, “Cassell (6)",
“American Airlines Center 20,582", “55\u201313"], [69, “March 22", “@
New Orleans”, “106\u2013113", “Pierce (28)", “Garnett (12)”, “Rondo
(7)", “New Orleans Arena 18 280", “55\u201314"], [70, “March 24",
“Philadelphia”, “90\u201395", “Garnett (18)", “Powe (7)”, “Rondo (7)",
“TD Banknorth Garden 18624”, “55\u201315"], [71, “March 26",
“Phoenix”, “117\u201397", “Garnett (30)", “Perkins (10)", “Allen (8)",
“TD Banknorth Garden 18,624”, “56\u201315"], [72, “March 28", “New
Orleans”, “112\u201392”, “Pierce (27)", “Garnett (13)”, “Pierce (9)", “TD
Banknorth Garden 18,624", “57\u201315"]], “name”: “table_11959669_7"}
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Age —jsonl oA s FH 2]ojEo] questiond} table_idE Aotel= HH O
dHoz AREE § [ 3-1]19 Al&=" AR o] ML wiH dA T
Selectd o] A3 Ao wid A gro] glS 4% oAb, WA 2 DB Column
listEo] W3l Stemming(=HY) #9 & SQLS A4 3Tl Stemming©l & o] o
P doRFH HJAF T5 AT ¥, dolE AP FuHE WA= AYSs £

togole] £ @d, HEadel mE AR AU SARe] AlAl w3l

(E

[ 4-3] <A &%

A A+ What positions do the hartford whalers nhl team have?
O] A} positions

“Pick”, “Player”, “Position”, “Nationality”, “NHL team”,

Column Name “ . »
College/junior/club team

[} 4-3]2 Stemming©] Z83 =49 A& YERAT HEge gk o LA
o] ChunkingZ ¥+ “positions” @]t} &4 %F Column Name©l = “positions”9] 9& <l
“Position”®] A& EHFS & 5 Urh DBoll&= ofwgh wojo] B33y o4y BFvt
Eo7F S & Utk 28 ERE Stemming> A @A A mE] & 5 JA|¥E 7]
7] Stemming HA S AXA HW A g AR e F dol dAE @Al A

= Stemming #48 S AR A E=th

o
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o

ol FAZE dHelHE 24 & A3 ts [F 4419 A 28 SolA Selectd 9]

o

N-gram W13 Wdel 2% Aute] Selectdsl wWH FEi oF 95%7F gk vl
z
Columns v shA] 3ttt

[3% 4-4] Selectd miss "3 oA

oAl =7 Selectd o] A&+st Columnt

Where does Route 24 intersect? Location

Where can you find Colorado and Southern

Railway #97?

Disposition

Who had the challenge of night driving? Test-taker

[3 4-4]19] dAAH doitelA Ta5T AL oAl AA7E Fo7F Ho| Eolki
! o] 749 Selectd o] miss v o] %101%% o AT EE o EAN Y
® 4% Selectd 9] miss vl o] Ao
Uk feF 22 EAE 2dsr] 98 WH- 7+ 9]5}/‘}%0“ sl TS5k MAEARA

= 7Ivrew JRAE Q1A S HdPste] A E P
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451 2249 miss 1% lAE Epd,

[ 4-5] 274 miss W& oA

A EF

What is the name of the actress that was nominated for best actress in a

leading role in the film Chopin: Desire for love?

Z7A4 9= 3

%9 224 3

[[0, 0, ‘best actress in a leading role’],

[2, 0, ‘chopin: desire for love'l]

[[2, 0, ‘chopin: desire for love'],

[0, 0, ‘best actress in a leading role’]]

o] Al

2

What is the UN operation title with the UN operation name, Uncok?

Z7A4 9=

Ag =744 #

[[1, 0, ‘un border relief operation’],

[0, 0, ‘uncok’]]

[[0, 0, ‘uncok’]]

o] Al

=%

What date did Adriano Buzaid have the pole position?

Z7A4 9= 3

Ag =744 #

[[5, 0, ‘adriano buzaid'l]

[[3, 0, ‘adriano buzaid'l]

[3 4-5]9 3 WA oA B3 2104 oS #33 Agst =104 e vusty
W, 7 g B AASHARE SA7F eS¢ Ak ol SQLEY A AT
A% (271 and 242) 9 (272 and Z2A1D)3} #Zo] YEh}A 2R SQLY A
= Fde AR A HE SQLES T EA YEES & & Aok T A dA
of 214 oF @A A 24 ;e vluste] BH, 214 oS gho] xxlo] 2
ZEA 7 A E DR, e 2de] 2L UHAEAS & 5 Ak Al mA oA
T4 B9E F o 2F Columngte YA|8HAIR Column®] Q¥ ~7F thEs &
AT
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Aol Bk Selectd3 x71de] ztzte] WY 4w=s) SQLES] v AFEE
27 Mg Eqsac 49 dolge] Aol WH-o#AR A&sHs 50007)
I Z17ke] Select7 278 wlAshe] SQLS A Ao el

SQLAS] 3 e b [E 4619 2k

[ 4-6] "1 A= (%)

SQL -

S SQLE Select®d - |
N-gram 0.7698 09512 0.7748
N-gram 0.7708 0.9618 0.7748
+ NAE ARA ' ' ’
N-gram
+ WA E AFA 0.787 0.9618 0.812
+ 274 BE

Selectd-2 [ 4-4]9] A9} #Zo] Selectdo] wjZo] o]Fo]x]x] ¢F
- o)l dig MAY APHES FEl Al 2o oiAket WA H & Column
names Selectd 9] Columno & AEsle] wjx A= FHAAC. 2HHde A4
Ao FE3 HAE T Selectd 2] Columne 2 A El%H Column name°] S+
A WA ¢ke] AEE Column names AAg § 2de] wjHS Hdste] [
4-5]¢] 7 WA dAlet e EAE Bebstlth =3 ZF PAR e v = Column
= | ok Column name¥} ™8 AF-<}
o] M{AS& 53t Columng AH3le] [F 4-519] A HA dAle} e EA12 B3
Ak 2 Aol A ARkg WOl SQLE Abs A WHE 0.787(%)9 A s K

= Columngte] & Column¥ 7% Scorefvio
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[19 5-1]2 & A+FE o] &3 NLIDBO| dAl& ERWTEH
(¢ sa alkEl

File Edit Help

Zo|2  What is the score of the match with opponents Gretchen Magers Kelly Jones? B =}

SQL : Select Score from 1-1028356-3 where Opponents = "Gretchen Magers Kelly Jones"

21} : 61, 7-6(3)

[-1¥ 5-1] NLIDB ©jA]

(9 5-1]3% 2ol ¥ A78 Fa| 58 shgabgolt DB #@ A4o] gl o
wolE Aedol g WS Fa 417 DBE ol §3ke] Ut AnE A4 & 9
i, SQLe &3k g5AE A% g =R AN ds Ao UigEy
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oy

EK

)

DB¢F SQLe] A4 o] §l=

-

L

=i ol Al

£

5
=

o

ol

=

|

A

RLN

=

9] Selectd 7}
171 98] Ae]io] WH- phrase(2] FEAF)¢}

°©

=

NA7) 98 WH- ¢

1Tt SQL

3

7 AN oE ATl A] Selectd @] Column

name¥ ZA 49 Column#ts FE3t9 SQLE

e At

=

KeX
=

st

[e)
}o] Selectd ¢]

F2

[e)

=

o] A9} Column name?te] W] W E

=
=

AAY A T

Column#t

3ttt N-gram<

[e)

1

0
yul

Noun phrase(8 A7)

SR
o
=
| Y

el
alg

)

Selectd & A g

delg el gess =89

t} A& A3 Selectd ¢ Column name "3 ¢ 7 #o|F o] o FAL

1

L

],

t}. =A4° Column "3 2%

°©

A}

1

=

ol

N

o

s

A}

ES

aig

)

|

B
of
il
iy
ﬂ

oR

el

‘ﬁL
EAE 2

1

k)
yul

b1 )

_q]

9

A 878

°©

AoEe B3 no g3

d Aol Selectd 2]

Selectd ¥ =44

L

1

FF A=

_q]

_q]

aig

_q]

—

!

[e)
3

tol BAe

S

P
7t 2 FAHE T

=
=

=)

aig

el

\J

=5

tel NLIDB”7] 9] %3}

S

.

=

15 1A

°o]-&

=

=

17 DB

9

o]

o

A
Hr

ujp

Eal= iy

_30_

Collection @ chosun



ZF1

il

o

[1] o], “HBldlely ARA=de] 55 B Atele] #3 A7, Fdx2vtEnH]os}
3], Vol4, No.3, pp.56-61, 2015.

[2] Bates M., R. Bobrow. “Information retrieval using a transportable natural
language interface”, SIGIR '83 Proceedings of the 6th annual international ACM
SIGIR conference on Research and development in information retrieval,
pp.81-86, June 1983.

[3] Bates M., R. Bobrow, R. Ingria, D. Stallard. “The Delphi natural
languageunderstanding system”, In Proceedings of the fourth conference on
Applied naturallanguage processing, Oct 1994.

[4] Waltz D., “An English Language Question Answering System for a
LargeRelational Database”, Communications of the ACM, Vol.21, No.7, July 1978.

[6] Martin P., D. Appelt, B. Grosz, F. Pereira, “TEAM: an experimental
transportablenatural-language interface”, In Proceedings of 1986 on fall joint
computer conference, Nov 1999.

[6] Barros, F., A. De Roeck, “Resolving Anaphora in a Portable NaturallLanguage
Front End to a Database”, In Proceedings of the 4th Conference on
AppliedNatural Language Processing, Stuttgart, Germany, pp.119-124, 1994.

[7] Templeton M., J. Burger, “Problems in Natural Language Interface to
DBMSwith Examples from EUFID”, In Proceedings of the 1st Conference on
Applied NaturalLanguage Processing, Santa Monica, California, pp.3-16, 1983.

[8] Hafner C., K. Godden. “Portability of syntax and semantics in DATALOG”,
ACMTransactions on Information Systems (TOIS), Vol.3, No.2, pp.141-164, Apr
1985.

[9] Yates A. O. Etzionii D. Weld, “A Reliable Natural Language Interface
toHousehold Appliances”, In Proceedings of the Conference on IUI'03, Miami,
Florida, USA, 2003

[10] &33%, AGd, Gz, FAF. Aol AgE o83 SAZE A Al=d

(NEIS) 72", d=r541e3] T8 ot& 2E3] = (84 2007, pp.545-548,

Collection @ chosun



2007.

[11] $-&%1, Ay, “de] 84S o837 Ado] QIHFH o2 PR A=A @ &
ZE 9 &8, 39(12), pp.998-1004, 2002.

[12] F. Meng and W. W. Chu, “Database Query Formation from Natural Language
using Semantic Modeling and Statistical Keyword Meaning Disambiguation”,
CSD-TR 990003, University of California, June 1999.

[13] 1. S. Kang, S. H Na, J. H Lee, and G. J. Yang, “Lightweight Natural
Language database Interfaces”, Proceedings of the 9th International Conference
on Application of Natural Language to Information Systems. pp. 76-88, June
2004.

[14] J. H. Wang, H. J. Kim, and M. G. Jang, “Information Extraction Based on
Property Patterns to Construct a Knowledgebase for Encyclopedia Person
Domain”, The 2004 KIISE Autumn Conference, Vol.31, No.2, pp.793-795, Nov
2004.

[15] R. Cooper, S. Ali, and C. Bi, “Extracting Information from Short Messages”,
NLDB 2005, LNCS 3513, pp.388-391, June 2005.

[16] B. H. Yun, “Natural Language Processing based Information Extraction for
Newspapers”, Journal of Korean Institute of Information Technology, Vol.6,
No.4, pp.183-195, Aug 2008.

[17] C. N. Seon, H. S. Kim, and J. Y. Seo, “Information extraction using finite
state automata and syllable n—grams in a mobile environme”, Proceedings of
the ACL-08: HLT Workshop on Mobile Language Processing, pp.13-18, June
2008.

[18] C. N. Seon, H. S. Kim, and J. Y. Seo, “Efficient appointment information
extraction from short messages in mobile devices with limited hardware
resources”, Pattern Recognition Letters 32, pp.127-133, Jan 2011.

[19] Saikrishna Srirampur, Ravi Chandibhamar, Ashish Palakurthi, Radhika Mamidi.
“Concepts identification of an NL query in NLIDB systems”, 2014 International
Conference on Asian Language Processing (IALP), pp.230-233, Oct 2014.

[20] Victor Zhong, Caiming Xiong, Richard Socher, “Seq2SQL:Generating Structured

Queries from Natural Language using Reinforcement Learning”’, arXiv, Nov

_32_

Collection @ chosun



2017.

[21] WikSQL[1Alo] E] URL: https://github.com/salesforce/WikiSQL

[22] Ross R., “Constraints on Variables in Syntax, Doctoral Dissertation”, MIT
(Distributed by the IULC), 1967.

_33_

Collection @ chosun



	I. 서론
	A. 연구 배경 및 목적
	B. 연구 내용 및 구성 

	II. 관련연구
	A. 자연어 처리
	B. NLIDB(Natural Language Interface for Database)
	C. SEQ2SQL

	III. 자연어 질의문장 SQL 변환
	A. 전체 시스템 개요
	B. 자연어 질의문장 전처리 과정
	C. 의문사구와 명사구 추출
	D. SQL 변환
	E. 개체명 인식(Named Entity Recognition)
	F. SQL 생성

	IV. 실험 및 평가
	A. 평가

	V. 결론 및 제언 
	참고문헌


<startpage>12
I. 서론 1
 A. 연구 배경 및 목적 1
 B. 연구 내용 및 구성  2
II. 관련연구 3
 A. 자연어 처리 3
 B. NLIDB(Natural Language Interface for Database) 5
 C. SEQ2SQL 7
III. 자연어 질의문장 SQL 변환 9
 A. 전체 시스템 개요 9
 B. 자연어 질의문장 전처리 과정 12
 C. 의문사구와 명사구 추출 15
 D. SQL 변환 19
 E. 개체명 인식(Named Entity Recognition) 21
 F. SQL 생성 22
IV. 실험 및 평가 23
 A. 평가 28
V. 결론 및 제언  30
참고문헌 31
</body>

