'i) Check for updates

Journal of KIIT. Vol. 23, No. 7, pp. 123-132, Jul. 31, 2025. pISSN 1598-8619, elSSN 2093-7571 123
http://dx.doi.org/10.14801/kiit.2025.23.7.123

NL2SQL A% 42 3 GPT-4o &57F ¥ 7|4t ZEXE
2] 74]
=

HB T, BB er, RMT e

— ; —

Prompt Engineering for Improving NL2SQL Accuracy based on
GPT-40 Error Patterns

Gongkyu Byeon*, Kwon-Taeg Choi**, and Sunjin Yu**

o] =RL 0UIE AX(FH3)eAREATS Yoz FFTAFAL] YL wo} 435 7Y
(RS-2024-00345763)

[0 e]
4 5

2 Q7 GPT4oE T8sta] Aol 2o sQLz Hd%’s}h A 2Ee AR 71E ElolE &4 e
SQLE 283 HlolH darke] sadle] Aol o BR vdEI} A ofth & A2Rle oFf i)
HE 7o s4E ZEXES F3 SQL A3 R ¥4 icé & *Mo}al AT ¢ =S A
A A, Ak AzEE 71E We] W) B 29%7F £ W HYTE /153 0H, LIKE A4t A
S 5433%14 8887%= A WFE Uk EF, Ado] Zuk o] W] A% Hrlslr] 8 dol=d sQL
A Ags i, 712 84 vl fore 485 e V1SS gepd, & A7 HRwiE
Hole £4e A7 32 4 e 715< vhdstal oy 289 a84e w9 Ao Zdn.

Abstract

This study proposes a system that utilizes GPT-40 to convert natural language queries into SQL. Traditional data
analysis methods require manual work using SQL or Python, making them difficult for non-experts to use. The
proposed system automatically generates and executes SQL queries and analysis code through prompt optimization
based on error patterns. Experimental results indicate that the proposed system achieved an average of 22.9%
improvement in conversion accuracy over existing methods. Notably, the accuracy of the LIKE operation increased
substantially, rising from 54.33% to 88.87%. Therefore, this study lays the groundwork for enabling non-experts to
perform data analysis more easily and is expected to enhance the overall efficiency of data utilization.

Keywords
natural language to SQL, large language models, prompt engineering, gpt-4o, error pattern analysis

* TPZddsty 238 AA A - Received: Mar. 28, 2025, Revised: Jun. 11, 2025, Accepted: Jun. 14, 2025
- ORCID: https://orcid.org/0000-0001-8883-2925 + Corresponding Author: Sunjin Yu
e AZE 0133 ug Dept. of Culture Technology, Changwon National University, 20
- ORCID: http://orcid.org/0000-0001-5331-321X Changwondaehak-ro, Uichang-gu, Changwon-si, Gyeongsangnam-do,
ok R AAT) St B3l 28k W (Al A Al 51140, Korea

- ORCID: https://orcid.org/0000-0001-9292-4099 Tel.: +82-55-213-3098, Email: sjyu@changwon.ac.kr


https://crossmark.crossref.org/dialog/?doi=10.14801/jkiit.2025.23.7.123&domain=https://ki-it.com/&uri_scheme=http:&cm_version=v1.5

124 NL2SQL A= s 918 GPT-4o &7 o€l 7|9k =g 2E

.M 2

Hldole] Althe] Zefel A Wi R HlolEAlo]
A&A o2 APET 9lom, old utg} HolE 7]
gh oabAA ] FaAdol Ak FAEI QTR
T Big sjolEolA ofn] e FEE WE
2 AgsA FE317] A3NA SQL(Structured Query
Language), 778 0], AT 59 7]<o] 83}
o}, ool wet dHlolH £4 Aol FE3 AL8AE
MA =& Q) B8-S A3l Soi3][4].

e ol EAE gslete WAOE Ho
Efo] 2ol AT 91% NL2SQL(Natural Language
to SQL) 7]&o] FET JTH5]. NL2SQL- ARHE-A
7} Adolz 3t doE SQL A E AF Hgst
of AAY HolEwo| 2o 3= ARE FEY
F IEE dh= 7l&oltl6]. o|ZA HAEIE B3
Figha: oﬂ ek A4 glo] HlolEE BAsta 4]
& 4 glom, 719 W TefE vlolH 289 &
Ha A FJE}[] NL2SQL Alz=Ele 7]&e
o] 7|Wk AMEL £ Y &1 ola¢ ou] 3
A Fdel a7Hm, HZ 14%  LLM(Large
Language Model)®] SACZ 1 A5o] IA =
OiEH] 53], 7x3he dolg 27|nket 2o o%

olgfsta, Ao E UL SQL HeE AT
Ao AT FAolA Z& 7Fedol =T
ol B AFdME tEH LM T <l
GPT-4oE Z&sto Ado] ZoE SQLE W¥sh=
NL2SQL Al2®l-& F&3tal, s AlxHlel A8y
B ALAE dolHAd AUFLE o BFHO

Z 3tk ol Bl Ado] <IE#H ol 7Nk
olf] B4 A9 Jlede EAsta, HHETRY
dole HIAH &4 g7 ol 7]ostaat gtk

2 =22 o%F e 2 FxE 49
7l 13— ko] Aol A SQLEQ W3l 7)%0]
&3 dloly #4]
X}%ﬁ} J&E’ﬂ A ATE X*Elo}@l 2 A9 ol
A e AN MANNE GPT-4o 7]
NLZSQL A2Ee] F2E Adwsta, AF <l

OF HY 7|9 ZEZE AA A 9 7

29| &4 ok 7 Wl def 7jed

¢

2.1 ApA0f ZelofAel SQL et A7
AAAE SQLE HEsh= A7+ NL2SQLE &
g, tefet 714 S AF AEW 2do] A&
HAuth 7€ dFdAE 7F 7 J2 3, |
3 w1, 7% Wy 2d 5 &8t SQL
3 s MAddste dol AGEATHI]
R.

Sun et al[10]= Ao AE] =49 PalM&
Tt ZE X E(Few-shot prompt) 7]HE&
g 7w o f FHHPS FPsta,
(Consistency decoding)= 283} 3k
AN7E S ARE. 53], #- Ho|Eu o]
84E A Agste 7les T
o AErg wole U 2HE dFAh
L. Shi et al[ll1]= GPT-3, GPT-4, 7|E} LLM<
83 Text-to-SQL A%s 4 71HE B4gth 4
TollAe ZEFZE AL o] & (Prompt engineering),
oA ZA(Fine-tuning), ¥7} 71W 5& HlwahH
LLMO] SQL W&M & Ho& Hol=s 24
3= thekst WS =9)Ehgth
H. Yoon et al[12]= AFA &9 Ao mdg 7
HPOE 65#01 Aol 7‘&«] SQLE H3tsl= =Y
Ed
7]
7]

b}

rlJ

232 (Transformer) 7|RF o}
& ﬁLZ] 7R HAEHEY =
3o, tzo] S A%
L 25 i 7HsA S AN @

22 LLM Z|gt tlole| 24 AtS=t o7

AE3E Eofol

LLMO| 23t oA dloly £4
A77F AFYH L 9

ME GPT Ald EE< 283



Journal of KIIT. Vol. 23, No. 7, pp. 123-132, Jul. 31, 2025. pISSN 1598-8619, elSSN 2093-7571 125

ok LLME Ao A2 5885 7|¥eE SQL A4
wak opye} dlofE &4 9 34 FAHAME T2
b S g

L. Wang et al[l3]+ LLMS &3 ADA
(Automated Data Analysis) #oFe] 8 A7 &&=
T2 E3], AutoML Al2ElF LLMES 23 o
olf] 4 A&3t ¥ HE XY (Multi-modal) TlolE]
& Agste Al dlo]HE ks T8 ARE AA|
&M, LLM 7%k 24 Z-5ste] 7FsAd S
g giet,

Z. Tan et al[14]= LLMO] tlo|E] F4 3140
A g A7 9 84 S 7gE £ on,
LIMS 283 134 ooy s AFsie 3
7 71% e FaAs dudt B AT
LLMo| 7]& tloly ephds w24 thn] dropy Hg
¢ FAE AFYE & deA vuska,
Fage)] 23s B8 dolE F
e gt

ojAY 7]& ATEL NL2SQL, LLM 7|4t to]
B B4 253 59 wokllA o " 4
?ﬂl%}i E}[ 51 5¢l, A< 9= GPT

ol

¢

Human-in-the-loop %
4 F4e Fol

l‘

_Q
1 olf] A7 4 SQL %_% i
st WEo R sty o B AFe oY
& AHg ATLE e E  GPT-4oE E431d
NL2SQL ¥ H5s FA7Ie Alz"s 7idst

N, A|AE JHet

31 TA A[AEH 74

F 1S Aol HoE SQLE Wigksls B AT
o A-sst Az"d A 7 F8 BE TS

E1MA A" 7Y
Table 1. System configuration

W] Agds | AZ3= o
&S st} AFAol.SQL W BE2 AREA) oY
3k 2}odo] HOE GPT4oZ ©] &3 SQL A= ¥
gt A4 dEE FIY8, SQL HF EES A
A¥ SQLY AH3HA-S H7}sta WHERE A3 JOIN
21& BAstY SR/E £ A8 23 v

ZEL W3E SQLS A Ho|Euo] oA A
& 5 A SQLY Hlwste WS HIEE ASS}

T gyt

o] Aozt dd=Hw EHolEs HHY
GPT-40% HEEHM, GPT4o= UHE AHHE
O SQL= AAEdTh o]F SQL A% EEo] WP
d SQLE AESL LR/FE TR, nALoR

SQL—‘L R ﬁﬂr% shlsta AH sQLt H

oo
dot T 3

il

7ol dojE SQLE WMEste B ATy A
Halo. 2 E FA GPT-4o 7|8F FE, SQL 2
W] As 2 BAY A dAE FAHEH V& A
750l IRIFEelY oF A4 7 RAG
(Retrieval-Augmented Generation) & &3l A5< 7|4
e W, B A= F7) g glo] ZEZE A
ATo 2 NL2SQLY ABE A5S sA7)= A
gol] 2HE 2FAteE FolA AEAES 7T

A, 5ol AREStE HlolH FollA eR7Uh T
A SQL AYES FH&t, 74 s Add 2
o], AE SQL, A" SQLe Al 7HA] FAHLAE

Hojgste] EAEATE ofwf Tl A EYA7F
ohd A A3} 7w Ay & AAE =Y
e AE LRE Fdsty, Y 079 S

N

0

b 493 3 7] =8

Module name

Role

Natural language to SQL conversion
module

Converts natural language queries into SQL using GPT-4o.

SQL validation module

Reviews WHERE clauses and JOIN conditions for errors and corrections.

Execution result comparison module

Compares the generated SQL with the correct SQL and evaluates performance.
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Data category Korean Data type Text
Data format txt (SQLite, SQL, JSON) Data source (S)t;t;;tu{;zt::atesa;j:tznzn(;Jslti)(l)eDc;a;;a Ff>roorg|
Labeling type &ﬁjﬁggﬁgﬁﬁg‘g Labeling format JSON
Ejrtvailcgtlllzatlon Semantic parsing \[/);tjmzonstruotlon vear / 2022 / Labeled Data: 111,152 cases
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Table 3. Domain-wise comparison of NL2SQL system performance improvements

Base Error Relative Number of ,
Domain accuracy Proposetz Improvechn ent reduction | improvement SQL Coheng d p-value
(o |aceuracy (%)| rate (%) rate (%) factor slatements effect size (t-test)
Health 63.69 82.31 18.62 29.37 1.29 1,937 1.15 < 0.001
Administration | 66.66 89.5 2284 34.29 1.34 300 1.3 < 0.001
Culture 59.4 91.22 31.82 4559 1.54 1,100 1.75 < 0.001
Industry 62.33 93.21 30.88 474 15 693 1.68 < 0.001
Welfare 74.49 89.26 14.77 22.73 1.2 149 1.1 < 0.001
Environment 68.72 90.3 2158 3242 1.31 598 1.35 < 0.001
Transportation | 66.66 7991 13.25 19.82 1.2 249 1 < 0.001
Education 65.38 89.86 2448 36.88 1.37 286 145 < 0.001
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Table 4. Accuracy analysis results by difficulty level

. Base Proposed Relative ;
Difficulty Improvement | Improvement | . Cohen’s d p-value
accuracy accuracy o o improvement .
level . . rate (%) rate (%) effect size (t-test)
(%) (%) factor
Easy 72.66 89.44 16.78 X X 09 < 0.001
Medium 61.02 88.58 2756 3554 1.45 1.25 < 0.001
Hard 50.23 86.63 36.41 48.44 1.73 1.75 < 0.001
Extra hard 69.57 86.96 17.39 249 1.25 1.05 < 0.001
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Table 5. SQL operation-specific query conversion accuracy results

SQL Error Relative ,
. . Proposed | Improvement . . Cohen’s d p-value
SQL operation type operation reduction rate| improvement .
accuracy (%) | rate (%) effect size (t-test)
type (%) factor
SQL WHERE 61.54 76.92 15,38 24.99 1.25 1.15 < 0.001
SQL WHERE1 7241 90.8 18.39 33.28 1.25 1.3 < 0.001
SQL WHERE?2 59.09 79.54 20.45 38.63 1.35 15 < 0.001
SQL WHERES 60 80 20 33.33 1.33 1.45 < 0.001
SQL LIKE 54.33 88.87 3454 54.07 1.63 1.85 < 0.001
SQL GROUP BY 7391 84.78 10.87 16.66 1.15 0.95 < 0.001
_]_;(]- 71—/\ o H }_\_-]' é:ﬂ]', SQL LIKE(5407%)’ SQL Domain-wise comparison of NL2SQL system performance
improvements
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