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How does human translate NL question into SQL?

NL Query:
Find the of all customers who checked out books on exactly 3 different
on Labor Day in 2023.
Datahase:
[Customer Book
:Custt.)merld |Bool(ld Title|LiteraryGenre | SubjectGenre| .-
: : :@ Novel Magic
. [BookOrder . —> Table Linking
: Customerld|Bookld [OrderDate | --- Columns Linking
e N 01/05/23 - Database Content
@ @ Additional Information
Additional Information: Note that Labor Day stand for May 1 ®-® Foreign Key
sQL:
SELECT SELECT
FROM Customer FROM Customer
NATURAL JOIN BookOrder WHERE CustomerId = (SELECT CustomerId
NATURAL JOIN Book FROM BookOrder NATURAL JOIN Book
WHERE OrderDate='01/05/23" WHERE OrderDate='01/05/23"’
GROUP BY CustomerlId, GROUP BY CustomerId
HAVING COUNT(DISTINCT SubjectGenre) 3 HAVING COUNT(DISTINCT SubJectGenre) 3)
LiteraryGenre LiteraryGenre

(a) An Example of NL2SQL (Ambiguous NL)

X. Liu et al., "A Survey of Text-to-SQL in the Era of LLMs: Where Are We, and Where Are We Going?," in IEEE Transactions on Knowledge and Data Engineering, vol.
37, no. 10, pp. 5735-5754, Oct. 2025, doi: 10.1109/TKDE.2025.3»598&:321.99 (Fall 2026
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How does human translate NL question into SQL?

Finding relevant

Understanding Translation to
NL Query tables, columns sal
and cell values
Ambiguity? Schema linking Complex database
Under-specification? Database content retrieval Many ways of equivalent translation
Contradicting statements? Additional information acquisition Efficiency?
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NL2SQL in LLM era

@? NL Query B Database

J Pre-Processing (Optional)
Schema Linking Database Content Retrieval Additional Information Acquisition
:-) :., Student [:g 8
: 0 Name| Age| -- '
Name 13
6 16-year-old 16 D
J NL2SQL Translation Methods
. >
Encoding  sequential Encoding Graph-based Encoding o 1=
Strategy < E
a5
Encoder 3 @&
Backbone J1 Encoder-Only Decoder-Only E :‘;
Model Decoder a o
' A ) : 29
- - - | <:| =
_____ 5118
PLM LLM g8 E
Decoding . . PUR B
Strategy Beam Search Constraint-aware Incremental Decoding --- E £

Post-Processing (Optional)
Correction Consistency Execution-Guided N-best Rerankers

(L)) . D\j
- =-0 ai@] 5- Ar: D-03-

Correction Vote SQL Execution 0 % Rank

J

s[;j SQL Query

Fig. 5: An Overview of NL2SOQOL Modules in the LLLM Era.
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Few-Shot NL2SQL

* DAIL-SQL

1 Below is an instruction that describes a task, paired

o WAiE GO MG NS previess fUCEIET SEniEeii. WEdie @ 1 /* Some example questions and corresponding SQL queries
2 L response that appropriately completes the request. L are provided based on similar problems: #*/
3 [T p—— 2 /% Answer the following: How many authors are there? =*/
4+ Write a sql to answer the question "How many continents 3 SELECT count(*) FROM authors

Lb are there?" 4

’ 5 /* Answer the following: How many farms are there?. */
o ### Input:

7 continents(ContId, Continent) ¢ SELECT count(*) FROM farm
8
9

countries(CountryId, CountryName, Continent) 7

10 ### Response:
11 SELECT

In-context learning

Question representation . o
(providing similar examples)

Gao, Dawei, et al. "Text-to-sql empowered by large language models: A benchmark evaluation." PVLDB, 17(5): 1132-1145, 2024.
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Question Representation in DAIL-SQL

Table continents, columns = [ContId, Continent]
Table countries, columns = [CountryId, CountryName,
L Continent]

Q: How many continents are there?

A: SELECT

Listing 1: Example of Basic Prompt

Given the following database schema:
continents: ContId, Continent
countries: CountryId, CountryName, Continent

Answer the following: How many continents are there?
SELECT

Listing 2: Example of Text Representation Prompt

1 ### Complete sqglite SQL query only and with no
L explanation

2 ### SQLite SQL tables, with their properties:

3 #

4 # continents(ContId, Continent)

5 # countries(CountryId, CountryName, Continent)

6 #

7 ### How many continents are there?

g SELECT

Listing 3: Example of OpenAl Demostration Prompt

/* Given the following database schema: */

2 CREATE TABLE continents(

ContId int primary key,
Continent text,
foreign key(ContId) references countries(Continent)

)i

CREATE TABLE countries(
CountryId int primary key,
CountryName text,
Continent int,
foreign key(Continent) references continents(ContId)

)

5 /* Answer the following: How many continents are there?

L o*/

, SELECT

Listing 4: Example of Code Representation Prompt

Below is an instruction that describes a task, paired
L with an input that provides further context. Write a
L response that appropriately completes the request.

### Instruction:
Write a sgl to answer the question "How many continents

L are there?"

### Input:

7 continents (ContId, Continent)

countries(CountryId, CountryName, Continent)

) ### Response:

SELECT
Listing 5: Example of Alpaca SFT Prompt
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Question Representation in DAIL-SQL

/* Given the following database schema: */

Table continents, columns = [ContId, Continent] : CREAIEIEE O el
. 3 ContId int primary key,
2 Table countries, columns = [CountryId, CountryName, —
L Continent] foreign key(ContId) references countries(Continent)
3 Q: How many continents are there? 6 )i

[ Basic Prompt (BS ») EEE Code Representation Prompt (CR p) [—1 Basic Prompt (BSp) [ Code Representation Prompt (CR p)
[ Text Representation Prompt (TR p) I Alpaca SFT Prompt (AS p) [ Text Representation Prompt (TR p) B Alpaca SFT Prompt (ASp)
BB OpenAl Demostration Prompt (OD p) Z Average [ OpenAl Demostration Prompt (OD p) 71 Average
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Figure 1: Results of different question representations on Spider-dev under zero-shot scenario.

5 A U U

> ### SQLite SOQL tables, with their properties: i Write a sgql to answer the question "How many continents

are there?"
3 # 7 L
4 # continents(ContId, Continent) o ### Input:
5 # countries(CountryId, CountryName, Continent) 7 continents(ContId, Continent)
o # 3 countries(CountryId, CountryName, Continent)

### How many continents are there?

10 ### Response:
g SELECT

11 SELECT
Listing 3: Example of OpenAl Demostration Prompt Listing 5: Example of Alpaca SFT Prompt
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Finding similar queries in DAIL-SQL

Embedding (a high dimensional space)

Example: List authors in the alphabetic order of
" their lastname.

i -
—
—
—
—
—

=~ Example: How many authors are there?

Example: How many famrs are there?

- 1 /* Some example questions and corresponding SQL queries
Q: How many continents are there? L are provided based on similar problems: */
2 /* Answer the following: How many authors are there? =*/
3 SELECT count(*) FROM authors
4
dl<d2<d3 5 /% Answer the following: How many farms are there?. =*/

¢ SELECT count(*) FROM farm
8
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Example representation in DAIL-SQL
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Figure 4: Evaluation on Spider-dev with different example organizations. The selection is fixed to DAIL Selection.
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Supervised fine-tuning in DAIL-SQL

update weights

A"

Prompt 1,

correct answer 1 \

Prompt 2, /

correct answer 2

Prompt 3,
correct answer 3
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Few-Shot NL2SQL

* DAIL-SQL

1 Below is an instruction that describes a task, paired

o WAiE GO MG NS previess fUCEIET SEniEeii. WEdie @ 1 /* Some example questions and corresponding SQL queries
Z L response that appropriately completes the request. L are provided based on similar problems: #*/
3 [T p—— 2 /% Answer the following: How many authors are there? =*/
4+ Write a sql to answer the question "How many continents 3 SELECT count(*) FROM authors

Lb are there?" 4

’ 5 /* Answer the following: How many farms are there?. */
o ### Input:

7 continents(ContId, Continent) ¢ SELECT count(*) FROM farm
8
9

countries(CountryId, CountryName, Continent) 7

10 ### Response:
11 SELECT

Achieves 86.6% accuracy in Spider, a NL2SQL benchmark.
Does it generalize?

Gao, Dawei, et al. "Text-to-sql empowered by large language models: A benchmark evaluation." PVLDB, 17(5): 1132-1145, 2024.
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Few-Shot NL2SQL

* DAIL-SQL

& > G (O https//spider2-sgl.github.io w & 0 ® 3= - s Je
= £ cctv €5 Welcome to The G... h Click Report Center Logi... & Experiential Learni... cc Used Cars, New Ca... [ interested e Investopedia Stock... W/ 6References People E Amex offer > 100
UNUUruil wWA.laliy ] D. 20
. 56 .
Have Questions? Spider-Agent + DeepSeek-V3 8.78
Ask us questions at our Github issues page or contact Fangyu Lel, 57
Jixuan Chen, Ruisheng Cao or Yuxiao Ye for more information. === Spider-Agent + Qwen2.5-Coder-32B-Instruct 5.48
Nov 30, 2024
: : 58 .
Citation Dail-SQL + GPT-40 2.20
@article{lei2e24spider,
title={Spider 2.@: Evaluating 1 del 1-world ent 59
journal={arXiv preprint arxXiv:2411.7763},
year={2024} 60
} DIN-SQL + GPT-4o0 0.00
, ,
D

Requires further data annotation and fine-tuning

Gao, Dawei, et al. "Text-to-sql empowered by large language models: A benchmark evaluation." PVLDB, 17(5): 1132-1145, 2024.
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Agentic NL2SQL

LLM Tools
1 3

[Task]---> """ B Q 8[

Response «=- “-=s-- SRR </>
| 0oo
A:\ 2 ’l' s A | (a
- Result | | Action
Reasoning : v

\ Environment }
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Chase-SQL

e CHASE-SQL (/ICLR 2025, Google Cloud and Stanford)

* Utilizes the MinHash LSH to search for values related to the user query

* Multiple prompting strategies to generate various candidate SQL queries using LLMs, and corrects
SQL queries with execution errors through prompting LLMs.

* Employs an SQL selection agent fine-tuned specifically for the database to select the final SQL from
multiple candidates.

What is the eligible free rate of the @
10th and 11th schools with the highest
USER

| t for students i 1 s Y
SRR t‘:,',zu‘;h","z; igrehy SELECT ('Free Meal Count (K-12)" / 'Enrollment ‘) &
(K-12)‘} FROM ‘frpm' wae FIXER
. J
{ A
@ ATRNDAIE SRR O SELECT Percent (%) Eligible Free (K-12) g
(7 S FROM ‘frpm’ ... o 4|
l g L ) FIXER
‘ (sELECT (‘Free Meal Count (K-12)" / 'Enroll t
| — L pC COT, L ree ’ ea - oun = nrolimen _’
@ =© > 2 ku( 12)’) FROM ‘frpm’ ... o——
S —| 4 22 aoD
&
L VALIE TR Mo WITH Frre RateAS ( SELECT Percent (%) Eligible f ) N
- . Free (K-12) FROM ‘frpm’ ...
FIXER

‘ % @’63 :
" \ @ o * J L
DATABASES * M
{SELECT (‘Free Meal Count (K-12)' / 'Enrollment ] ‘_‘
(K-12)°) FROM ‘frpm’ ...

FINAL RESPONSE @ SELECTION AGENT SATARASN



Quiz time

e Submit your answers in tophat
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