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Motivation \

The Need for Robust Text-to-SQL Systems

» Progress in Text-to-SQL Systems: Empowering non-technical users to query databases
using natural language.

» Challenges: Handling dynamic and uncertain real-world user queries.
» Multi-turn conversations

» Ambiguous or unanswerable questions

» Current models' limitations leading to unreliable predictions

» Objective: Develop more robust and dependable text-to-SQL systems.
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Motivation

The Need for Robust Text-to-SQL Systems

Airlines

uid:airline id type:number PRIMARY KEY
Airline:airline name type:text
Abbreviation:abbreviation type:text
Country:country type:text

Airports

City:city type:text

AirportCode:airport code type:text PRIMARY KEY
AirportName:airport name type:text
Country:country type:text
CountryAbbrev:country abbrev type:text
Flights

Airline:airline type:number PRIMARY KEY
FlightNo:flight number type:number
SourceAirport:source airport type:text
DestAirport:destination airport type:text
Foreign keys:

flights.'DestAirport' = airports.'AirportCode’
flights.'SourceAirport' = airports.'AirportCode’

\\_:

Turn1: Unanswerable

How many flights take off from
airport APG each day?

SELECT date, COUNT(*) AS flight_count
X FROM flights WHERE departure_airport= == X
'APG' GROUP BY date

I'm sorry, the database does not include
+~ information about flight schedules or
dates.

Turn2: Answerable

How many airlines have flights
departing from here?

SELECT COUNT(T1.Airline) FROM
Airlines AS T1 JOIN Flight AS T2
ON T1.uid = T2.Airline WHERE
T2.sourceAirport like "%APG%"

What is the flight number of Delta
Airlines?

SELECT T2.FlightNo FROM airlines AS T1 @
JOIN flights AS T2 ON T1.uid = T2 Airline —

WHERE T1.Airline = 'Delta Airlines'

Your question is ambiguous. Are you asking
for all flight numbers operated by Delta
Airlines, or specifically those departing from
APG? If you're asking for the former, the SQL
query would be [SQL1]. If you're asking for the
latter, the SQL query would be [SQL2].

Turn4: Improper

@ ® Thanks!

You're welcome! If you have any
more questions, feel free to ask. -
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Dataset

Introduction to MMSQL:Multi-turn Multi-type text-to-SQL test suit.

> Question Types: Answerable /
Unanswerable / Improper / Ambiguous

» Dataset Generation: QDA-SQL to generate
multi-turn Q&A pairs.

» Original data: Transformed samples from
SPARC and CoSQL.

» Dataset Characteristics: Complex multi-turn
and multi-type scenarios.

» Download (dataset and evaluation scripts):

G Github:
* mcxiaoxiao.github.io/MMSQL

Hugginface:
> * from datasets import load_dataset
* ds =load_dataset("GuoZiming/MMSQL")

\\_ ¢

SParC CoSQL  NoisySP  AmbiQT AMBROSIA MMSQL

# Dialogues 4,298 3,007 - - - 6493
Total # turns 12,726 15,433 15,598 3,046 4,242 38,666
Avg. # Q turns 3.0 52 1 1 1 6.0
Avg. Q len 10.2 11.2 - - - 114
Ans. Q type v v X X v v
Amb. Qype X v v v v v
Una. Q type X v v X X v
Imp. Q type X v X X X v

M MMSQL Test Set (149)

M MMSQL Train Set (6493)
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Evaluation Metrics

Metrics Overview

» Exact Matching (EM): All components of the
predicted SQL must match the reference query
(excluding values).

» Execution Accuracy (EX): Proportion of SQL
queries with identical execution results.

> Interaction Execution Accuracy (IEX): All SQL
gueries in a multi-turn interaction execute
correctly.

» Dual Assessment of Question Type Detection
and Execution Accuracy (TDEX): Evaluates both
guestion type classification and execution
accuracy.

» Response Quality Score (RQS): Measures the
quality of natural language responses using an
LLM-assisted rating method.

s

al { Eexec(si;:ii) (a)

1
TDEX = —
N Z 5type(cfia C@) (b)

=1

(a) C; ='Answerable’ or 'Ambiguous’
(b) otherwise
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Model Performance

Key Insights

» Closed-source models (e.g., GPT-4 Turbo) have a slight performance edge.

» Open-source models (e.g., Llama3-70B) are rapidly catching up.

» All models struggle with unanswerable and ambiguous questions.

Ans.

Una.

Amb.

Imp.

Model Prec Rec  Prec Rec Prec Rec Prec Rec Kl

GPT-4 Turbo 90.3 89.8 259 70.0 56.9 38.4 100.0 98.0 68.2
GPT-3.5 Turbo 88.8 89.2 160 650 64.3 209  100.0 96.0 61.1
Gemini-1.5 Flash 859 958 26.3 50.0 58.3 8.1 100.0 95.4 59.3
Llama3-70B 849 952 275 550 80.0 9.3 100.0 92.7 59.8
Llama3-8B 88.3 932 214 60.0 83.3 233  100.0 96.7 64.2
SQLCoder-8B 84.6 996 778 350 0.0 0.0 100.0 98.0 59.7
Codellama-7B 939 165 4.3 85.0 96.6 66.3 56.8 100.0 46.9
Mistral-7B-v(.2 82.1 57.6 4.7 55.0 100.0 50.0 79.1 77.5 55.3

N\ ¢
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odel Performance

Key Insights

> Closed-source models (e.g., GPT-4 Turbo) have a slight performance edge.
» Open-source models (e.g., Llama3-70B) are rapidly catching up.
» All models struggle with unanswerable and ambiguous questions.

» Clarification processes in multi-turn interactions improve query precision.

EX Performance in Different Q&A Scenarios
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ulti-Agent Framework

Framework Overview

2 mm—_———— . .
Q /' Q1: How many airlines have 1 Question Detector Question Decomposer
flights departing from APG? |
| . (" ) T <)
User [ Al: SELEC_T COUNT"' | The question is: 9 :' [Previous QAs] ) ‘
| Q2: What is the flight | / Answerable / i Q2(1): What are the Delta Airlines - ,'I
number of Delta Airlines ] ble / | "IIIIZIIIIZ_IIIIIIIII
e ——— Unanswerable / Improper ¢ “Sub Q1: Retrieve airlines for flights N
@ N | departing from SourceAirport APG. '
7 | AZ2: Are you asking for all flight | SELECT FlightNo FROM flights !
- ® numbers operated by Delta Airlines, \ WHERE SourceAirport LIKE '%APG%' y
Q SChema Se|eCt0r or spgmﬂcally those departlng from ,"S_LTE6—2__R’_e_tﬁé\FéﬁlbﬁfﬁGrBB_er_Fo_r_ID_e_It_eu-“\
e N APG’ 1 Airlines from those flights. |
Database schema i saL 2: JOIN - i
Rewriting possible answerable user i Airline = uid AND Airline !
Table airlines questions: \ = 'Delta Airlines’ A
uid Airline Abbreviation Country
3 Delta Airlines Delta USA A ~
i Q2(1): What are the Delta Airlines !
Table airports i flight numbers for flights departing |
City | AirportCode | AirportName| ... Country 1 1 N\
Ada ADT Ada ... | United States r \ frc_Jr_n_ '_L\f(_;_? _____________________ ¥ - :D yv
T o el Il I — R O .
able flights Vo
Airline FlightNo SourceAirport| DestAirport : Alrlfn()as f:.IO\I{]ItSenaLII‘LSbG‘OrSa ella : SQL Reflner_}
3 101 APG AXN | Aunines Tighis numbers. o @ g mm T —————— \
N N J—>____Finalanswer ’
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ulti-Agent Framework

Framework Overview

——————————— -
Q I, Q1: How many airlines have |
I flights departing from APG? |
User | A1:SELECTCOUNT.. I
Q2: What is the flight l
number of Delta Airlines ]

A ——— — -

®

;.ci Schema Selector

r p
Database schema S I I bl d f' Id
elect relevant tables and fields
Table airlines
uid Airline Abbreviation Country
3 Delta Airlines Delta USA
Table airports
City | AirportCode | AirportName| ... Country
Ada ADT Ada ... | United States
Table flights
Airline FlightNo SourceAirport| DestAirport
3 101 APG AXN
\ J
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Multi-Agent Framework

Framework Overview

I Q1: How many airlines have

A1: SELECT COUNT...
Q2: What is the flight

—
1
flights departing from APG? |
|
I
number of Delta Airlines )

lo

ﬁ Schema Selector
p

uid

Database schema

Table airlines

Airline

Abbreviation

E Only relevant information will be

3

Delta Airlines

Delta

) used for subsequent reasoning.

Table airports

AirportCode | AirportName | ...

Country T
ited State

Ada ... |Un

City
Ada ADT
Table flights

Airline FlightNo

7’

3

101

APG

o

SourceAirport| DestAirport }
AXN |
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Multi-Agent Framework

Framework Overview

lo

ﬁ Schema Selector
-

——————————— -

Q If Q1: How many airlines have |
flights departing from APG? |

A1: SELECT COUNT... |

Q2: What is the flight 1
number of Delta Airlines ]

. Question Detector
4 R

N The question is:

Database schema

Table airlines . AnSWe rable

uid Airline Abbreviati Cou

] e aween ey |1 nanswerable

Table airports

City | AirportCode | AirportName| ... | Country T I m p ro per

Ada ADT Ada ... | United States_ F
Table flights

Airline FlightNo SourceAirport| DestAirport j }

3 101 APG AXN A
g e J

Identify the question
type and decide on
subsequent
strategy.
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Multi-Agent Framework N

Framework Overview

,—— ————— ————

Q1: How many airlines have | Question Detector
flights departing from APG? | - N
User I B | The question is:
Q2: What is the flight I q S ewarabial
nimfelolDelt_a ﬂrllne_s = _., Unanswerable / Improper
l® ) A2: Are you asking for all flight
® numbers operated by Delta Airlines, " . Py
@) §Q Schema Selector or specifically those departing from Ide ntlfy amb Igu ities
‘ N d rewrit ibl
Database schema o A . an rewrite pOSS| e
ewriting possible answerable user
T S— | s ko b
3 | Delta Airlines Delta usa Al | i i
v ; " Q2(1): What are the Delta Airlines ‘: qUGStlonS
Table airports r flight numbers for flights departing !
City | AirportCode | AirportName | ... Country , |
e e e firtoaa| Y| AfomAPG? j
E Q2(2): Provide a list of all Delta :
riine g o OUrceAIrpo as fpﬂ 1
mE ) P | Arines fighs numbers.
\ N J
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Multi-Agent Framework

Framework Overview

i

Question Detector ©© Question Decomposer
((jo====mmememeessceceree——————- ) (7o = <)

i Q2(1): What are the Delta Airlines  [Previous QAs] i

| flight numbers for flights departing ! '\93(_1’_)’__91‘1‘2‘%1"_9“_'_'; ________________ J

' from APG? i TR A

______________________________ 4 Sub Q1 Retneve awlmesforfhghts ||

"""""""""""""""" W W i W

' Q2(2): Provide a list of all Delta : '[p,ev,ous QAs] N

For answerable  Aiines fights numbers 4 & az0n: whatare the Deta Aines =+~ [__.*
Rk alaa s e / :_____.___._._______.________E_______._._______._________.__'_J [
queStlonS, dECOm pOSE ”Sub Q1: Retrieve airlines for flights ) |
th i t b t. i departing from SourceAirport APG. | E
- | SQL 1: SELECT FlightNo FROM flights | i

R e A \ WHERE SourceAimport LIKE %APG%' /€|
and provide the complete 3 | /il @2 Reivsve fight nambers for Deia Y [,
i Airlines from those flights. ! .
SQL Step by Step i SQL 2: SQL1(SELECT--FROM ) JOIN =+ | [==2/

| Airling = uid SQL1(WHERE- JANDAlrhne i
\ = 'Delta Airlines' /
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ulti-Agent Framework

Framework Overview

1
©© Question Decomposer
G ————————— )
] [Previous QAs] ¥
l 02(1) What are the Delta Airlines - s

__________________________________

__________________________________

/ Sub Q1: Retrieve alrlmes for flights \
| departing from SourceAirport APG. i
| SOL 1: SELECT FlightNo FROM flights i
l\“WH ERE SourceAirport LIKE '"%APG%' /

For each SQL, perform Sl G Revieve fight narmbars for Dol ™
s “ 1 Airlines from those flights. -
validation and attempt to { 8QL 2: SQL1(SELECT--FROM) JOIN -~ |
- I Airline = uid SQL1(WHERE--- ) AND Airline :
correct it. 3 \=DetaAidines' J
o= BIX T asal
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= Final SQL j
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ulti-Agent Framework

Framework Overview

1
Question Detector ©®| Question Decomposer
4 Y P (oo )
The question is: | [Previous QAs] |
02(1) What are the Delta Airlines - 4

/ Answerable /

BTGl e 255 ¢ Sub Q1 Retrieve airines for fights - ~

\

) . | departing from SourceAirport APG. i

A2: Are you asking for all flight : SQL 1: SELECT FlightNo FROM flights E

numbers operated by Delta Airlines, \ WHERE SourceAirport LIKE '%APG%' /

g;sg,fc'f'ca"y R / Suib G2 Retieve fight numbers for Delia ™

- - ! 1 Airlines from those flights. I
Combine and obtain  Sal'z oL (SeLECT-From ) Jom |
= Rewriting possible answerable user i Airline = uid SQL1(WHERE- ) AND Airline |

the final answer. 8 | frecions iV AND Al )

{ Q2(1): What are the Delta Airlines ‘: k"* ___________ FinalSQL /)
i flight numbers for flights departing ! <
\ from APG? i
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.’ Q2(2): Provide a list of all Delta ‘} — SQ

l\ Airlines flights numbers.
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onclusion

Summary of Findings

Evaluating and Enhancing LLMs for Multi-turn
Text-to-SQL with Multiple Question Types
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Q&A A\

Engage with Us

> Any questions? orlosziming@outlook.com

» Want to contribute? Submit issues or PRs to our repo

O github.com/mcxiaoxiao/MMSQL

-
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