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Toward real -world centric Text2SQL task
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Å Leveraging structural reasoning capability with LM

- Text2SQL (NL2SQL): Ợ↔▫ʺ ▫⁷‡ᴛ ᶹ‡ṕ ֿפ╥ (Text)╥ ᵱ̓ד 

╥ҵ⁄ Ṩ Ѥ ͐˞ ҆ṉ╙ ̯ⱳ ӈ ▫ᴮ DBᴛṨ   ὡ 

▓Ѥ SQL ֿפ╥ᶷ╙ ỸἛ Ѥ ̓‰

- ♬  Text2SQL ̓ ‰╙ ὡ ͙ ─ ἌѤ ѻ╛╥ challenge (sub-

task) ὡ ╪ ὡ♠

- Linguistic Complexity and Ambiguity: ▫⁷‡ᴛ ӈ Ợ↔▫ ֿפ╥ ἶ 

ᵮ̐א ╢Ҳᵎ ♩ ˪ ῴ ѡ Ѩᴌ ⅝

- Schema Understanding and Representation: Ṩ ⁄╥פֿ  Ѥ ҆ṉ╙ 

ỸἛ ͙ ─  Ɑ ѡ DB╢ ̬Ɑ, ϼ↑╖ ╧  ὡ ▓‡‒ . ╪ױ  

╪ Ѥ Ѿ▀ Table ̯ⱳ, Ͽ↔ ╪ Ṩ  Tableʼ ́̕ Ὸ Ӯ╙ 

- Rare and Complex SQL Operations: Ợ↔▫╥ ֿפ╥ ˺╙ ─  

sub-queryᵑ ỸἛ ױ⁴ Ѥ Nested-query, Window function  Ӯ̓ ˉ╪ 

ṓ◌  SQL ̯ ᶷ ỸἛ ѫᴏ

- Cross-Domain Generalization: System╪ ᾋ ˞Ϯ ᴝ Ѥ DB╥ 

domain⁄ ́̕′╪ ▀ḙ ӈ Ἓѫ╙ ḛ  ὡ ▓‡‒ 

Hong, Z., Yuan, Z., Zhang, Q., Chen, H., Dong, J., Huang, F., & Huang, X. (2025). Next-generation database interfaces: A survey of llm-based text -to-sql. IEEE Transactions on Knowledge and Data 

Engineering.
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Å How to resolve these challenges for successful Text2SQL performance?

Shi, L., Tang, Z., Zhang, N., Zhang, X., & Yang, Z. (2025). A survey on employing large language models for text -to-sql tasks. ACM Computing Surveys, 58(2), 1-37.

- TextSQL⁄Ἄ ⅝̯ӇѤ 4ʺּת challengeᵑ ҀἛ ͙ ─  ѻ‚  

methodology ʺ Ⱶ◓  ὡ ▓╛

- Basic Structure: SQL̓  ̕ᴐӈ ͙ ḓ ♣Ҁ ░ל ╙ᾏתּ  Ѥ Ḣḹ

- Supplementary Knowledge: SQL̓ ̕ᴐӈ Ṓⱳ ּתᾏ╙ ל░ ḓ ♣Ҁ ⁴ 

SQL ̯ᶷ╙ ♬ ˭ ỸἛ ˭ Ѥ Ḣḹ

- Example Selection: ICL Ḣᾏ╖ᴛ SQL ̯ ᶷ╙ ỸἛ ⁄ ▓‡Ἄ ▀ḙ ӈ 

ỸἛ╙ ҵᶛ Ѥ example sampling Ḣḹ

- Reasoning: ♬  SQL ̯ ᶷ ỸἛ╙ ─  fine-grained ᴝ ̓♬ ♬ᵞ⁄ 

̕  Ḣḹ

- ͐ Reasoning trend₮ ᵭᶹᴎ Text2SQL ̓ ‰⁄Ἄ LLM, LRM╙ 

↔ ⁴ ‡֒˭ ♬  SQL ̯ ᶷ╙ ỸἛ  ˦╬ʺ₮ ̕ᴐӈ ⁷̯ʺ 

ḛ בֿ ˭ אַ



How recent trends are embedded in Text2SQL 
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Text2SQL task⁄Ἄ LLM╥ sub-task decomposition 

ѫᴏ╙ Ữ ͙ ─  Ἓ ҥ╪  ̯  ḓ  ᾋ 

Ḣḹᴝ ⱠΌ

Multi -turn conversation, Agentic Ữ ⁄Ἄ╥ 

Text2SQL interaction╙ simulate, evaluate  ὡ 

▓Ѥ ʺ ᴆ▐√  ⱠΌ
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Å Motivations: Task decomposition is a critical bottleneck for applying LLM to Text2SQL

- LLM⁄˭ Oracle sub-task decomposition ˸Ѥ ♩╙ ḛתSQL Ἓѫ Ữ╪ ͙♠╖ᴛ ╪ᴼּ ↕˿ ת ╙

- Ṫ ̆תּ‡Ϯ LLM Sub-task Decomposition╥ qualityʺ ԑױ͎ ӈ sub-task╥ LLM Ḣᾏ ˤּש ♬ Ἓ╪ ᵰ↕ ԑ‡ּתѤ 

Ữ
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Å Motivations: Task decomposition is a critical bottleneck for applying LLM to Text2SQL
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Å Overview for Decomposition Synthesis Procedure

GLM-4-Plusᴛ Gold-query⁄ ҍ ⁴  MCTS 

ˌШ̓ AST parsing ˺̓ᵑ ↔

verifiable decomposition ᾒᾎ

SFT ↔ҵ

Preference learning ↔ҵ

LLM╥ sub-task Decomposition ѫᴏ Ữ╙ ─  

Verifiable Decomposition dataset  ̯  Ḣḹ╙ 

ⱠΌ
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Å Problem Definition

MCTS Ḣᾏ╖ᴛ Decomposition╙ ᾒᾎ ->  Tree search problem

sub-task decomposition ╙ MCTS ̩ Ш╙ ♠↔ ᶔ stateѤ iḴ  sub-task, action╘ decomposition ⁄ ҉

ί ήȟώȟꜝ ώכ ȟ ꜝכÓÕÍώ ȟὙί Ѥ iḴ  query decomposition state

- 

Sub-SQL yiѤ AST parsing╙ Ἄ ♬ nodeᴛ ṪᵆӉ ὡ ▓╛ (node classification)

Progressive Node: ώכꜝ  ╥ sub-tree╪ᶔἌ ꜝכÓÕÍώÐÁÒÅÎÔ╥ sub-treeʺ ῷѳ ˿↕, ּס ꜙ SQL ỸἛ⁄ ̕⁴ ᶔἌҵ 

ы♠ sub-query₮ ̯ṪӇѤ Ựᴛ⇔ sub-query ->  Decomposition  ʷ  O

Redundant Node: ꜝכώ ╥ sub-tree╪ᶔἌ ꜝכÓÕÍώÐÁÒÅÎÔ╥ sub-tree╬ ˿↕, ּס ꜙ SQL ỸἛ⁄ ̕⁴ Ϯ 

ы♠ sub-query⁄ ӇѤ ˿↕ ->  Decomposition  ʷ  X

Invalid Node: ꜝכώ ╥ sub-treeʺ ῷѳ ˿↕, ◄ᶣӈ decomposition ->  Decomposition  ʷ  X

- Node classification╙ Ἄ decomposition ̓♬⁄ ַא⅝ ⅝אַ , ♬Ώ╘ sub-taskᵑ ἐ תּ ⁴ SFT, DPO ᾋ label mapping ⁄ 

↔ 
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Å Problem Definition

- ṕ бᶷ╘ step-level fine -grained sub -task decomposition תּ ╙ . ӻגἌ ʻ decomposition step Ṋ ♬Ữ ὡ  

⁴Ṩ ╬ ḓ ̪♬╙ ─  rewardʺ ⅝

-  DPO͙ḙ preference learning⁄Ἄ Ợ↔  win, lose case̓ ╥ fine-grained margin ╙ Ṩ⁴ ͙ ─  

reward estimation בֿ ╙  



LearNATŕMargin -Aware Reinforcement Learning
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Å Warm -up strategy for Foundational Skill Acquisition

LLM╙ Sub-task decomposition ⁄ Ӈҵᴜ ͙ ᾋ╙ SFT Ḣᾏ╖ᴛ ֿב  

░ᴏ: (אȟ꜠ ȟꜞfi  ->  original query, DB schema, external knowledge 

ᴏ: ήȟώ ȟȣȟήȟώ )

(Q, DB, K, {(q1, y1), · · · , (qn, yn)})



LearNATŕMargin -Aware Reinforcement Learning

12

Å DPO with AST Margin

DPO ͙ḙ╥ preference learning╙ ὡ ⁴ 

░ᴏ: (אȟ꜠ ȟꜞfiȟήȟώ ȟȣȟή ȟώ  ->  original query, DB schema, external knowledge, i -1Ḵ ̓˺ sub-task decomposition ╥תּͥ 

Win: ήȟώ )

Lose: ήȟώ )

Ϯ DPO Ḣᾏ╥ preference learning╖ᴛѤ stepױ͎ -wise sub -task decomposition ╖ ᾈ ͖ „ᴋ∂

Fine-grained sub -task decomposition ╙ ─  AST margin ╖ DPO loss › ʷ ⁭ Preference learning ᾏᾋ

- Wine, loseʼ╥ reward margin╙ loss⁄ ʺ ╖ᴛᾬ win caseʺ loseҍẋ …ᵞϫ Ҕ Ἅ ӆ Ὕ ▐ѡּק⁄ ̕  signal╙ ת ὡ ▓╛

- ꜙ sub-query ỸἛּͥת ˿↕ᴛ win, lose dataset╙ ἒ♬ decomposition ╢קּ͢ ˾ѻ ʹשׂ Ὸ̃ תּ  Ὕ  ˷̐ᵎ Ḓ ╓ᴘҲ ᾈ╖ 

שּ  ὡ ▓╛
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Å Experimental dataset

{'question_id': 0, 

'db_id': 'california_schoolsΩΣ 

'question': 'What is the highest eligible free rate for K-12 students in 

ǘƘŜ ǎŎƘƻƻƭǎ ƛƴ !ƭŀƳŜŘŀ /ƻǳƴǘȅΚΩΣ 

'evidence': 'Eligible free rate for K-12 = `Free Meal Count (K-12)` / 

`Enrollment (K-мнύȫΩΣ 

'SQL': "SELECT `Free Meal Count (K-12)` / `Enrollment (K-12)` FROM 

frpm WHERE `County Name` = 'Alameda' ORDER BY (CAST(`Free Meal 

Count (K-12)` AS REAL) / `Enrollment (K-12)`) DESC LIMIT 1", 

ϥŘƛŦŦƛŎǳƭǘȅϥΥ ϥǎƛƳǇƭŜΩϒ
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Å Implementation details

Å Metric

SQL Query generation Evaluation Metric

- Execution Accuracy (EX)
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Å Main result: Results of Decomposition Synthesis Procedure

- ⱠΌ Decomposition Synthesis Procedureᴛ ỸἛӈ Ἓ ҥ╪ ἥ╥ ᾐᴧἛ╙ ╬ ͙ ─  ᾒ בֿ 

- Self-improvement Demonstration ▐Ḳ♣╘ 80%╥ decomposition Ἓ̑ᵉ╙ Ṓ  תּͥ↔♠ 



LearNAT ŕ Result

16

Å Main result: Competition on the Public Leaderboard

- ⱠΌ LearNAT╪ 7b variantᵣ╖ᴛҵ System-level baseline⁄ ͐♪  Ἓѫ╙ ҵ , 32B variantѤ SOTA Ἓѫ ҀἛ

- System-level baseline╘ pipeline ὡר╥ ʺ ♪͐ḹ╙ ὡ ⁄ҵ Ṭ̯ ̆ LearNATҍẋ ϻ╘ Ἓѫ╙ Ṓ╬ѻѤ ♩⁄Ἄ  ˆ♩╙ Ṓ▐ 



Ἓѫ╙ ⱠΩ  ᶛӧ ˿↕⁄Ἄ 

LearNAT ŕ Result
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Å Main result: Comparison under Identical Evaluation Protocol

- BaselineṊ inference ♣ר╪ ѻᵎḃᴛ LearNAT╢ checkpoint ᵎ Ḓ ╓ᴘ ʸ baselineṇ Inference ♆ץ╖ ♅↑ ╖ Ԃ╢ ἘѨ Ṇ ᵎ ╩ Ѥ ᾒ בֿ 

- OmniSQL╥ BIRD-dev Ἓѫ ד╙ ⱠΩ  ᶛӧ ˿↕⁄Ἄ Ἓѫ Ữ╪ ╪ᴼ︠. ╪Ѥ LearNAT╪ ⱠΌ Ѥ ᾋ Ḣḹ╥ LLM ▫ ╥ Text2SQL ᴝ ѫᴏ Ữ ḓ 

◑Ἓ╙ ˆⱳ Ѥ ᾒ ⁄ ҉
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- ͙Ⱶ Text2SQL ʺỮ ╘ Ѿ Ḵ╥ ֿפ╥(single)ᴛ ˺  ὡ ▓Ѥ ₰♣  ╥ SQL ̯ ᶷ ỸἛ(perfectly-

formed)╪ ᶜ

- Ϯ ᾒἝ́⁄Ἄ Text2SQL╙ Ѥ Ữױ͎ ╘ ᶛ ᵑ ѻѾ́, ҍ╥פֿ   ᾏ╖ᴛ Ữ ▬↔ ᶔἌ Ợ↔▫╥ ᶷⱠ 

Ữ ╙ ˺ ‒

<- ױ╪  ᾒἝ́╥ Text2SQL Ữ ╙ ḙ₅  ὡ ▓Ѥ Interactive Problem -solving process ᶛỢ ʺ פ ╪ 

⅝
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Å Problem Formulation

Multi -turn collaboration Ữ ⁄Ἄ system╥ Real-world  Text2SQL ҍ╞ ѫᴏ╙ ʺ ͙ ─  ᶷⱠ Ữ ╘ ῷמ₮ 

ˉ╛

- Text2SQL system Ὓ╘ DB Environment ꜡ ȟ꜠ִיȟfi ᵑ ḕ ╖ᴛ User simulator ל  ₮╥ Interaction╙ 

Ἄ  Multi -turn╖ᴛ ᶷⱠᵑ ˺ ̆▫ 

- iḴ  Turnᵡѻ user simulatorѤ history, iḴ  sub-task ή, DB Environmentʺ פֿ‡ל ԅ tḴ  interaction╙ 

ỸἛ

- iḴ  Turnᵡѻ system╘ history, iḴ  user query ό, DB Environmentʺ פֿ‡ל ԅ tḴ   ҆ṉ╙ ỸἛ

- ʻ sub-task ήᵡѻ ground -truth SQL „ᶻ₮ Test cases כmappingӇ‡ sub-task Ѿ─ᴛ ♬ Ἓ╙ ╬  ὡ 

▓╛

- ʻ taskᵡѻ 2ˌ╥ sub-taskᴛ Ṫ Ӊ ὡ ▓╖ᶒ ambiguityᵑ ἵ ͙ ─  priority sub -task, 

follow -up sub -taskᴛ ̯ṪӉ ὡ ▓╛
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Å Benchmark Construction

LiveSQLBench Ң╧ ἢ╖ ͖Ḗ╓ᴘ Benchmark ̬

- Read-only operation Ω⁄ҵ Data Manipulation Language, Data Definition Language  Ӯ ѻ‚  SQL caseŋ  

ʺ  ὡ ▓Ѥ ʺ ˿ ⱳἛ

- benchmark Ḥ  ḓ ◓Ợ↔ ʺѫ

- Database╥ metadata₮ External Knowledgeᵑ ⁷́ Ѥ Hierarchical Knowledge Base Ⱶ◓

- ͙Ⱶ LiveSQLBenchѤ single-turn benchmark ᴛ ṕ бᶷ╘ ╪ᵑ real-world ʺ ˿╙ ḙ₅  ὡ ▓Ѥ multi -

turn benchmark ᵑ ̯ ̆▫ 

- 12ᶘ╥ ♣ᶷ Annotatorᵑ ᶛ︡ ⁴ ambiguity injection, follow -up sub -task generation╙  multi -turn 

benchmarkᴛ ṉ ╙ ᾒᾎ
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Å Benchmark Construction

1. Ambiguity Injection  ->  Priority sub -task generation

- ͙Ⱶ user query⁄ superficial user query ambiguities, Knowledge ambiguities,  Environmental ambiguities ᵑ 

░ל

- superficial user query ambiguities Ѥ user╥ ṬṪᶘ  Ѿ‡ Ợ↔╖ᴛ ambiguityʺ ל░ӇѤ ˿↕ (intent -level ambiguities )₮ 

Ḹ─, ᾎʼ Ӯ ̯  Ӱ ▀ Ṩⱴ╖ᴛ ╬  ambiguity ל░ ˿↕ʺ Ⱶ◓ implementation -level ambiguities

- Knowledge ambiguities Ѥ external knowledge  fi⁄ ♬ ˌ╥ knowledgeᵑ Ⱡ˞ ⁴ ambiguityᵑ ל░ Ѥ one-shot 

knowledge ambiguity , multi -hop knowledge⁄Ἄ ַא  ̓chain╙ Ⱡ˞ Ѥ knowledge chain breaking ╖ᴛ ambiguity ל░

- Environmental ambiguitiesѤ ͙Ⱶ LiveSQLBench⁄Ἄ metadata⁄ Ⱶ◓ Ѥ ambiguityᵑ ╥Ḉ

- Ground-truth SQL⁄Ἄ ambiguityʺ ל░ӈ ṨṪ⁄ ҉ Ѥ SQL snippet╙ paring ⁴ clarification sourceᴛ 

Ợ↔,

user simulator ל  ʺ system̓╥ interaction ̓♬⁄Ἄ ♬  clarification╙ ҵᴜ ἒ♬



Bird-Interact ŕ Method
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Å Benchmark Construction

2. Follow -up Sub -tasks Annotation ->  Follow up sub -task generation

- Ambiguity injection ╖ᴛ ỸἛӈ Priority sub -task⁄ pairӇѤ follow -up taskᵑ 5ˌ Ṫᵆ ́⁄ ӻגἌ ỸἛ

- ױ╪  5ˌ Ṫᵆ ́Ѥ Priority sub -task₮ Follow up sub -task╥ state dependency⁄ ╥˞ ♬תּ ⁴
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Å Function -Driven User Simulator

Interactive Multi -turn evaluation ̐ ῶ♩♅╩ ʷᵎ ⌐ ⁭ Two-stage strategy ᵎ ↑  User simulator ↔↑╖ 

ᾏᾋ

- LLM as Semantic Parser: User Simulator ѡ System ╛҃ ˷̐ᵎ Parsing ⁭Ἁ AMB, LOC, UNA₫ ˆ╕ ḅᵖ 

Ἅ ╖ץ♆ ╛Ӆ typeṇ Ҋ♩קּ

- Ἅ Ӆ Ҋ╛♆ץ╖ Ḓ ╓ᴘ User Simulator ѡ ╛҃╖ ỵἘ
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Å Evaluation settings  - ╬-Interact evaluation

Multi -turn dialogue ḟᾌ╓ᴘ System̐ User simulator ʷ interaction ╖ Ὕ

- UserѤ ͙⁄ ambiguous  sub-questionᵑ ֿפᶷ, System╘ ╪⁄ ̕  Ambiguityᵑ Ⱡ˞ ͙ ─  ἶ ֿפᶷ ḓ 

♠♥  sub-queryᵑ ỸἛ ‒

- System╪ ◄ᶣӈ SQL queryŋ ˺ Ѥ ˿↕, ╪ᵑל   ὡ ▓Ѥ debugging ͙ ᵑ sub-question҉ 1 ⁄ ⁴ Ṩ⁴

- System ỸἛ sub-queryѤ dataset ̯  Ѿ́⁄Ἄ taggingӈ label╙ ḕ ╖ᴛ correctness ╬, ἶ sub-

question╙ ᶸѤ Ḣᾏ╖ᴛ ҍ ᵑ ╪‡ˁ

Budget Constraints
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Å Evaluation settings  - ╪-Interact evaluation

Agent ʷ ḟᾌ╓ᴘ ở♆ ♩╢Ӆ action space ᵎ Ḓ ╓ᴘ System╧ ⅔› ӸׇἉ user simulator ₫ interaction ѡ 

ʷ ừ

- Target database, metadata, HKB, User Simulatorʺ Callable Toolᴛ ל‡ⱨ System╘ ͙⁄ תּ‡לѤ question╙ 

˺ ͙ ─  Agentic  Ḣḹ╖ᴛ ᶷⱠᵑ ˺ ‒ 

Budget Constraints

ὄ ὄ   ς ά   ς ‗
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Å Metric

Success Rate (SR) Normalized Reward (NR)
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Å Main result

- 5ˌ╥ close-source ᶛҨ ḓ 2ˌ╥ open-source model╙ ḕ ╖ᴛ ʺ ֿב

- GPT-5, Gemini-2.5-pro ᶛҨҵ 20% ὡר╥ ᵰ↕ ϻ╘ SR, NR╙ Ṓ▐

- c-interact, a-interact Ữ ⁄Ἄ ӎ ᶛҨ╘ ἵ 16.33, 17╥ SR╙ ͙ᴜ

- Priority Question  Ṓѻ Follow-ups╥ Ἓ̑ᵉ╪ ♇  ϻ╛. 

╪Ѥ ҍ  History ʺַא⁄ ӻ  mContext Length Ⱡ–╖ᴛ ╬  ˺̓ᴛ ♬

- ᶛҨө╘ ṓ◌  ҵᶉ╬ ּתᾏ̓ ṪἍ ᴝ╪ ⅝  ẋּנѱᾅ ╬ ᵙ♣ᾅ(BI) 

ᵙʺ ♬ ӈ ╙ ʺֿב ҥ╪  ̕ᵙ(DM) ᾅ Ṓѻ Ἓѫ╙ Ͽ͙ 

‡ᴎ≠╛

- ᶛҨṊᴛ ˆ♩╙ ʺּתѤ Interaction Ữ ╪ ѻᵒ╙ ῼ ὡ ▓╛. 

 GPT-5╥ ˿↕ C-interact ҍẋ a-interact⁄Ἄ Ṓѻ SR╪ иῷּתѤ ˦╙ ῼ 

ὡ ▓╛
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Å Interaction Analysis  Ř Memory Grafting

- GPT-5╥ c-interact Ữ ⁄Ἄ╥ ϻ╘ Ἓѫ╪ ҍ  Ữ ⁄ ҍ╞ ѫᴏ╪ 

ԑ‡ּתѤ ˦⁄ ͙╬ ⁴ ʺ ᾒ בֿ ╙

- Memory Grafting: Ữҍ♠╖ᴛ ҍ  ѫᴏ╪ ְ‡ϱ Qwen-3-Coder, O3-Mini╥ 

ambiguity resolution ͙ᴜ╙ GPT-5ʺ ↔ ⁴ c-interact Ữ ⁄Ἄ ᶷⱠᵑ 

˺ ҵᴜ ἒ♬ 

- ӎ ᶛҨ╥ interaction history ᵑ ↔  ԅ GPT-5╥ Ἓѫ╪ ˌἐӇѤ ˦╙ 

╬
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Å Interaction Analysis  Ř Interaction Test -Time Scaling

- ᶛҨ⁄˭ תּ‡לѤ ֿפ  ʊḓ ҍ  ͙  ↔ ὡ(User patience)ᵑ ּשʺ ⁄ 

ӻᵐ Ἓѫ ṉ ᵑ ╬

- Claude-3.7-Sonnet╪ scailing ̓ᵑ ◄ ḚѤ ˦╙ ╬. ᵤ╘ interaction╪ 

↔Ӊ ˿↕ Oracle setting╙ Е‡ἒ ὡ ▓Ѥ ʺѫἛ╙ ╬

-  ᶛҨҵ ẋᾌ  ‚Ữ╙ Ṓ╪Ϯ Oracle setting Ἓѫ⁄ Ḉ ᶣ תּ ╙ ╬
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Å User Simulator Analysis



Applying Text2SQL for inter -research
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Harnessing Temporal Databases for Systematic Evaluation of Factual Time-Sensitive Question-Answering in LLMs 
(ICLR 2026)
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