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ABSTRACT

With signi�cant advancements in Large Language Models (LLMs)

in recent years, text-to-SQL has emerged as a prominent paradigm

for querying databases, aiming to transform natural language into

executable database queries. Despite the outstanding performance

of previous works on relational databases, few studies have ad-

dressed spatial queries, where both data and queries are related to

spatial information. Compared to text-to-SQL tasks on relational

databases, generating spatial SQL from natural language remains

challenging due to the complexity of geometric operations and

spatial reasoning. To tackle these issues, this paper presents Spa-

tialSQL, a multi-agent system for interactive and observable spatial

text-to-SQL generation. At the core of SpatialSQL, several specially

designed agents are coordinated to interpret user intent, construct

spatial SQL queries, and iteratively re�ne them based on execu-

tion feedback. Additionally, SpatialSQL integrates a platform for

monitoring and managing the entire interaction lifecycle, including

chat histories, SQL execution traces, and user feedback, through

an administrative console. To support interactive exploration, Spa-

tialSQL surfaces intermediate reasoning artifacts and execution

results, enabling users to inspect and guide the query generation

process. We demonstrate SpatialSQL through a uni�ed user inter-

face and management console that together support transparent

query construction and system observability.
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Figure 1: Work�ow of a spatial text-to-SQL system

1 INTRODUCTION

Text-to-SQL tasks aim to transform natural language queries into

SQL for database querying, reducing the barriers to data analytics

and decision-making [7]. The recent emergence of Large Language

Models (LLMs), such as GPT-4 [8] and Qwen3 [9], has signi�cantly

improved text-to-SQL performance [4, 10], spurring a growing

research focus on text-to-SQL.

However, existing text-to-SQL systems primarily focus on rela-

tional queries, providing limited support for spatial databases [4, 7],

which are widely used across various application domains, in-

cluding geography, oceanography, urban planning, transportation,

and trajectory analytics [11]. Prior works have explored natural

language interfaces and spatial semantics modeling for spatial

databases [5, 12], but they provide limited support for interactive

and observable spatial text-to-SQL generation. As illustrated in

Fig. 1, spatial queries require complicated reasoning over geometric

types, spatial predicates, and coordinate systems, as de�ned in the

SQL/MM standard [1]. The large function space of spatial DBMSs

such as PostGIS [2] and the scarcity of public spatial text-to-SQL

benchmarks further widen this gap.

To address these challenges, we present SpatialSQL, a multi-

agent system for spatial text-to-SQL generation that extends our

prior work NALSpatial [6]. Unlike NALSpatial, which relies on

a pre-constructed query corpus and task-speci�c model training,

SpatialSQL adopts an LLM-based agent orchestration work�ow

without task-speci�c training. SpatialSQL coordinates multiple spa-

tially specialized agents to interpret spatial intents and construct
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Figure 2: System architecture of SpatialSQL

spatial SQL queries for di�erent tasks, such as range queries, nearest

neighbor queries, and spatial join queries. In addition, SpatialSQL

records user-agent dialogue history and user feedback, and converts

them into structured supervision signals, supporting continuous

system improvement. Besides, SpatialSQL adopts a dual-interface

design to serve both end users and developers. For end users, it pro-

vides a uni�ed interface supporting conversational interaction, SQL

inspection, and map visualization to facilitate data exploration. For

developers, it features a dedicated admin console for operational

monitoring, trace inspection, and failure diagnosis. Under the hood,

the backend implements the reasoning pipeline, which empowers

the agents with external tools and provides uni�ed connectivity

across heterogeneous spatial database management systems.

In summary, the contributions are as follows:

• SpatialSQL is the �rst interactive and observable multi-

agent system for spatial text-to-SQL generation.

• SpatialSQL features a role-specialized multi-agent frame-

work that coordinates context retrieval, knowledge retrieval,

SQL generation, and SQL validation to better support geospa-

tial semantics and complex spatial queries.

• SpatialSQL includes an end-to-end observability and man-

agement plane that records intermediate reasoning artifacts,

tool invocation traces, SQL versions, and execution results

for monitoring, diagnosis, and system improvement.

2 SYSTEM DESIGN

2.1 System Architecture

As shown in Fig. 2, the system consists of two parts: the multi-agent

generation framework and the system observability module.

The multi-agent generation framework serves as the core of Spa-

tialSQL. It accepts natural language queries from the user interface

and coordinates retrieval, planning, SQL generation, and valida-

tion to produce executable spatial SQL. To support this process,

the framework interacts with external tools, spatial databases, and

LLM backends. Further details are presented in Sec. 2.2.

The observability module provides monitoring and analysis sup-

port for developers and administrators. It includes an admin console

together with a history store that records chat history and SQL his-

tory. These components support trace inspection, failure diagnosis,

and subsequent system re�nement, as described in Sec. 2.3.

2.2 Multi-Agent Generation Framework

Specialization of Agent Roles. Role specialization in Spatial-

SQL is motivated by the complexity of spatial text-to-SQL, which

comprises several tightly coupled steps that are di�cult to handle

robustly within a single component. A user request often requires

interpreting spatial intent, retrieving relevant context and domain

knowledge, formulating an executable spatial SQL query, and val-

idating it against schema and execution constraints. SpatialSQL

therefore decomposes the overall task into cooperating agent roles,

each handling a speci�c subtask and producing intermediate arti-

facts for the next step. This modular design clari�es responsibilities

and makes the generation process easier to orchestrate, monitor,

and re�ne. Accordingly, SpatialSQL de�nes the following �ve roles:

(1) Planner serves as the central coordinator of the multi-agent

framework. It interprets the user query, determines whether addi-

tional context or knowledge is required, and orchestrates the calls

to other agents. The Planner also aggregates intermediate artifacts

and returns the �nal spatial SQL.

(2) Context Retrieval Agent retrieves and structures context for the

current query. It aggregates relevant conversation history, prior

SQL, and execution outcomes from the persistence layer, and fetches

schema metadata and representative database values when needed.

(3)Knowledge Retrieval Agent acquires external evidence required

for spatial text-to-SQL. It invokes the tool layer (e.g., vector search,

keyword search, and web search) to obtain schema hints, domain

knowledge, or related references.

(4) SQL Generator Agent constructs spatial SQL queries based on

the user request, retrieved context, and supporting evidence. It

produces SQL drafts that include spatial predicates and functions as

needed, together with the key assumptions used during generation.

(5)SQL Validator Agent checks candidate SQL queries for executabil-

ity. It veri�es syntax and schema consistency, and it performs checks

for spatial queries, including the proper use of spatial predicates and

functions, geometry type compatibility, and coordinate reference

system consistency when spatial transformations are involved.

Agent Orchestration. SpatialSQL follows an iterative orchestra-

tion loop for spatial text-to-SQL. The Planner coordinates context

acquisition, evidence retrieval, SQL construction, validation, and

triggers additional iterations when necessary. Figure 3 illustrates

the agent orchestration of SpatialSQL.

Main Path: Given a user query, the Planner initiates a processing

round by requesting a compact context package from theContext Re-

trieval Agent, which summarizes relevant chat turns, prior SQL, and

recent execution outcomes, and optionally includes schema meta-

data and representative database values. The Planner then prompts

the Knowledge Retrieval Agent to complement this package with

external evidence via the tool layer. Conditioned on the combined

context and evidence, the SQL Generator Agent produces one or

more candidate spatial SQL drafts. The drafts are then checked by
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Figure 3: Multi-agent orchestration of SpatialSQL

the SQL Validator Agent to ensure they are executable and satisfy

key schema and spatial constraints. Upon validation, the query

is executed through the database connector, and the results are

returned to the user interface.

Failure and Retry:When the Planner detects insu�cient evidence to

proceed, it triggers additional retrieval by requesting more context

from the Context Retrieval Agent or acquiring external evidence

through the Knowledge Retrieval Agent. Alternatively, if the SQL

Validator Agent identi�es an incorrect or non-executable SQL query,

it returns diagnostic feedback to the Planner, which re-orchestrates

the next iteration by adjusting retrieval, generation, and validation

steps. In both cases, the Planner performs targeted retries by updat-

ing inputs or constraints and re-invoking generation and validation.

The loop terminates when a valid query is produced, when addi-

tional user clari�cation is required, or when a prede�ned maximum

number of retries is reached. We note that the multi-agent work�ow

introduces additional latency and token overhead, but SpatialSQL

reduces this cost by compressing conversation history, invoking

agents only when needed, and limiting the number of retries.

Tools. The tool layer provides a uni�ed interface between the multi-

agent generation framework and the external environment. It is

introduced to (i) decouple agent logic from heterogeneous tool

backends, (ii) standardize tool inputs and outputs into reusable

artifacts, and (iii) support traceable and replayable tool invocations

for system monitoring and debugging. To this end, SpatialSQL

integrates a set of tools in the tool layer, described as follows:

(1) Vector Search: A vector search tool used to fetch relevant evi-

dence from indexed resources, such as schema descriptions, docu-

mentation of spatial databases, and previously curated examples. It

is typically invoked when the query requires semantic similarity

search or when keyword signals are insu�cient.

(2)Keyword Search: A keyword search tool used to locate exact or

fuzzy matches, such as table and column names, spatial function

names, or domain speci�c entities. It complements vector search

by providing precise matching for queries that reference columns,

tables, spatial functions, or entities.

(3) Web Search: A web search tool used to obtain external infor-

mation when local resources are insu�cient, for example, domain

background or de�nitions referenced by the user query, or relevant

examples for resolving SQL errors when the agents cannot repair a

query locally. Retrieved content is treated as supporting evidence

and is incorporated into subsequent reasoning steps.

(4)Database Connector : A database connector tool provides access

to spatial databases to supply database context and query execution

support. It retrieves spatial database clues needed during generation,

such as representative values and geometry related metadata, and

it executes candidate SQL to support validation and returns results

and execution feedback to guide repair steps when validation fails.

2.3 System Observability Module

System observability is essential for SpatialSQL because the spatial

text-to-SQL process spans multiple components, and failures are

often di�cult to diagnose from the �nal output alone. This section

describes how SpatialSQL improves transparency and supports

debugging by collecting key observability signals, recording them as

structured traces, and presenting them in an observability console.

Observability Signals. SpatialSQL organizes observability into

three categories: (i) a system overview that reports operational

statistics across sessions, chats, and SQL queries, (ii) interaction

histories that record conversations and SQL executions together

with tool-invocation logs, and (iii) user feedback during chats.

Trace Recording. System observability in SpatialSQL aims tomake

the spatial text-to-SQL process transparent and diagnosable. Ac-

cordingly, SpatialSQL collects signals from the system overview,

interaction histories, and user feedback to support both runtime

monitoring and post hoc analysis. To enable inspection and replay,

SpatialSQL aligns these signals along the session and turn timeline

and records a uni�ed trace for each request that links the conver-

sation, tool invocations, and SQL executions. With these traces,

developers can replay failed sessions to trace any failure back to its

speci�c �awed reasoning step.

Observability Console. SpatialSQL surfaces these signals and

traces through an observability console for monitoring, diagnosis,

and data curation. An overview dashboard visualizes aggregated

statistics at the session, chat, and SQL-query levels, helping op-

erators assess system status and detect anomalous patterns. For

debugging, a trace inspector organizes records by session and turn,

presenting conversations, tool invocations, and SQL executions in

a uni�ed view. This drill-down work�ow helps developers localize

failures and inspect intermediate evidence used during generation

and execution. The console also links user feedback to correspond-

ing traces and supports quality annotation, curating high-quality

data for optimizing the multi-agent system.

3 DEMONSTRATION PLAN

We demonstrate SpatialSQL through two complementary views:

the user interface for interactive spatial text-to-SQL and the admin

console for monitoring, analysis, and data curation.

Setup. SpatialSQL is deployed as a client-server web application.

The backend is implemented as a FastAPI server, which orchestrates

�ve specialized agents through AgentScope [3] and connects to

spatial databases via a uni�ed connector. The frontend provides

the user interface and the administrative console, communicating

with the backend through RESTful APIs and Server-Sent Events to

support real-time interaction between users and agents. We load
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(a) User interface (b) Admin interface

Figure 4: SpatialSQL interfaces for interactive spatial text-to-SQL and system observability

a geospatial dataset of urban features, including facilities, land-

marks, and transportation infrastructure, into a database instance

to support spatial query exploration in an urban analytics scenario.

User Interface for Interactive Spatial Text-to-SQL. As shown

in the user interface of Fig. 4a, the system adopts a resizable multi-

panel layout. The left panel provides a hierarchical schema tree

for browsing connected databases and selecting relevant tables or

views as context. The center panel supports both SQL mode for

syntax-highlighted query editing and execution, and Map mode

for spatial visualization, WKT geometry drawing, and region-of-

interest speci�cation through Google Maps. Execution results are

shown in a collapsible paginated preview pane and can be inspected

as tables or map overlays. The right panel provides a chat interface

where users can ask questions, follow the multi-agent generation

process, and insert generated SQL into the editor with one click.

Admin Interface for System Observability. As shown in the

admin console of Fig. 4b, the interface is organized as a dashboard

with sidebar navigation and a scrollable main content area. A global

toolbar provides time-range �lters and search functionality, while

the main sections present high-level views of system activity, query

execution, training data management, data export, and con�gura-

tion. Among these components, the Sessions & Messages section is

the central workspace for monitoring and improving user interac-

tions. It allows administrators to inspect session histories, review

user feedback, and assess the quality of responses. The resulting

interaction data can then be used to further improve the agents.

4 CONCLUSION

In this demonstration, we present SpatialSQL, a multi-agent sys-

tem for interactive and observable spatial text-to-SQL. SpatialSQL

organizes spatial query translation as an orchestration loop that

integrates role-specialized agents for spatial SQL generation. Be-

yond returning spatial SQL and results, SpatialSQL captures signals

from interaction and execution and makes them accessible through

the admin console for inspection. While our implementation tar-

gets common spatial databases, its modular architecture provides

a blueprint for extending agent-based query interfaces to other

specialized data systems, such as time-series and graph databases.
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