SHAFIILE A HEHE| =27
Journal of The Korea Society of Computer and Information

J KS I Vol. 31 No. 8, pp. 171-179, August 2026
C https://doi.org/10.9708/jksci.2026.31.08.171

A Comparison of NL2GeoSQL Execution Accuracy Across Metadata
Configurations: A Case Study of Crime Vulnerability Grid Database

Ki-Sung Song*

*Officer, Spatial Information Division, Seoul Metropolitan Government, Seoul, Korea

[Abstract]

Spatial data are continuously used in policy decision-making, but they are difficult for non-experts to
use because spatial relationships and location-based operations must be considered together. Natural
language spatial query technologies can serve as a technical alternative that enables users to directly
specify required analytical conditions beyond predefined dashboards or prewritten query statements. This
study compares the effects of metadata configurations on NL2GeoSQL execution accuracy using Seoul’s
crime-prevention decision support data. To this end, a PostGIS-based spatial database and an evaluation
set of 30 Korean natural-language spatial queries were constructed, and SQL statements generated by
two code-focused large language models under five metadata conditions were executed and evaluated.
The results show that the SQL-to-text example condition achieved the highest execution accuracy and
also performed relatively well in schema linking and spatial function use. This study demonstrates that

metadata configuration affects GeoSQL generation performance and that SQL-to-text examples can be

used as execution-oriented knowledge for GeoSQL generation.
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I. Introduction

1. Background
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2. Objectives
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3. Contributions
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II. Preliminaries

1. Natural Language Data Query and NL2SQL
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2. Metadata for Text2SQL
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3. NL2GeoSQL and Spatial Query Evaluation
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4. Distinctiveness of This Study
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III. Problem Definition & Design Goals

1. Problem Definition
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2. NL2GeoSQL Execution Framework
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3. Metadata Conditions
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Table 1. Metadata Conditions
Mean
Avg. .
Cond. | Metadata scope Purpose input
length
tokens
S:hne-;[;atlal Baseline under
co common 4114 1,041
common query
. controls
semantics
. Effect of basic
c1 | CO * spatial spatial 5902| 1,651
metadata
metadata
Effect of value
C2 | C1 + value profile | distribution 14,997 5,493
metadata
Effect of
1+ L-to-text
C3 ¢ SQL-to-tex query-pattern | 30,027 12,370
examples
examples
C1 + value profile | Effect of
C4 |+ SQL-to-text integrated 39,143 16,212
examples metadata
Note. Mean input tokens were calculated from the
usage.prompt_tokens values returned by
Qwen2.5-Coder across 30 evaluation queries.

Common Query Semantics and SQL generation rules
were applied consistently across all conditions.

4. Design Goals
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IV. Experimental Setup

1. Dataset and Evaluation Questions
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Table 2. Data Tables Used in the Experiment

Table Geometry Role
analysis.crime Multi Final 100m grid
_grid_analysis -polygon analysis table

. . Multi Source crime
raw.crime_grid o .
-polygon -vulnerability grid
raw.cctv_point Point CCTV locations
. . E Il
raw.bell_point Point merger.lcy be
locations
raw.light_point Point Securlt}/ light
locations
raw.school_zone Multi School-zone
_polygon -polygon polygons
raw.adm_dong Multi Administrative-dong
_boundary -polygon boundaries
Multi - .
raw.gu_boundary u District boundaries
-polygon

Table 3. Example of an Evaluation Question,
Reference SQL, and Reference Execution Result

Natural language question
Show me the high-risk grid cells that overlap with
school zones.

|
Reference SQL

SELECT DISTINCT
g.grid_id,
g.vuln_grade
FROM raw.crime_grid g
JOIN analysis.crime_grid_analysis a
ON a.grid_id = g.grid_id
JOIN raw.school_zone_polygon z
ON ST_Intersects(g.geom, z.geom)
WHERE g.vuln_grade IN (4, 5)
ORDER BY g.grid_id;

|
Reference execution result
Result unit Distinct grid cells
Row count 3,906
Output columns grid_id, vuln_grade
Grade 4: 1,820 cells:
Grade 5: 2,086 cells
Note. The complete 3,906-row result set was retained
as the reference result; this table reports its
schema and summary counts.

Result summary

2. Model and Environment
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32,7682 WAsI9L00, AlY AIYSZ-E Table 40 AA|
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Table 4. Test Environment

Category Setup

LLM Qwen2.5-Coder-32B-Instruct;

Devstral-Small-2-24B-Instruct-2512
Backend LM Studio local server
API type OpenAl-compatible API
SQL.executlon 60 seconds

timeout
Database PostgreSQL/PostGIS

GPU Intel Arc 140V

RAM 32 GB

CPU Intel Core Ultra 7 258V

3. Comparison Axes
Z448 vEgoly 535 AAR C=® vluwsh] s,
oF AojA] AoJst CO~C4 7L Table 59] ¥]wZo] wh
A

Table 5. Comparison Axes

Cond. Comparison Interpretation
Spatial metadata Effect of basic spatial
C0—C1
effect metadata
. Additional effect of value
C1—C2 | Value profile effect distribution metadata
Additional effect of
C1—C3 Example effect SQL-to-text examples
C1-C4 Integrated Effect of integrated
metadata effect metadata
C2/C3 Integration vs. . C.o.mparlson l?etween
individual and integrated
—C4 component
metadata

4, Evaluation Metrics
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Table 6. Evaluation Metrics
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V. Results and Discussion

1. Performance by Metadata Condition
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Metric Description

Evaluation focus

SQL validity PostGIS

Whether the generated SQL is executable in

Syntax, table, column, function errors

Execution accurac
y the reference result

Whether the generated result exactly matches

Final result correctness

Result F1
reference results

Overlap between standardized generated and

Partial result agreement

Spatial function
presence accuracy

Whether required ST_* functions are included

Spatial operation use

Schema linking
accuracy

Whether required tables and columns are used

Table and column linking

Error type Main cause of failure

Table/column, result-unit, execution,
spatial-function, extra-column, and other errors
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Table 7. Performance by Metadata Condition

Spatial | Schema
Model | Cond. SQ.L 2CE | REEl Fpunc. Link.
Valid. | Acc. F1

Acc. Acc.

COo 76.7 20.0 90.0 214 36.7

C1 96.7 13.3 86.0 28.6 333

Qwen | C2 100.0 | 133 87.9 28.6 333
C3 100.0 | 433 86.9 50.0 70.0

C4 96.7 36.7 86.4 57.1 63.3

COo 86.7 6.7 82.6 28.6 333

Devs C1 73.3 13.3 92.1 429 36.7
—tral C2 93.3 16.7 83.4 214 36.7
C3 96.7 40.0 85.5 429 66.7

c4 83.3 36.7 82.9 429 66.7

Note. Values are percentages.

2. Error Type Analysis

Table 82 Qwen2.5-Coder Z@& 7]&20=2 A4 2
o] 58 7Y QORE Zolth. 0f= 2 Hol
MNEl Q=(table error), ZAdt @ QF(result unit

=

error), A8 A& 9 =(column error)of AL
SZEol 22 8% 73A Hlo 1R
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1% 7,;4% NLZGeoSQL *é% WS Slsl Elols A

E}Eﬂolﬂ —_r“éol %51%*% EO%%E%.

Table 8. Major Error Types

Error type Count Rate (%)
Table error 35 23.3
Result unit error 33 22.0
Column error 27 18.0
Execution error 6 4.0
Spatial operator error 5 3.3
Extra columns only 3 2.0
Others 3 2.0

Note. Rates are calculated based only on the 150
Qwen2.5-Coder generated SQL outputs. Others
include syntax_error, numeric_error, and
ranking_order_error.

VI. Conclusion
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