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Abstract

Modern Internet-scale services evolve, yet database interactions
are increasingly obscured by languages, frameworks, and abstrac-
tion layers. This loss of visibility weakens the link between code
changes and SQL behavior, leading to performance regressions, se-
curity risks, and costly diagnosis. SQLens is a practical system that
restores auditable, end-to-end visibility between application code
and executed SQL in large, heterogeneous codebases. It combines
static program analysis with LLM-guided reasoning in a closed-
loop workflow: starting from database emission sites, cooperative
agents traverse control and data flows to reconstruct SQL construc-
tion and parameter binding. The system refines these mappings
using SQL logs collected over time and stores them in a versioned
knowledge layer supporting code-to-SQL lookup and SQL-to-code
attribution. Deployed at Alibaba Group and evaluated on diverse
open-source services, SQLens achieves high precision and recall in
code-to-SQL reconstruction, reduces SQL-incident resolution time,
and, when integrated with continuous integration pipelines and
runtime observability, supports detection and mitigation of SQL
issues, enabling continuous SQL governance at industrial scale.

CCS Concepts

« Information systems — Query languages; Database admin-
istration; Enterprise information systems.
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1 Introduction

Large-scale Internet companies such as Alibaba Group operate com-
plex software ecosystems that underpin e-commerce, payments, lo-
gistics, recommendation, and cloud services [10, 43]. These ecosys-
tems are built on diverse languages and frameworks under mi-
croservice and multi-tenant architectures, where business logic
spans multiple layers (APIs, service modules, data mappers, and
shared libraries) and forms dense interdependencies across ser-
vices [25, 42, 63]. Database interactions remain the foundation of
system reliability and performance [36]. Yet visibility into how ap-
plication code interacts with databases is increasingly difficult to
sustain—a loss that directly affects operational safety and business
continuity [21, 29]. In practice, even a single inefficient query or
missing index can cascade across components, causing performance
regressions and user-visible degradation [12, 26, 52, 78].

This need for reliability is increasingly undermined by the loss of
transparency between source code and executed SQL [14, 46, 56, 64].
Modern large-scale systems depend on heterogeneous language
stacks such as Java with Spring or MyBatis, Python with Django
ORM, Node.js with TypeORM, and Go with lightweight SQL drivers.
Each framework defines distinct conventions for query construc-
tion and parameter binding, while layered abstractions such as
query builders, data mappers, configuration templates, and fea-
ture toggles further distance developers from the SQL behavior
observed at runtime [3, 13, 37, 72]. Although these abstractions
enhance modularity and productivity, they obscure the provenance
of query execution. Consequently, engineers and reliability teams
struggle to trace which code paths generate specific queries or how
configuration and code changes alter data-access patterns. This
erosion of linkage between code and SQL disrupts the feedback
loop between code evolution and database performance, impeding
large-scale preventive governance [73].

The visibility gap affects the entire software lifecycle. During
code review, developers cannot tell whether a change introduces
new queries or modifies access paths, letting inefficient or unsafe
SQL reach production. Because test environments seldom match
real data distributions, regressions often appear only after deploy-
ment [60]. In operation, slow queries and anomalies delay diagnosis
as teams manually link logs, traces, and code [47]. Over time, refac-
toring and staff turnover erode knowledge of SQL behavior, raising
the cost of each issue. Without a durable mapping between code and
emitted SQL, organizations face recurring regressions, escalating
maintenance costs, and persistent governance blind spots.


https://doi.org/10.1145/3788853.3803091
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.1145/3788853.3803091

SIGMOD Companion ‘26, May 31-June 05, 2026, Bengaluru, India

Xiao Yang et al.

Figure 1: SQLens provides code-to-SQL visibility across the software lifecycle.

Closing this gap is beyond the reach of deterministic and static
methods alone: production SQL is shaped by dynamic control ow,
con guration-driven templates, and runtime composition scenarios
that even sophisticated static analysis struggles with and that go

their single-pass outputs are frequently approximate or unreliable.
To address this, SQLens designs a work ow in which the solving
phase produces preliminary results at scale, and the comparatively
cheap and reliable veri cation phase re nes and distills these re-

beyond cross-language coverage. This motivates semantics-aware,sults. More concretely, SQLens scans repositories to identify SQL

agent-based reasoning in addition to rule-based analysis.

emission sites such as ORM executors and driver invocation points.

Existing approaches such as manual review, static analysis, dy- From each emission site, cooperative agents traverse control and

namic monitoring, provenance, and LLM-based reasoning each
illuminate part of the problem but, in isolation, fail to provide a
persistent, auditable code-to-SQL visibility layer that evolves with

data ows in both directions to collect the contextual information
that shapes query construction. Guided by a ReAct-style reasoning
loop, an LLM infers SQL templates together with their parameter

the codebase. The challenge is to establish a reliable bridge be-bindings. A backward validation is then performed on SQL logs
tween application code and its resulting SQL behavior. In large, collected over time, validating whether each emitted SQL can be
heterogeneous codebases, database access logic is rarely explicitraced to its source code, and feeding con rmed results back into the
and emerges from the interplay of these factors; addressing it re- versioned knowledge layer. This versioned knowledge layer, in turn,
quires discovering, inferring, and maintaining the mapping at scale increases the accuracy and delity of code-to-SQL reconstruction.
without intrusive instrumentation or annotation, while remaining The outcome is a persistent, queryable code-to-SQL index that
explainable and versioned. The di culty lies not only in construct-  preserves bidirectional visibility between application code and emit-
ing these mappings once but in sustaining them under perpetual ted SQL. It supports forward lookup from code to expected SQL
change, a de ning property of large-scale development. and reverse lookup from observed SQL to likely source locations.

We present SQLens, a closed-loop, self-correction system that
employs LLMs to restore code-to-SQL visibility in large and contin-
uously evolving codebases. At a high level, SQLens is grounded
in a fundamental intuition: solving a problem is often far more
di cult than verifying a solution. While LLMs are capable of rea-

Engineering teams rely on this layer in continuous integration for
pull-request pre-review, in production for incident diagnosis and
root-cause analysis, and in long-term governance to track evolving
access patterns. Figure 1 shows SQLens integrated at three touch-
points within the IDE, in CI/CD pull-request views, and on DBA

soning about code semantics and processing large numbers of tasks,slow-log consoles exposing bidirectional code SQL context across
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