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TLDR: $10 of LLM usage generates millions of reliable 

DBMS test cases and uncovers unknown logic bugs.   



DBMS Can Return Incorrect Results 

Downstream 
ApplicationBuggy DBMS

Detect such logic 
bugs in DBMS
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Existing DBMS Testing Methodologies

Before 2020

Manual Crafted Test Cases

Reference Engine

2020

Test Oracles
⇒ Pairs of equivalent queries

4



Example: Ternary Logic Partitioning
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Existing DBMS Testing Solutions

Before 2020

Manual Crafted Test Cases

Reference Engine

Test Oracles
⇒ Pairs of equivalent queries

2020 2020 – 2025

Researcher New Oracles

New BugsNew Papers

Limited Test Oracles Hand-made by Human Experts

Low Bug Coverage

6



Using LLM to Break the Endless Cycle

LLMQ1 Q2 ☰ Q1

DBMS

Inconsistent Results ⇒ Bugs 

C2: Hallucination ⇒ False Alarms 

C1: LLMs are slow and expensive

We needs about 100K test 
cases to detect one unique bugs 

in mature DBMS :0

Automated Oracles!
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Filtering true bug reports from a 
lot of false positives is crazy for 

developers



M1: Generating Test Oracles, Not Test Cases
Constrained Abstract Query (CAQ) can represent a set of SQL queries that can be 
instantiated from a query template. We use Equivalent CAQS to represent test oracles.
 1. Query Schema

2. Placeholders

3. Test Oracle: Q1 and Q2 
are semantically 
equivalent under all 
possible instantiations of 
their placeholders.
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M2: Using Verification to Avoid Inequivalent CAQs

SQL Equivalence Decider can 
conservatively prove the equivalence 
between a pair of SQL queries.
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Initial: Beam search Improved: DOG

M3: Diversity Oriented Test Oracle Generation

Goal: Guide LLMs to generate diverse test cases.

Method: Evolve from Top-k centroids with highest “diversity scores”.
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Measuring Diversity in Equivalent CAQs

ZSS Tree-Edit-Distance Algorithm

The greater the difference in execution 
paths between equivalent queries, the 
query is more likely to detect logic bugs 
in the DBMS (Ba et al. 2025).

LLMs are guided to generate 
semantically equivalent queries with 
highly different paths

Measure CAQ Diversity by the difference of two query plans
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M4: From Test Oracles to Scalable Test Cases
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E1: LLM-generated Test Cases Uncover Unknown Bugs

We implement our approach as Argus, an LLM-powered DBMS testing tool, and 
uncover 41 previously unknown bugs across five mature DBMSs using GPT o4-mini.
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E1: LLM-generated Test Cases Uncover Unknown Bugs
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E2: LLM-generated Test Cases Extend Test Coverages

More lines of source 
code covered! More branches of if-else 

control statements taken!
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E2: LLM-generated Test Cases Extend Test Coverages

Higher metamorphic coverage means 
we exercise more DBMS code paths 
under the same query semantics.
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E3: The Quantity of Test Oracles Matters

Baseline: 4 hand-made test oracles 
TLP  [OOPSLA 20], NoREC  [FSE 20],
EET  [OSDI 24], DQP  [SIGMOD 24]

Using git-bisect to deduplicate unique bugs.

More test oracles used, more unique 
bugs detected within the same time 
window.
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E4: LLM-powered DBMS Testing Is Both Efficient and Economical

After generating test oracles, we can 
instantiate test cases at scale with 
no additional LLM cost.
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Thanks!

LLMs don’t just write code; they can also serve as testers 

that uncover deep bugs in real-world systems.


