A Validation Study of Structure-Aware Temporal Graph RAG for Reliable Question

Answering over Korean Aviation Safety Regulations
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ABSTRACT

This study develops a controlled testbed for validating structure-aware and version-aware retrieval-augmented
generation over Korean aviation safety regulations applicable to flight crew of fixed-wing air transport
operators. Four systems are compared in a staircase design: Current Vector RAG, All-Version Naive RAG,
Temporal-Filtered Vector RAG, and SAT-Graph RAG. The completed pipeline covers source freezing, legal
structure parsing, temporal versioning, amendment linking, text-unit construction, chunk selection,
embedding, vector and graph databases, common retrieval, and a shared generation contract. The frozen raw
corpus contains 99 files. The structured database contains 239,509 components and 212,970 provision
versions. After a body-restoration correction, 61,239 text units were produced. A 20-question chunking pilot
selected the structural article-paragraph strategy (15,654 chunks; Recall@5=0.570; MRR@10=0.583;
Hit@10=0.800). System implementations A—C have completed development runs but remain under pre-freeze
review; System D requires a graph-empty fallback correction before comparison with System C. [After
TT33-TT40: insert the holdout results, confidence intervals, effect sizes, hypothesis decisions, and final
conclusion.]
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Controlled comparison of the four RAG systems

System A Current corpus Current-version baseline
System B All versions, no filter Version-mixing risk
System C B + as-of-date filter Net temporal effect: C — B
System D C seeds + SAT-Graph expansion Net structural effect: D — C
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