AutoSQL: Extracting SQL Templates from
Imperative ORM Code in Large-Scale Repositories

An LLM code agent that retrieves context structurally and by pattern search, and
reconstructs the SQL that only exists at runtime
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The statement is assembled at runtime, from scattered calls

Calls scattered
across the repository

TableName () Session object -Update()
models/user.go terminal cal
table l
sess.Cols(...) users default '

dao/update.go
__________________ y set UPDATE users_default
| setorelipekiiel) ' is_deleted, deleted_at SET  is_deleted = ?,
i reached by reflection ) deleted_at = ?

_________ — where WHERE tenant_id = ?
applyConditions() | | enant_id = -
. tenant_1id, owner_id AND owner_id = ?
dao/filter.go

this string exists
only at runtime

Every call mutates the session from a different file, and the statement materialises only at the terminal call. The lifecycle hook is reached only
by reflection, so no call edge records it.

The code Iindex: typed symbols, typed edges

What one node stores Edges carry their kind Queries are seeded backwards
id DeleteUser()
dao. (xUserRepo) .BatchDelete I PO f3 |+« f2 |+ fl .Get()
call
kind from every ORM terminal call, walk the call
function BatchDelete() edges backwards to depth D
location l use (type)
dao/user.go:118 Te@r > call
source struct type > use (type)
I,
the full signature and body wmplements — — — —» implements
o ] BeforeUpdate() N o
one global identity per symbol, so same-named | | ; : > Inherits
symbols in two packages stay distinct L CRGlesiEsees J

Hybrid context retrieval: the agent’s loop

~ Structural navigation check_node_details() \ SQL template synthesis

one chain-of-thought pass

> BatchDelete() — User e BeforeUpdate()

. . control-flow branch
each symbol resolves to its one declaration, so

LLM agent

\ User leads to exactly the struct that owns the hook J «++ WHERE tenant_id = ?
context loop A
it stops when the context graph cannot resolve the goal hit maps back to a node — | control-flow branch
converges, or at 90% of ) Y . ... WHERE owner_id = ?

Pattern search bash grep

the context window

'Tabl £ " , | fia/init 4> ORM hook, xorm tag
> | grep 'TablePrefix["user"] = —»| config/init.go: DELETE becomes UPDATE

the graph knows which functions touch TablePrefix,
but not which line writes the "user" key

Recall on 1,186 runtime-traced SQL statements

72.2%

one-shot context 51.4% recall, Claude Sonnet 4.5

static reachability 56.2% 93.4%

estimated precision

graph only, no shell 63.7%

+15.9 pp

AutoSQL (ours) 792 20/ over the static bound

5 Go repositories (Answer, Gitea, Go-Admin, Grafana, Harbor) = 1.43M LOC + 579 entry points < 1,186 runtime-traced statements




