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Low-level, fast, panic-free NIF bindings to SQLite 3 for Elixir. Will never crash the BEAM VM. Powered by Rust with rusqlite and rustler. Bundled SQLite 3.53.2 -- no need to have SQLite already installed on your machine.
For Ecto 3.x integration see xqlite_ecto3, built on top of xqlite (work in progress).
Acknowledgements
Xqlite is inspired by exqlite, which was my starting point for understanding how a production-grade Elixir+SQLite binding is shaped. Xqlite exists as a separate library not to compete but because I needed more of SQLite's features in my personal projects and wanted to see if they are doable and practical to use f.ex. per-operation cancellation, structured constraint errors, session/changeset capture, incremental blob I/O, backup with progress, the session extension features, and more. If exqlite is working well for your needs today, it's a solid choice and you should continue using it.
Why Xqlite?
	Bundled SQLite. No need to have SQLite already installed on your machine. No version differences between dev, CI, and production. The precompiled NIFs cover macOS, Linux, Windows, including ARM and RISC-V.
	Per-operation cancellation. Any process can abort an in-progress query by sending cancel_operation/1 to a cancel token (that you create yourself beforehand) -- no need to hold the connection handle. Progress-handler-based, fine-grained, and mostly deterministic (fine-tuning it is really difficult and it's an ongoing work in finding the ideal tradeoff between raw speed and ability to cancel early).
	Structured errors with parsed details. Constraint violation error values contain the table, columns, index name, and constraint name as structured fields -- I tried very hard to avoid parsing textual errors with regexes and mostly succeeded.
	Bidirectional type extensions. Elixir<->SQLite type conversion: DateTime (offset-preserving), Date, Time, NaiveDateTime, JSON (maps/lists), UUID (compact 16-byte storage), Instant and Duration (int64 nanoseconds, encode-only), and Decimal (encode-only, optional dep) — all built in and usable on the query, execute, and stream paths. The Ecto layer's schema-driven counterparts live in xqlite_ecto3.
	Streaming. Stream.resource/3-based row iterator with optional type-extension decoding per-row.
	EXPLAIN ANALYZE with per-scan stats. Xqlite.explain_analyze/3 returns a structured report combining EXPLAIN QUERY PLAN, per-scan runtime counters from sqlite3_stmt_scanstatus_v2 (loops, rows visited, estimated rows, name, parent), statement-level counters from sqlite3_stmt_status, and wall-clock execution time.
	Sessions & changesets. Exposes SQLite's built-in session extension: capture changes to a set of tables, invert/concat changesets, apply to a replica with conflict strategies.
	Incremental blob I/O. Read and write multi-GB column values without loading them into memory.
	Online backup with progress and cancellation. Single-call backup API to a file path, progress messages to a PID, canceling respected even mid-backup.
	Structured schema introspection. PRAGMA table_list, table_xinfo, index_list, index_xinfo, foreign_key_list, and others are all converted and returned as struct-shaped data -- generated columns, STRICT/WITHOUT ROWID markers, collation per index column, FK match clauses all included. Column defaults arrive classified into typed Elixir values ({:literal, 42}, {:blob, ...}, {:current, :timestamp}, {:expr, "datetime('now')"}) instead of raw SQL text.
	68 typed PRAGMAs with validated get/set.
	Deep observability. Multi-subscriber hooks for every SQLite-visible lifecycle event (update / commit / rollback / WAL / progress ticks / busy retries / global log), transaction-state and per-connection counters, a structured wal_checkpoint wrapper -- plus opt-in, compile-time-eliminated :telemetry instrumentation across the whole API. I hate black boxes with a passion; this library lets you poke into the guts of your SQLite databases without introducing quantum uncertainty or cryptic crashes.

Installation
def deps do
  [
    {:xqlite, "~> 0.9"}
  ]
end
Precompiled NIF binaries are included for multiple targets -- no Rust toolchain needed. To force source compilation:
XQLITE_BUILD=true mix deps.compile xqlite

Quickstart
{:ok, conn} = Xqlite.open_in_memory()
{:ok, _} = XqliteNIF.execute(conn, "CREATE TABLE users (id INTEGER PRIMARY KEY, name TEXT)", [])
{:ok, 1} = XqliteNIF.execute(conn, "INSERT INTO users (name) VALUES (?1)", ["Alice"])
{:ok, result} = XqliteNIF.query(conn, "SELECT id, name FROM users", [])
# => %{columns: ["id", "name"], rows: [[1, "Alice"]], num_rows: 1}
:ok = XqliteNIF.close(conn)
Features
Two modules: Xqlite for high-level helpers, XqliteNIF for direct NIF access. See hexdocs for the full API.
	Queries & execution: query/4, query_cancellable/4, query_with_changes/3, execute/4, execute_batch/2 and cancellable variants; query/4 and execute/4 take optional :type_extensions
	Streaming: Xqlite.stream/4 (with optional :type_extensions) and the lower-level stream_open/fetch/close
	Transactions: :deferred/:immediate/:exclusive modes, savepoints with release and rollback-to
	Cancellation: per-operation, progress-handler-based, any process can cancel
	Schema introspection: schema_databases/1, schema_list_objects/2, schema_columns/2, schema_foreign_keys/2, schema_indexes/2, schema_index_columns/2, get_create_sql/2
	PRAGMAs: Xqlite.Pragma -- typed schema with validation for 68 PRAGMAs
	Type extensions: bidirectional encode/decode; DateTime, Date, Time, NaiveDateTime, JSON (plain maps/lists), UUID (canonical text to a compact 16-byte blob), and Decimal (encode-only, needs the optional :decimal dep) built-in
	Hooks (all multi-subscriber): update ({:xqlite_update, action, db, table, rowid}), commit, rollback, WAL ({:xqlite_wal, db_name, pages}), progress ticks with per-subscriber decimation, global SQLite log hook; single-slot busy retry policy (set_busy_policy/2) plus any number of busy observers receiving {:xqlite_busy, ...}
	Authorizer: single-slot deny-list via set_authorizer/2 / remove_authorizer/1 -- rejects chosen action kinds (:select, :delete, :pragma, :create_table, ...) at statement-prepare time; denials surface as {:authorization_denied, msg}
	Manual statement lifecycle: prepare/2, bind/2 (positional or named), step/1, multi_step/2, reset/1, clear_bindings/1, column_names/1, finalize/1 -- prepare once, rebind in a loop, consume partially; GC finalizes abandoned statements
	Telemetry (opt-in): compile-time-flagged :telemetry events for every operation (spans with nanosecond timings), cancellation lifecycle events, and a bridge that re-emits hook fan-outs as [:xqlite, :hook, :*] -- see the "Wiring xqlite telemetry" guide
	Serialize / deserialize: atomic in-memory snapshots to/from binary
	Extensions: opt-in load_extension/2 and load_extension/3
	Backup / restore: one-shot to/from file path; incremental with progress messages and cancellation
	Sessions: session extension -- changeset capture, apply with conflict strategies, invert, concat
	Blob I/O: blob_open/read/write/close for incremental access
	Diagnostics & connection state: compile_options/1, sqlite_version/0, connection_stats/1 (per-connection sqlite3_db_status counters), autocommit/1, txn_state/2, structured wal_checkpoint/3
	Result integration: Xqlite.Result implements Table.Reader (works with Explorer, Kino, VegaLite)

Errors are structured tuples: {:error, {:constraint_violation, :constraint_unique, %{table: ..., columns: [...], ...}}}, {:error, {:read_only_database, msg}}, etc. 30+ typed reason variants including all 13 SQLite constraint subtypes.
Focused examples
Streaming with automatic type decoding
alias Xqlite.TypeExtension

extensions = [TypeExtension.DateTime, TypeExtension.Date, TypeExtension.Time]
params = TypeExtension.encode_params([~U[2024-01-15 10:30:00Z], ~D[2024-06-15]], extensions)
{:ok, 1} = XqliteNIF.execute(conn, "INSERT INTO events (ts, day) VALUES (?1, ?2)", params)

Xqlite.stream(conn, "SELECT ts, day FROM events", [],
  type_extensions: [TypeExtension.DateTime, TypeExtension.Date])
|> Enum.to_list()
# => [%{"ts" => ~U[2024-01-15 10:30:00Z], "day" => ~D[2024-06-15]}]
Cancellation from another process
{:ok, token} = XqliteNIF.create_cancel_token()
task = Task.async(fn -> XqliteNIF.query_cancellable(conn, slow_sql, [], token) end)
:ok = XqliteNIF.cancel_operation(token)
{:error, :operation_cancelled} = Task.await(task)
Receive per-connection change notifications
{:ok, handle} = XqliteNIF.register_update_hook(conn, self())
{:ok, 1} = XqliteNIF.execute(conn, "INSERT INTO users (name) VALUES ('Bob')", [])
# => receive {:xqlite_update, :insert, "main", "users", 2}
:ok = XqliteNIF.unregister_update_hook(conn, handle)
Multiple subscribers can coexist on the same connection — each
registration returns a distinct handle, and unregistering one never
affects the others.
Transaction lifecycle hooks
{:ok, c_h} = XqliteNIF.register_commit_hook(conn, self())     # {:xqlite_commit} before each commit
{:ok, r_h} = XqliteNIF.register_rollback_hook(conn, self())   # {:xqlite_rollback} after each rollback
{:ok, w_h} = XqliteNIF.register_wal_hook(conn, self())        # {:xqlite_wal, db_name, pages} after WAL commits
# ...later, unregister specific subscribers by their handles:
:ok = XqliteNIF.unregister_commit_hook(conn, c_h)
All transaction-lifecycle hooks (commit, rollback, WAL) are
multi-subscriber — multiple processes can subscribe to the same
connection independently. The commit hook is observation-only and
never vetoes the commit. Combined with register_update_hook/2 and
register_busy_observer/2, the connection exposes every SQLite-visible
lifecycle event for telemetry without touching the SQL stream.
WAL subscribers coexist with automatic checkpointing: SQLite's
wal_hook slot and its built-in autocheckpoint are mutually exclusive
at the C level, so xqlite's master callback emulates the checkpoint
itself at the configured wal_autocheckpoint threshold. Set that
PRAGMA through set_pragma/3 (raw-SQL PRAGMA wal_autocheckpoint
bypasses the repair and silently steals the hook slot).
Busy contention -- a retry policy, plus any number of observers
:ok = Xqlite.set_busy_policy(conn, max_retries: 50, max_elapsed_ms: 5_000, sleep_ms: 10)
# decides retry vs give-up; surfaces SQLITE_BUSY once either ceiling is hit

{:ok, handle} = Xqlite.register_busy_observer(conn, self())
# every SQLITE_BUSY callback delivers: {:xqlite_busy, retries_so_far, elapsed_ms}
# observers are multi-subscriber and fire with or without a policy

:ok = Xqlite.unregister_busy_observer(conn, handle)
:ok = Xqlite.remove_busy_policy(conn)                      # observers keep firing
:ok = Xqlite.busy_timeout(conn, 1_000)                     # plain timeout instead
The policy is single-slot by design (a retry decision cannot compose);
observation is fan-out, and the telemetry bridge re-emits it as
[:xqlite, :hook, :busy].
Warning. PRAGMA busy_timeout / sqlite3_busy_timeout silently
replaces the whole callback at the SQLite C level: the policy stops
applying and every observer's {:xqlite_busy, …} stream goes quiet.
No memory is leaked (state is reclaimed on the next slot mutation or
connection close). Use Xqlite.busy_timeout/2 — it clears the policy
cleanly first, then installs the plain timeout.

Online backup with progress and cancellation
{:ok, token} = XqliteNIF.create_cancel_token()
:ok = XqliteNIF.backup_with_progress(conn, "main", "/path/to/backup.db", self(), 10, token)
# receive {:xqlite_backup_progress, remaining, pagecount} messages
# cancel from any process: XqliteNIF.cancel_operation(token)
Session extension -- capture, apply, invert
{:ok, session} = XqliteNIF.session_new(conn)
:ok = XqliteNIF.session_attach(session, nil)
{:ok, 1} = XqliteNIF.execute(conn, "INSERT INTO users VALUES (1, 'alice')", [])
{:ok, changeset} = XqliteNIF.session_changeset(session)
:ok = XqliteNIF.session_delete(session)

# Apply to a replica with conflict strategy (:omit, :replace, :abort)
:ok = XqliteNIF.changeset_apply(replica_conn, changeset, :replace)
Incremental blob I/O
{:ok, 1} = XqliteNIF.execute(conn, "INSERT INTO files VALUES (1, zeroblob(1048576))", [])
{:ok, blob} = XqliteNIF.blob_open(conn, "main", "files", "data", 1, false)
:ok = XqliteNIF.blob_write(blob, 0, chunk1)
:ok = XqliteNIF.blob_write(blob, byte_size(chunk1), chunk2)
{:ok, header} = XqliteNIF.blob_read(blob, 0, 64)
:ok = XqliteNIF.blob_close(blob)
Serialize / deserialize -- atomic in-memory snapshots
serialize/1 captures the entire live database as a single self-contained binary. That binary is byte-for-byte what the database's disk file would look like -- write it with File.write/2 and it is a valid SQLite file you can open from any other SQLite tool. deserialize/2 loads the binary back into a fresh connection where it behaves as a normal in-memory DB (read, write, indexes, everything).
Different from backup_with_progress/6, which streams page by page while the source is live, and from sessions, which capture changes since a point in time. Serialize is a one-shot atomic snapshot of the whole database into a BEAM binary, useful for shipping DB state between nodes/processes, cloning a DB without disk I/O, or handing off to a Task without worrying about file locks.
{:ok, binary} = Xqlite.serialize(conn)
{:ok, conn2} = Xqlite.open_in_memory()
:ok = Xqlite.deserialize(conn2, binary)
FAQ
Why Rust and not C?
For me the choice came down to not panicking and never bringing down the BEAM VM. Rust's exhaustive pattern matching on tagged unions (enums) means the compiler will not let me forget a case -- all 13 SQLite constraint subtypes, every error variant, and every storage class get a dedicated code branch. The code refuses to compile if one is missing. C gives me none of that, and I don't trust myself (or decades of accreted C and sqlite3_* idioms) to avoid footguns when every NULL check and every free is a decision I make by hand.
The cost is of course real: the stack is C -> libsqlite3-sys -> rusqlite -> rustler -> Elixir, and architecturally I don't like it. In practice, every benchmark I've run shows the overhead is anywhere from minuscule to invisible. In return I get a pure-Rust error list/taxonomy, ResourceArc + Mutex<Connection> + Drop as first-class citizens rather than convention-driven discipline (no resource leaks due to human forgetfulness), and the exhaustiveness guarantee mentioned above. The tradeoff has been worth it so far. I am very happy with the Rust code, even its ugly parts -- they are needed to get the job done and fulfill the promises that this library makes.
What SQLite version is bundled?
Currently: SQLite 3.53.2. The exact version is also available at runtime via XqliteNIF.sqlite_version/0.
Can I use Xqlite and exqlite in the same application?
Yes. They're separate Hex packages with separate NIFs and no shared runtime state. Projects could use Xqlite for one specific capability (e.g. session changesets for sync, or incremental blob I/O) while keeping exqlite for the main query path. There is no conflict at the BEAM level, though concurrent access remains an immutable SQLite limitation none of us can do anything about until SQLite gets fundamentally modified (which is extremely unlikely).
Is Xqlite production-ready?
I run it in my own projects (currently not as much as I'd like to). The test coverage is extensive and the test suite runs in an ad-hoc manner that was impossible to avoid due to SQLite's parallelization limitations. That said, it's still on a 0.X.Y release cadence. Semantic versioning is respected, but the public API may still change before 1.0. Please report anything surprising or unpleasant (or bugs, or high memory usage) -- I am open to discussion, and I am responsive on ElixirForum.
What's the concurrency / parallelization story?
SQLite permits a single writer at a time per database file. I use the WAL mode by default to make sure readers remain fully parallel and writers are limited to one at a time, but that can only take you so far. Xqlite serializes access to each connection via a Rust Mutex; concurrent writers across different connections to the same file fall back on SQLite's own WAL mode and busy-timeout logic. For a connection pool with parallel readers plus a serialised writer, use xqlite_ecto3 (or DBConnection directly, or your own pooling solution). For anything requiring true multi-master replication, tools like Litestream and LiteFS live outside of SQLite itself.
Does Xqlite support telemetry / OpenTelemetry?
Yes — structured [:xqlite, ...] events via the standard :telemetry Erlang package, covering every operation (spans with nanosecond timings), the cancellation lifecycle, and an opt-in bridge that re-emits hook fan-outs as telemetry. It is compile-time opt-in: with the flag off (the default) no telemetry call exists in the bytecode, so users who want nothing pay nothing. There is no direct OpenTelemetry dependency — users who want OTel spans wire the opentelemetry_telemetry bridge in their own application; users who only want Prometheus metrics use :telemetry_metrics. For OTel specifically, Xqlite.Telemetry.OpenTelemetry ships a pure, dependency-free mapping from xqlite's events to the stable database semantic-convention attributes (db.system.name, db.query.text, ...) so your handler emits spec-correct span attributes without guesswork. See the "Wiring xqlite telemetry" guide on hexdocs.
Thread safety
Each rusqlite::Connection is wrapped in Arc<Mutex<_>> via Rustler's ResourceArc. One Elixir process accesses a given connection at a time. Connection pooling belongs in higher layers (DBConnection / Ecto adapter). You can easily open many connections to the same DB and use them all in parallel -- your only limitation then is SQLite's WAL and internal mechanics that prevent fully parallel access.
SQLite is opened with SQLITE_OPEN_NO_MUTEX (rusqlite's default) -- serialization lives in the Rust Mutex, not SQLite's internal one.
Known limitations
Xqlite-specific:
	Generated column default_value in schema_columns/2 is nil. Use get_create_sql/2 to recover the expression.
	User-Defined Functions -- not planned due to implementation complexity across NIF boundaries. Might reconsider when the library matures enough, but it's one of the lowest priorities for me as a maintainer.

Architectural limits SQLite imposes (not Xqlite choices):
	Single writer per database file -- WAL relaxes this for readers, not writers
	No network / remote access -- SQLite is embedded by design; libSQL / rqlite / Turso bolt a server on if needed
	No built-in replication -- Litestream and LiteFS are the common external-tool solutions (disk-to-S3 streaming and FUSE-based sync, respectively)
	No row-level locking -- there is no SELECT ... FOR UPDATE
	No user / role / GRANT system -- file permissions are the only access gate
	No schemas or namespaces -- ATTACH DATABASE is a potential workaround, but IMO it would be a fairly leaky and ugly abstraction, so I'm nearly certain I'll never go for it.
	Foreign key constraint errors don't carry the FK name -- SQLite reports SQLITE_CONSTRAINT_FOREIGNKEY without enough detail to map back to a specific constraint
	last_insert_rowid returns nothing useful for WITHOUT ROWID tables -- those tables have no rowid by definition, so the underlying SQLite C function has nothing to report. Use INSERT ... RETURNING (SQLite >= 3.35.0) to get autogenerated primary-key values for such tables.
	Storage types are 5 classes (NULL, INTEGER, REAL, TEXT, BLOB) -- no native TIMESTAMPTZ, UUID, interval/duration, decimal, array, JSON, or ENUM. Xqlite's type extensions layer provides encode/decode affordances for some of these

Design notes
Cancellation over sqlite3_interrupt
Xqlite cancels operations via SQLite's progress handler, checked every 8 VM instructions, rather than via sqlite3_interrupt(). The interrupt API is fire-and-forget, per-connection, and is known to let slow operations continue running after being asked to stop. The progress-handler approach is per-operation, fine-grained, and any process can cancel without holding the connection handle -- which maps well onto DBConnection's timeout model and, by extension, to most Ecto-using apps.
Rust Mutex vs SQLite's NO_MUTEX
Rusqlite opens connections with SQLITE_OPEN_NO_MUTEX (disabling SQLite's own mutex). The Rust-side Mutex<Connection> is still required because rusqlite::Connection is !Sync. The two are complementary: NO_MUTEX is safe because the Rust Mutex serializes access. Removing the Rust mutex would mean re-enabling SQLite's internal one at the rusqlite level, which isn't a knob rusqlite currently exposes.
Backup API: single call, not resource handle
Xqlite provides two backup interfaces: one-shot (backup/2, restore/2) and incremental with progress (backup_with_progress/6).
The incremental variant runs the entire backup inside a single NIF call on a dirty I/O scheduler, sending {:xqlite_backup_progress, remaining, pagecount} messages after each step. A cancel token -- the same one used for query_cancellable/4 -- allows another process to abort the backup at any time.
I chose this single-call design over exposing a step-by-step Backup resource handle because:
	Two pool connections at once is practically begging for a deadlock or confusing pool timeout errors. SQLite's incremental backup API needs the source and destination connections open at the same time. If both come from the same Ecto pool -- and they almost always do in a backup scenario -- the second checkout can block waiting for a slot the first one still holds. Taking a file path as the destination sidesteps the potential deadlock: the backup owns its own connection internally, no pool coordination required.
	No manual management of interim handles and no babysitting of the library's implementation details. A step-by-step API would force users to explicitly close the backup handle. Forgotten handles leak resources; the single-call API creates, runs, and cleans up in a single function call.
	Cancellation and progress are covered for you. The cancel token plus progress messages give callers everything that SQLite supports for surfacing UI feedback and/or enforcing timeouts.

If people actually start asking for a step-by-step backup handle, I'll engage with them and likely add one.
Affected row counts (changes/1)
query/3 returns %{columns, rows, num_rows} where num_rows is the count of result rows -- not SQLite's sqlite3_changes(). For SELECT these are the same. For DML (INSERT/UPDATE/DELETE without RETURNING), query/3 returns num_rows: 0 because there are no result rows, even though rows were affected.
To get the actual affected row count after DML, call changes/1 immediately after the statement -- or use query_with_changes/3 which captures the count atomically.
Important SQLite behavior: sqlite3_changes() is sticky -- per the official docs, "executing any other type of SQL statement does not modify the value returned by these functions." This means changes/1 after a SELECT returns the previous DML's count, not 0. It never resets on its own.
query_with_changes/3 solves this by reading sqlite3_changes() inside the same Mutex hold as the query execution and returning 0 for non-DML statements (detected by empty result columns). This is the recommended function for callers who need reliable affected row counts -- including the xqlite_ecto3 adapter.
Roadmap
Planned for Xqlite core, in priority order:
	SQLCipher support (optional) — for encrypted-at-rest use cases.

Lower priority (though UDFs remain the lowest priority for now):
	Deeper SpatiaLite support beyond the shipped guide — a bundling story and geometry type extensions, if users ask for them

Then: xqlite_ecto3 — full Ecto 3.x adapter with DBConnection, migrations, associations, streaming, and the same structured-error surface.
Contributing
Contributions are welcome. Please open issues or submit pull requests.
License
MIT -- see LICENSE.md.


  

    Changelog

All notable changes to this project are documented in this file.
The format is based on Keep a Changelog,
and this project adheres to Semantic Versioning.
[Unreleased]
0.10.0 - 2026-07-20
This release fixes several memory-safety and crash defects present in
0.9.0, and refines the error and streaming contracts. The error-tuple,
streaming, and NUL-handling changes are breaking — see Changed.
Security
	Memory-safety fixes in resource teardown. Several defects that
could crash or corrupt the BEAM were fixed: a use-after-move when an
incremental-blob resource was dropped, plus use-after-free, leak, and
panic residuals in the blob, session, and log-hook paths. Raw FFI
callbacks (progress, WAL, busy) are now guarded so a panic can never
unwind across the C boundary. Surfaced by an adversarial safety
review of the code shipped in 0.9.0.

	Xqlite.stream/4 could abort the VM on a huge batch_size. A
validly-typed but pathological batch_size (e.g. 10^13) triggered
an eager multi-terabyte allocation that aborted the OS process before
any row was read. The accumulator now grows on demand.


Added
	Security guide documenting the threat model, the per-connection
thread-safety model, and safe extension loading.
	Gotchas guide collecting user-facing footguns (sticky
changes/1, single-writer behavior, busy-policy anchoring, memory
and binaries, one-connection-per-process, and more).

Changed
	BREAKING: error tuples now carry the SQLite extended result code.
:database_busy_or_locked, :read_only_database, :schema_changed,
and :authorization_denied are now the 3-tuple
{tag, extended_code, message} (previously {tag, message}), so
callers can tell e.g. SQLITE_BUSY from SQLITE_LOCKED. Other
message-classified errors are unchanged.
	BREAKING: {:utf8_error, message} is now
{:utf8_error, column, message}, carrying the byte column of the
first invalid sequence.
	BREAKING: Xqlite.stream/4 no longer silently truncates on a
mid-fetch error. A new :on_error option chooses how a mid-stream
failure (e.g. an invalid-UTF-8 TEXT value) is surfaced, and the
stream's element shape follows the mode: :raise (the new default)
raises Xqlite.StreamError carrying the structured reason; :halt
keeps the previous stop-and-log behavior, now opt-in and documented
as lossy; :emit_error yields a uniformly tagged stream of
{:ok, row} elements followed by a terminal {:error, reason}. The
old default silently dropped the remaining rows with no signal to the
consumer, so a truncated read could not be told apart from a
completed one.
	BREAKING: interior NUL bytes in SQL text are rejected. SQL passed
to query, execute, and execute_batch containing an interior NUL
now returns {:error, :null_byte_in_string} instead of being
silently truncated at the NUL by SQLite's tokenizer. NUL bytes in
bound parameter values still round-trip unchanged.

Fixed
	Non-finite floats no longer raise when read. A stored or
computed ±Inf REAL now reads back as the sentinel atom
:positive_infinity / :negative_infinity — and a NaN, which
SQLite already stores as NULL, as nil — on every read path
(query, stream, prepared step). Previously rustler's f64
encoder posted a return-time ArgumentError, breaking the
{:ok, _} / {:error, _} contract; the row-value encoders now
guard finiteness the way the schema layer already did.

	query_with_changes/3 reports the correct affected-row count. It
now returns the true count for INSERT/UPDATE/DELETE ... RETURNING
statements (previously 0) and no longer leaks a stale prior-DML
count after a DDL or PRAGMA statement.

	backup_with_progress/6 no longer loops forever when given a
non-positive pages_per_step; it returns
{:error, {:invalid_pages_per_step, n}}.

	changeset_apply/3 with :replace no longer fails with
SQLITE_MISUSE on conflict types SQLite forbids replacing
(NOTFOUND, CONSTRAINT, FOREIGN_KEY); the apply aborts cleanly.

	Hexdocs stability and navigation. Xqlite.Telemetry's macro
docs no longer depend on which compile-time telemetry flag was
active when the docs were built (the disabled branch carried
@doc false), and the docs sidebar now groups the previously
ungrouped flagship modules: the type-extension family, the
telemetry trio, Xqlite.Result, and Xqlite.ExplainAnalyze.


Performance
	Small blob values from query use a process-heap binary instead
of an off-heap reference-counted binary, cutting per-value overhead
for reads of many small blobs. Large blobs keep the zero-copy
reference-counted backing.

	Slow session, blob, and changeset NIFs run on dirty schedulers,
so serializing or copying a large changeset or blob no longer
occupies a normal BEAM scheduler.


0.9.0 - 2026-07-17
Breaking
	The busy handler is split into policy and observers.
set_busy_handler/3 (pid + options) is gone; the retry decision
and the observation are now independent halves of one busy slot:
Xqlite.set_busy_policy/2 / remove_busy_policy/1 own the
single-slot retry policy (a policy cannot compose), and any number
of Xqlite.register_busy_observer/2 subscribers receive
{:xqlite_busy, retries, elapsed_ms} per contention callback —
with or without a policy installed. remove_busy_handler/1 is
replaced by remove_busy_policy/1 (observers survive it);
busy_timeout/2 now clears the policy and documents that the raw
PRAGMA also silences observers.

Added
	Every raw introspection NIF now has an Xqlite wrapper. The
ergonomic surface gains transaction-state readers
(transaction_status/1, autocommit/1, txn_state/2), counters
(last_insert_rowid/1, changes/1, total_changes/1,
connection_stats/1), build info (compile_options/1,
sqlite_version/0), and the schema family (schema_databases/1,
schema_list_objects/2, schema_columns/2,
schema_foreign_keys/2, schema_indexes/2,
schema_index_columns/2, get_create_sql/2) — all thin,
telemetry-free delegations. Hooks, sessions, and blob I/O remain
deliberately raw XqliteNIF APIs.

	Xqlite.Telemetry.OpenTelemetry. A pure, dependency-free
mapping from xqlite's telemetry events to OpenTelemetry's stable
database semantic-convention attributes (db.system.name,
db.query.text, db.operation.name, db.namespace,
error.type) plus a span_name/2 suggestion — the vocabulary
database-aware observability backends key off. Every mapped name
is cited to its spec page in the module docs.

	Two new hexdocs guides. "Full-text search with FTS5" (virtual
tables, external-content triggers, bm25 ranking,
highlight/snippet, adapter usage) and the doc-first "Spatial data
with SpatiaLite" (per-platform install, gated extension loading,
geometry columns, spatial index pattern, honest caveats).

	Busy observation joins the telemetry bridge.
Xqlite.Telemetry.bridge/2 accepts :busy (included in the
default :all), re-emitting contention deliveries as
[:xqlite, :hook, :busy] with retries and nanosecond elapsed
measurements.

	Xqlite.close/1 and Xqlite.db_path/1. Connection close gets
its ergonomic wrapper (idempotent — :ok even when already
closed) and finally emits the [:xqlite, :close, :start | :stop]
telemetry span the telemetry docs have promised since 0.7.0.
db_path/1 returns the main database's file path ({:ok, nil}
for in-memory and temporary databases), with a matching raw
XqliteNIF.db_path/1 stub.

	Xqlite.open_readonly/1 and Xqlite.open_temporary/0. The
last two raw-only opens get their ergonomic wrappers, emitting the
[:xqlite, :open] span with modes :readonly / :temp.


Fixed
	Connection open spans actually fire. The telemetry docs have
promised [:xqlite, :open, :start | :stop] since 0.7.0, but no
open wrapper ever emitted them. Xqlite.open/2,
open_in_memory/1, and open_in_memory_readonly/1 now emit the
span with the documented %{path, mode, result_class, error_reason} metadata.

0.8.0 - 2026-07-14
Added
	Manual statement lifecycle. Xqlite.prepare/2, bind/2
(positional list or keyword-named), step/1 ({:row, values} /
:done), multi_step/2 ({:ok, %{rows: rows, done: bool}}),
reset/1 (bindings preserved), clear_bindings/1,
column_names/1, finalize/1 (idempotent) — plus the raw
XqliteNIF.stmt_* stubs. Prepare once and rebind in a loop to skip
re-parsing; consume partially without LIMIT rewrites. Exactly one
statement per prepare: empty SQL and trailing statements are
structured errors, never silently dropped. Positional bind
validates the parameter count
({:invalid_parameter_count, %{provided: _, expected: _}}); using
a finalized statement returns {:error, :statement_finalized}.
Abandoned statements are finalized by garbage collection; finalize
before closing the owning connection. Plain steps are not
cancellable; multi_step_cancellable/3 provides token-based
cancellable batch stepping over the connection's progress handler
(single token or OR-semantics list, like query_cancellable/4).
No telemetry on statement operations (documented).

	Deny-list authorizer. Xqlite.set_authorizer/2 and
remove_authorizer/1 (plus the raw XqliteNIF stubs) install a
single-slot authorizer that rejects a chosen set of SQLite action
kinds at statement-preparation time. Denied statements fail with
{:error, {:authorization_denied, message}}; an unrecognized action
atom returns {:error, {:invalid_authorizer_action, atom}} and
installs nothing (the list is validated atomically). v1 is
action-kind granularity only (no table/column filtering) and
deny-only (no IGNORE). Denying :pragma also turns off
get_pragma/set_pragma.

	:type_extensions on Xqlite.query/4 and execute/4.
Previously stream-only: the option now also encodes parameters and
decodes result rows on the one-shot query/execute paths (same
first-match chain semantics as stream/4; arity-3 calls are
unchanged).

	Instant and Duration type extensions. Encode-only mirrors
of the Ecto-layer types: DateTime → int64 epoch nanoseconds
(Instant — the integer alternative to the ISO-text DateTime
extension; pick one per chain) and exact-unit Duration → int64
nanosecond spans (calendar units skip; Elixir 1.17+ gated like
Decimal). No decode on either — a stored nanosecond count is
indistinguishable from any other integer. Timezone-aware datetimes
and arrays need no new modules: the DateTime extension already
round-trips offsets and JSON already handles lists. This
completes the core-layer type mirroring.

	Three more built-in type extensions.
Xqlite.TypeExtension.JSON (plain maps/lists ↔ JSON text via
Jason; structs and unencodable terms skip), .UUID (canonical
hyphenated text ↔ the compact 16-byte value it encodes; decode is a
16-byte heuristic that cannot tell a BLOB from a same-length TEXT),
and .Decimal (encode-only, Decimal → exact TEXT). Decimal
introduces xqlite's first optional dependency — a deliberate policy
change: the module compiles only when :decimal is installed, so the
core package stays dependency-light. Geo/spatial types remain out of
scope for core.


Breaking
	ColumnInfo.default_value is now classified, not raw text.
Previously the verbatim dflt_value string from
PRAGMA table_xinfo (or nil); now a typed classification:
:none (no default — distinct from explicit DEFAULT NULL),
{:literal, nil | boolean | integer | float | String.t()} (with
SQLite's '' string escaping undone, hex integers as 64-bit
two's complement, TRUE/FALSE as booleans),
{:blob, binary} (x'...' hex-decoded, may be any bytes),
{:current, :time | :date | :timestamp}, or {:expr, sql}
verbatim for everything else (SQLite strips expression defaults'
outer parentheses; nothing is constant-folded; integer-shaped
values beyond 64 bits and non-finite floats land here).
Parsing happens in Rust at the NIF boundary. Date/time-looking
strings remain strings — no type divination at the schema layer.

	mix precommit is now mix verify. Same checks, same
fast-to-slow order, new name. The task module ships in the
package, so the old task name is gone.


Fixed
	Raw statement/stream binding accepts text with interior NUL
bytes. The shared FFI binder built a CString for TEXT values
and rejected legitimate NUL-containing payloads with
:null_byte_in_string; it now binds pointer+length, matching the
one-shot query path (SQLite stores such TEXT fine).

	Statement column metadata is read live, not snapshotted.
SELECT * through a prepared statement now re-expands after a
schema change (SQLite's v2 auto-reprepare); previously the row
width and column_names were frozen at prepare time. Finalized
statements still answer column_names from the prepare-time
snapshot.

	Finalizing after a failed step no longer reports a phantom
error. sqlite3_finalize echoes the statement's most recent
evaluation error (e.g. SQLITE_INTERRUPT after a cancelled step)
even though the statement is destroyed regardless; stream_close/1
and Xqlite.finalize/1 treated that echo as a cleanup failure.
Cleanup now always succeeds — the evaluation error was already
surfaced at step/fetch time.


Changed
	Upgraded rusqlite 0.39 → 0.40.1 (bundled SQLite 3.51.3 → 3.53.2)
and rustler 0.37 → 0.38. No API changes on the xqlite surface.

0.7.0 - 2026-06-12
Breaking
	Fan-out hooks renamed and made multi-subscriber. Every hook that
fans out events to a subscriber pid (update, wal, commit, rollback,
log) now uses the register_X_hook / unregister_X_hook(handle)
verbs and returns an opaque integer handle. Multiple subscribers can
coexist independently on the same connection (or globally for
log_hook); each registration is independent. Migrations:	set_update_hook(conn, pid) (returned :ok) →
register_update_hook(conn, pid) (returns {:ok, handle})
	remove_update_hook(conn) →
unregister_update_hook(conn, handle) (idempotent on unknown
handles)
	Same shape for: wal_hook, commit_hook, rollback_hook,
log_hook (the latter is register_log_hook(pid) /
unregister_log_hook(handle) since it's global).
	busy_handler keeps the set_busy_handler / remove_busy_handler
verbs because its callback returns a policy decision and
multi-subscriber composition has no clean rule. A future
register_busy_observer/1 will offer fan-out observation
alongside the single policy slot
(see project_busy_handler_observer_split design notes).


	Cancellable NIFs now take a list of tokens instead of a single
token. XqliteNIF.query_cancellable/4,
query_with_changes_cancellable/4, execute_cancellable/4,
execute_batch_cancellable/3, and backup_with_progress/6 now expect
the trailing argument to be [reference()] (possibly empty) rather
than reference(). OR-semantics: any signalled token cancels the
operation. Single-token callers wrap as [token]. The new
Xqlite.query_cancellable/4 (and friends) plus
Xqlite.backup_with_progress/6 accept either a single token or a list
and normalise via List.wrap/1.
	XqliteNIF is now the raw NIF boundary only. Every function in
XqliteNIF is a bare NIF stub; all ergonomic wrappers moved to the
user-facing Xqlite module. Migrations:	XqliteNIF.open_in_memory/0 → Xqlite.open_in_memory/0
(or XqliteNIF.open_in_memory(":memory:") to stay at the NIF layer)
	XqliteNIF.open_in_memory_readonly/0 → Xqlite.open_in_memory_readonly/0
	XqliteNIF.serialize/1 → Xqlite.serialize/1
	XqliteNIF.deserialize/2 → Xqlite.deserialize/2
	XqliteNIF.load_extension/2 → Xqlite.load_extension/2
	XqliteNIF.backup/2 → Xqlite.backup/2
	XqliteNIF.restore/2 → Xqlite.restore/2
	XqliteNIF.set_busy_handler/3 (keyword-opts form) →
Xqlite.set_busy_handler/3; the raw NIF stays as
XqliteNIF.set_busy_handler/5



Added
	Opt-in :telemetry instrumentation across the whole API surface.
Compile-time flag (config :xqlite, :telemetry_enabled, true +
recompile); when disabled (the default) no telemetry call exists in
the bytecode at all. Span events (:start/:stop with integer-
nanosecond monotonic_time/duration) for query / execute /
execute_batch / explain_analyze and their cancellable variants,
transactions and savepoints, streams (open / per-batch fetch /
close), backup, wal_checkpoint, serialize / deserialize, extension
loading, and pragma get/set. Cancellation lifecycle events:
[:xqlite, :cancel, :token_created | :signalled | :honored].
	Xqlite.Telemetry.bridge/2 + bridge_log/1 — forward the
multi-subscriber hook fan-outs (update / wal / commit / rollback /
progress, plus the global log hook) as [:xqlite, :hook, :*]
telemetry events. New "Wiring xqlite telemetry" ExDoc guide covers
conventions, the full event surface, and sample handlers.
	Connection observability NIFs — Xqlite.wal_checkpoint/3
(:passive / :full / :restart / :truncate, returns structured
busy / log-pages / checkpointed-pages), XqliteNIF.connection_stats/1,
XqliteNIF.autocommit/1, and XqliteNIF.txn_state/2.
	Xqlite.busy_timeout/2 — sets a plain sqlite3_busy_timeout while
cleanly reclaiming any xqlite-installed busy handler first. Prefer this
over PRAGMA busy_timeout, which silently replaces the busy handler at
the SQLite C level and stops {:xqlite_busy, …} delivery without
removing our internal slot.
	Busy-handler PRAGMA-replacement warning front-and-center in the module
docs and README.
	WAL hook: XqliteNIF.register_wal_hook/2 +
unregister_wal_hook/2. Sends {:xqlite_wal, db_name, pages} to
each subscriber after each commit in WAL mode. Coexists with
automatic checkpointing (see the slot-conflict fix below); only
raw-SQL PRAGMA wal_autocheckpoint still steals the hook slot.
	Commit hook: XqliteNIF.register_commit_hook/2 +
unregister_commit_hook/2. Sends {:xqlite_commit} to each
subscriber immediately before each commit. Observation-only — never
vetoes the commit.
	Rollback hook: XqliteNIF.register_rollback_hook/2 +
unregister_rollback_hook/2. Sends {:xqlite_rollback} to each
subscriber after each rollback.
	Progress hook (multi-subscriber):
XqliteNIF.register_progress_hook/4 +
XqliteNIF.unregister_progress_hook/2 plus
Xqlite.register_progress_hook/3 /
Xqlite.unregister_progress_hook/2. Multiple processes can subscribe
independently to the same connection; each receives
{:xqlite_progress, count, elapsed_ms} (or
{:xqlite_progress, tag, count, elapsed_ms} if a tag is supplied),
decimated by the per-subscriber every_n knob. Coexists with
cancellation on the single SQLite progress-handler slot — cancel
signals interrupt before tick emission.
	Multi-token cancellation: cancellable NIFs and
backup_with_progress accept a list of tokens; any signal cancels
(OR-semantics). The high-level Xqlite.query_cancellable/4 family
accepts either a single token or a list.

Fixed
	WAL hook ↔ wal_autocheckpoint slot conflict. SQLite implements
automatic checkpointing as a wal_hook, so the two share one C-level
slot and silently disable each other. Both directions affected the
in-development hook work: Xqlite.open/2's default
wal_autocheckpoint pragma evicted the master WAL callback (no
subscriber ever received events), and on raw XqliteNIF.open
connections the master callback itself disabled autocheckpointing
(unbounded WAL growth). The master callback now owns the slot and
emulates the autocheckpoint — a passive checkpoint once the WAL
reaches the configured threshold (default 1000 pages, mirroring
SQLite) — and the set_pragma NIF re-installs the master callback
and syncs the threshold whenever wal_autocheckpoint is set.
Remaining caveat (documented): issuing PRAGMA wal_autocheckpoint
through raw SQL (query, execute, execute_batch) bypasses the
repair and still steals the slot.

Internal
	New progress_dispatch Rust module multiplexes the single SQLite
sqlite3_progress_handler slot between cancellation checkers (per
cancellable-query lifetime) and tick subscribers (per-conn lifetime),
via two HookList<T>s. The C callback is registered eagerly at
connection open and stays for the lifetime of the connection;
subscriber install/uninstall is lock-free atomic-swap-and-reclaim.
	New HookList<T> primitive in hook_util: lock-free copy-on-write
list of subscribers. Reads (in callbacks) are wait-free atomic loads;
writes (under the conn Mutex) clone the Vec, mutate the clone, and
atomic-swap. Vec is the proof-of-concept choice; ring buffer / lock-
free structures are tracked as a benchmark-gated future optimisation.
	cancel.rs::ProgressHandlerGuard no longer touches FFI — it pushes
one CancelSubscriber per token onto the dispatch and unregisters
them on drop. Holds the owning Arc<AtomicBool> for each subscriber
so the raw pointer stays valid for the registration's lifetime.
	Shared hook_util Rust module deduplicates term-construction
(make_atom / make_binary) and atomic-slot lifecycle
(install_hook / uninstall_hook / drop_hook) across the FFI-based
hooks (busy_handler, wal_hook) and the rusqlite-closure hooks
(update_hook, commit_hook, rollback_hook).

0.6.0 - 2026-04-19
Breaking
	Constraint errors are now structured. :cannot_fetch_row has been
removed as an outcome; constraint-violating statements now raise
{:constraint_violation, subtype, details} with subtype as one of
13 typed atoms (:constraint_unique, :constraint_foreign_key,
:constraint_check, :constraint_not_null, :constraint_primary_key,
:constraint_trigger, :constraint_commit_hook,
:constraint_function, :constraint_rowid, :constraint_pinned,
:constraint_datatype, :constraint_vtab, and the generic
:constraint_violation fallback) and details carrying structured
table, columns, index_name, constraint_name fields where
applicable. Regex matching on error message strings is no longer
needed. Callers catching {:error, {:cannot_fetch_row, _}} must
update to match the new structured form.

Added
	Xqlite.explain_analyze/3 — structured execution report combining
EXPLAIN QUERY PLAN, per-scan runtime counters from
sqlite3_stmt_scanstatus_v2 (loops, rows visited, estimated rows,
name, parent, selectid), statement-level counters from
sqlite3_stmt_status (vm_step, sort, fullscan_step, memused, etc.),
and wall-clock execution time. SQLite's closest analog to PostgreSQL's
EXPLAIN (ANALYZE).
	Xqlite.open/2 and Xqlite.open_in_memory/1 — high-level open
functions with validated options. Options are type-checked at the
boundary and produce structured errors on misuse.
	Xqlite.enable_strict_table/2 — converts an existing table to
STRICT mode via the canonical SQLite rewrite dance.
	Xqlite.check_strict_violations/2 — pre-scans a table for rows
that would fail STRICT-mode type enforcement, so callers can fix
data before flipping the switch.
	Structured STRICT datatype violations. When a STRICT table
rejects a write, the error carries source_type and target_type
atoms (:integer, :real, :text, :blob, :null) so callers
can reason about the mismatch without parsing messages.
	Structured invalid-option errors from the option-validation
layer; no regex on error text.

0.5.2 - 2026-03-16
Added
	XqliteNIF.query_with_changes/3 and query_with_changes_cancellable/4
— return rows plus the sqlite3_changes() count in one atomic call,
captured inside the connection Mutex so the count cannot be stolen by
an intervening statement. Zero for non-DML results (detected by empty
column list).
	Xqlite.query/3 high-level wrapper that returns an
%Xqlite.Result{} with a populated changes field.
	Xqlite.Result gained a changes field.

0.5.1 - 2026-03-16
Added
	XqliteNIF.changes/1 — returns the row count affected by the most
recent DML (wraps sqlite3_changes()).
	XqliteNIF.total_changes/1 — cumulative row count across the
connection's lifetime (wraps sqlite3_total_changes()).

0.5.0 - 2026-03-16
Major feature release. Substantial surface added; several subtle
behavioral changes worth noting on upgrade.
Added
	Online backup API. XqliteNIF.backup/2 + restore/2 (one-shot),
plus backup_with_progress/6 (page-by-page with progress messages to
a PID, cancel-token support).
	Session extension. session_new, session_attach, session_changeset,
session_delete, changeset_invert, changeset_concat,
changeset_apply with conflict strategies (:omit, :replace,
:abort).
	Incremental blob I/O. blob_open, blob_read, blob_write,
blob_close. Read and write multi-GB column values without loading
them into memory.
	Extension loading. enable_load_extension/2 and
load_extension/2,3. Opt-in; disabled by default.
	Serialize / deserialize. serialize/1 captures the entire live
database as a single binary byte-for-byte identical to its on-disk
form; deserialize/2 loads it back.
	Log hook and update hook via raw enif_send. Per-connection
update notifications as {:xqlite_update, action, db, table, rowid};
global log hook as {:xqlite_log, code, message}.
	Type extension behaviour. Xqlite.TypeExtension for bidirectional
Elixir↔SQLite conversion. Built-ins shipped for DateTime, Date,
Time, NaiveDateTime.
	Xqlite.Result struct implementing the Table.Reader protocol —
consumable directly by Explorer, Kino, VegaLite.
	XqliteNIF.transaction_status/1 — structured query of the
current connection's transaction state.
	Read-only opens. open_readonly/1 and open_in_memory_readonly/1.
	Transaction modes. deferred, immediate, exclusive.
	Schema-prefixed PRAGMAs. :db_name option for PRAGMAs that accept
a database name parameter.

Changed
	PRAGMA schema reworked from a keyword list to Xqlite.PragmaSpec
structs. Public shape change for anyone introspecting PRAGMA
metadata.
	PRAGMA SET now returns the echoed value instead of discarding it,
matching the {:ok, echoed_value} shape of the rest of the API.
	XqliteNIF.close/1 eagerly releases the underlying SQLite
connection rather than waiting for Elixir GC.
	rusqlite upgraded 0.38 → 0.39. UTF-8 errors now carry the column
index of the offending value.

Fixed
	Stream finalization data race where sqlite3_finalize could run
without the connection Mutex held — a BEAM-segfault-class bug.
	stream_fetch now holds the Mutex for the entire fetch loop (was
dropping it between steps).
	TOCTOU race in the with_conn closed-flag check.
	Atom-table exhaustion protection: user input no longer becomes atoms
unconditionally.
	SQL length overflow guard in stream_open.
	Integer-truncation guard for FFI bind calls.
	Identifier quoting: single quotes → double quotes for SQLite spec
compliance.
	PRAGMA name validation against SQL injection (reject non-identifier
PRAGMA names).
	PRAGMA validation catch-all for unknown names and corrected numeric
ranges.
	Interruption detection, cancel ordering, and error-code mapping.

0.4.1 - 2026-03-13
Fixed
	Documentation, README, CI badge, and stale version references
reconciled across the project.

0.4.0 - 2026-03-13
Promotes v0.4.0-rc.1 to stable. No additional changes since rc.1.
0.4.0-rc.1 - 2026-03-13
Added
	Precompiled NIFs via rustler_precompiled. No Rust toolchain is
required to install from Hex. 8 targets covered:
aarch64-apple-darwin, x86_64-apple-darwin,
aarch64-unknown-linux-gnu, x86_64-unknown-linux-gnu,
aarch64-unknown-linux-musl, x86_64-unknown-linux-musl,
riscv64gc-unknown-linux-gnu, x86_64-pc-windows-msvc.

Changed
	Rust edition upgraded 2018 → 2024.

0.3.1 - 2025-12-06
Changed
	Dependencies refreshed.

0.3.0 - 2025-11-24
Initial public release. The supported SQLite functionality:
	Bundled SQLite — no system install required.
	Queries, execution, and parameter binding (positional and named).
	Transactions with named savepoints (nested-transaction support).
	Streaming row iteration compatible with Stream.resource/3.
	Per-operation cancellation. Progress-handler-based; any process
can cancel an in-progress operation without holding the connection
handle.
	Typed PRAGMA system with validated get/set.
	Schema introspection via PRAGMA table_xinfo, index_list,
index_xinfo, foreign_key_list, etc. — surfaced as structured
data, including generated and hidden columns.
	STRICT table support.
	Read-only database opens.
	Structured error surface — constraint violations and failure
categories mapped to typed atoms (no string parsing needed by
callers).
	SQLite introspection — compile_options and sqlite_version.
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    Security

This page is xqlite's threat model: what the library guards for you, what
it deliberately leaves in your hands, and the sharp edges worth knowing
before you point untrusted input at a database. It is not a hardening
checklist you tick once — it is a description of where the trust boundary
sits and how xqlite behaves on either side of it.
The trust boundary
SQLite is an in-process library, not a server. xqlite links it straight
into the BEAM (bundled, statically) and talks to it over a NIF — there is
no socket, no daemon, no listening port of xqlite's own. That removes an
entire class of attack surface: nothing to authenticate to, nothing to
firewall. What replaces it is closer to home. The database file, the
SQL you hand the engine, and any extension you load all run with the
full privileges of your BEAM OS process. Those three inputs are the trust
boundary. The rest of this page is about controlling them.
The upstream project keeps a matching document worth reading alongside
this one: SQLite — Security.
Thread-safety model
Every connection handle is a reference() backing a Mutex<Connection>
on the Rust side (inside a ResourceArc, which gives it Arc sharing
semantics). The mutex serializes access: a handle may be passed between
BEAM processes freely, and concurrent calls on the same handle take turns
rather than racing. There is no shared mutable SQLite state exposed to
Elixir that the mutex does not cover.
This mutex is not redundant with SQLite's own locking — the two are
complementary. rusqlite opens every connection with
SQLITE_OPEN_NO_MUTEX, which disables SQLite's internal per-connection
mutex for speed. That is safe precisely because xqlite's
Mutex<Connection> is the thing serializing access instead. Removing one
without the other would be a data race. Read concurrency is meant to come
from a pool of independent handles (as the Ecto adapter does), not from
sharing one handle across schedulers.
Two by-design operations hold this mutex across a blocking call, pinning
the connection for that call's duration. A busy retry policy's sleep_ms
(Xqlite.set_busy_policy/2) sleeps on the mutex-holding thread between
attempts; and in WAL mode xqlite runs the emulated autocheckpoint — a
passive checkpoint, i.e. real file I/O — inside its WAL hook on the
committing thread while the mutex is held. Neither is a bug (it is simply
where SQLite invokes the callback), but both make other operations on the
same connection wait. Other connections are never affected.
One rule the mutex cannot enforce for you: a raw handle must not
outlive the connection it came from. Prepared statements, streams, and
incremental-blob handles all hold a pointer into their connection's
SQLite state. Closing the connection while one of them is live is a
usage pattern to avoid — not because it will crash (it won't; see the
next section) but because it leaks. Finalize statements, drain or close
streams, close blobs, and delete sessions before Xqlite.close/1.
Resource lifecycle: close raw handles before the connection
These are the "hold it wrong" edges. All of them are safe — no
crash, no corruption, no undefined behavior — but each leaks a resource
that a small change to your teardown order avoids. Do the first thing,
not the second.
Close incremental blobs before the connection. An open blob (from
XqliteNIF.blob_open/6) registers an internal statement inside SQLite, so
sqlite3_close on a connection with a live blob returns SQLITE_BUSY and
SQLite refuses to free the connection. xqlite does not force the issue, so
that connection's sqlite3 handle stays resident until the OS process
exits. Call XqliteNIF.blob_close/1 (or let the blob be garbage-collected)
before closing the connection, and the handle frees normally. Prepared
statements and streams behave the same way — Xqlite.close/1 documents
that a connection closed with statements outstanding keeps its handle
alive until the process exits, so Xqlite.finalize/1 first.
Delete sessions before the connection. A session object
(XqliteNIF.session_new/1) is torn down under the connection mutex. If
you explicitly close the connection while a session handle is still
referenced, xqlite cannot safely run the session's teardown against a
freed database, so it leaks the (small) session object rather than risk a
use-after-free. Call XqliteNIF.session_delete/1 before Xqlite.close/1.
Neither leak grows without bound during normal use — it is one leaked
object per mis-ordered teardown, reclaimed when the OS process exits. But
in a long-lived system that opens and closes many connections, mis-ordered
teardown is a slow leak worth designing out.
Loading an extension runs native code in your process
This is the single most consequential capability in the library.
An extension is arbitrary code execution
Xqlite.load_extension/3 maps a native shared library into your BEAM
OS process and calls its init function. From that moment the extension
runs with the full privileges of your application — it can read and
write any file the process can, open sockets, and corrupt process
memory. There is no sandbox. Only load extensions you fully trust,
from paths an attacker cannot influence.
Because of that, extension loading is off by default and gated twice: the
SQLite build has the capability compiled in, but it stays disabled until
you explicitly turn it on with Xqlite.enable_load_extension/2, and the
recommended pattern is to disable it again immediately after loading:
{:ok, conn} = Xqlite.open("app.db")

:ok = Xqlite.enable_load_extension(conn, true)
{:ok, _} = Xqlite.load_extension(conn, "/opt/ext/mod_spatialite")
:ok = Xqlite.enable_load_extension(conn, false)
Re-disabling shrinks the window in which a later load_extension — yours
or one smuggled in through SQL — can pull in code. Never enable extension
loading on a connection that also runs untrusted SQL. See
SQLite — Loadable Extensions.
Restricting untrusted SQL: the authorizer
When you must run SQL you did not write — a reporting console, a
user-supplied filter — install a deny-list authorizer. SQLite consults it
while preparing every statement, before any row is touched, and xqlite
turns a denied action into a structured {:error, {:authorization_denied, message}}:
{:ok, conn} = Xqlite.open_in_memory()

# A read-only console: forbid every mutating and structural action.
:ok =
  Xqlite.set_authorizer(conn, [
    :insert,
    :update,
    :delete,
    :drop_table,
    :alter_table,
    :attach,
    :pragma
  ])

{:error, {:authorization_denied, _}} =
  XqliteNIF.execute(conn, "DELETE FROM audit_log", [])
Xqlite.remove_authorizer/1 clears it. Two limits are worth stating
plainly, because they shape what the authorizer can and cannot promise:
	Action-kind granularity only. The decision is made on the action
kind (:delete, :pragma, :attach, …). The table, column, and
database arguments SQLite passes are ignored, so you cannot yet allow
DELETE on one table while denying it on another.
	Deny-only. An action is allowed or denied; SQLite's IGNORE
disposition is not exposed.

One caveat with security relevance: denying :pragma also disables
Xqlite.get_pragma/2, Xqlite.set_pragma/3, and the schema-introspection
helpers, since those run PRAGMA statements. Deny it only when you intend
to lock those paths out too. The authorizer restricts what untrusted SQL
may do; it is not a substitute for parameterizing values — use both. See
SQLite — Compile-time Authorization.
SQL injection: always parameterize
Every query and execute function takes a parameter list. Use it. Never
build SQL by interpolating user input into the statement string —
string interpolation is how a value becomes executable syntax.
# WRONG — the value is now part of the SQL grammar.
XqliteNIF.query(conn, "SELECT * FROM users WHERE email = '#{email}'", [])

# RIGHT — the value is bound, never parsed as SQL.
XqliteNIF.query(conn, "SELECT * FROM users WHERE email = ?1", [email])
Bound parameters are passed to SQLite out-of-band from the SQL text, so
no contents of email — quotes, semicolons, comment markers — can change
what the statement does. This holds everywhere xqlite accepts a parameter
list, including the match term of an FTS5 query and the arguments of an
extension function. Identifiers (table and column names) cannot be
parameterized in SQL; when those are dynamic, validate them against an
allow-list you control rather than interpolating raw input.
Panic-freedom, and where it ends
xqlite's standing guarantee is that a call into the library does not crash
the BEAM. It holds through two layers.
First, every NIF invocation is wrapped so a Rust panic is caught before it
can unwind into C. A panic inside a NIF body — or inside the code that
encodes a return value back to an Elixir term — is turned into a raise
of :nif_panicked in the calling process, which that process can catch
like any other error; the VM stays up. (This is Rustler's documented
behavior, and xqlite relies on it.)
Second, and distinct from panics: xqlite's own expected failures are
never raised and never panics. They come back as structured {:error, reason} tuples — :connection_closed, {:utf8_error, column, reason},
{:authorization_denied, message}, and the rest of the error vocabulary.
A panic means "a bug reached a place it shouldn't"; an {:error, _} tuple
means "a thing you asked for could not be done." They are not the same
channel, and you should match on the tuples.
The one place this net does not reach is a resource destructor — the
teardown that runs when a connection, statement, stream, blob, or session
handle is garbage-collected. Destructors are invoked by the BEAM's own
memory management, outside the per-call panic guard, so a panic there
would unwind into C and take down the VM. That boundary is known and
designed around: every destructor xqlite ships is written to be
panic-proof — teardown runs under the connection mutex, failures are
logged rather than unwrapped, and nothing in the drop path calls an
operation that can panic. It is a guarantee with a named edge, not an
unconditional one.
Defense in depth: API_ARMOR
xqlite's raw FFI paths — the code in the stream, statement, and blob
resources that calls sqlite3_step, sqlite3_bind_*, sqlite3_column_*,
and sqlite3_finalize on raw pointers — are guarded on the Rust side by a
mutex, Option, and AtomicPtr. Beneath that, the bundled SQLite is
compiled with
SQLITE_ENABLE_API_ARMOR,
which adds NULL-pointer and invalid-argument checks at every SQLite C API
entry point. The effect is a safety net: were a bug ever to reach the C
API with a bad argument, API_ARMOR turns it into a returned
SQLITE_MISUSE error instead of undefined behavior. The cost is
negligible and it is always on.
Data-handling edges
A few smaller behaviors that occasionally surprise, all deliberate:
	NUL bytes in SQL text are rejected, not truncated. SQL passed to the
engine is converted to a C string; a statement string containing an
interior NUL (\0) byte returns {:error, :null_byte_in_string} rather
than being silently cut off at the NUL. Silent truncation is a classic
way for a crafted value to shorten a statement into something
unintended; xqlite refuses instead.
	Invalid UTF-8 in a TEXT column is surfaced, not mangled. Reading a
TEXT value whose bytes are not valid UTF-8 returns {:error, {:utf8_error, column, reason}}, naming the column. xqlite does not
lossily transcode; you learn that the stored bytes are not the text they
claim to be.
	Binary parameters dispatch on validity. An Elixir binary bound as a
parameter is stored as SQLite TEXT when it is valid UTF-8 and as a
BLOB otherwise. Bind explicitly typed values if you need a specific
column affinity regardless of contents.
	:memory: vs file is a trust and durability choice. An in-memory
database (Xqlite.open_in_memory/1) has no on-disk footprint and is
gone when its connection closes — nothing to leak to the filesystem, and
nothing to persist. A file-backed database is exactly as trustworthy as
the file: xqlite opens whatever image the path points at, so treat the
database file itself as an input under your control, and deserialize
only images you trust (Xqlite.deserialize/4 replaces a connection's
contents wholesale with the bytes you hand it).



  

    Gotchas and sharp edges

This page is a catalogue of xqlite's surprising-but-defined behaviors — the
places where the library (or the SQLite engine underneath it) does something
correct that you might not predict from the API alone. None of these is a bug.
Each is stable, deliberate, and written down here so it never catches you out
mid-debugging: "surprising, but here is exactly what happens and what to do."
It is the DX-focused sibling of the Security guide. That page
owns the threats — arbitrary code execution through extensions, the
thread-safety and trust model, SQL injection, panic-freedom. This page owns the
quirks: value round-trips that change shape, sort orders that read oddly,
handles that leak if torn down in the wrong order. The two cross-reference each
other; when a sharp edge has a security dimension, this page points you there.
Types and values
Non-finite floats read back as sentinel atoms
A REAL value that is not a finite number does not come back as a float:
	+Infinity reads back as the atom :positive_infinity
	-Infinity reads back as the atom :negative_infinity
	NaN reads back as nil

{:ok, conn} = Xqlite.open_in_memory()

{:ok, %{rows: [[value]]}} = XqliteNIF.query(conn, "SELECT 1e308 * 10", [])
value
#=> :positive_infinity
Why atoms, and not floats? A BEAM float is an IEEE 754 double, but the runtime
refuses to construct a non-finite one — there is no +Inf/-Inf/NaN term,
and the encoder that would build one rejects the value rather than returning it.
Mapping the non-finite cases onto atoms keeps a read on the ordinary {:ok, _}
path instead of turning a legitimate query into a raised exception.
You can only ever hit this on the read side. There is no way to bind a
non-finite float as a parameter — since the BEAM cannot hold one, one can never
reach the bind path — so ±Infinity appears only as the result of SQL that
overflows the double range: 1e308 * 10, the literal 9e999, a SUM() that
runs past the maximum. If a column can produce these, match the two atoms
explicitly before treating the value as a number.
NaN is the odd one out, and it connects to the next gotcha: you will not see a
sentinel atom for it, because SQLite converts a NaN to NULL before it ever
reaches xqlite's encoder — so a NaN reads back as nil, straight from the
NULL.
NaN is stored as NULL
This one is SQLite's behavior, not xqlite's, but it surfaces through xqlite
so it belongs here. SQLite has only five storage classes — NULL, INTEGER, REAL,
TEXT, BLOB — and none of them is NaN. When a NaN would be written to (or
computed into) a column, SQLite stores NULL instead:
{:ok, conn} = Xqlite.open_in_memory()
:ok = XqliteNIF.execute_batch(conn, "CREATE TABLE t (x REAL);")
{:ok, _} = XqliteNIF.execute(conn, "INSERT INTO t VALUES (9e999 - 9e999)", [])

{:ok, %{rows: [[type, value]]}} = XqliteNIF.query(conn, "SELECT typeof(x), x FROM t", [])
{type, value}
#=> {"null", nil}
So a round-trip through a REAL column cannot preserve NaN: it comes back
nil and typeof reports "null". If you need a "not a number" marker that
survives storage, encode it yourself — a sentinel row, a companion boolean
column, or a TEXT tag. See
SQLite — Datatypes for the five storage
classes.
length() stops at the first interior NUL
xqlite hands you the entire stored TEXT value on read, interior NUL bytes
(\0) included — the read paths size every value with sqlite3_column_bytes,
so nothing is truncated. SQLite's own length() SQL function, however, is
C-string-based: for a text value it counts code points only up to the first NUL.
So SELECT length(col) and byte_size/1 of the value you read back can
disagree:
{:ok, conn} = Xqlite.open_in_memory()
:ok = XqliteNIF.execute_batch(conn, "CREATE TABLE t (s TEXT);")
{:ok, _} = XqliteNIF.execute(conn, "INSERT INTO t VALUES (?1)", ["a\0b\0c"])

{:ok, %{rows: [[len, s]]}} = XqliteNIF.query(conn, "SELECT length(s), s FROM t", [])
len            #=> 1   — SQLite counts only up to the first NUL
byte_size(s)   #=> 5   — xqlite returns the whole value
This is a SQLite behavior, not an xqlite one, so there is nothing to fix — but
it is worth knowing before you ORDER BY length(...), size-check in SQL, or
trust length() as a byte count. (length() also counts code points rather
than bytes for multi-byte UTF-8; the interior-NUL rule is the one that surprises
people.) The SQLite docs are explicit: "For a string value X, the length(X)
function returns the number of Unicode code points (not bytes) in input string X
prior to the first U+0000 character." See
SQLite — Core Functions.
Offset-preserving DateTimes sort lexically, not chronologically
Xqlite.TypeExtension.DateTime stores a DateTime as ISO 8601 TEXT via
DateTime.to_iso8601/1, which preserves the original UTC offset (...Z,
...+02:00, and so on). The value round-trips exactly. But when rows carry
different offsets, an ORDER BY on that column sorts the strings
lexically — and lexical order is not chronological order:
"2024-06-01T23:00:00+00:00"   # 2024-06-01 23:00 UTC
"2024-06-02T00:00:00+02:00"   # 2024-06-01 22:00 UTC — one hour EARLIER
ORDER BY ts ASC returns the first row before the second, because the date
field 06-01 sorts ahead of 06-02 — yet the second instant is chronologically
earlier. Only the sort is affected; reading either value back gives you the
exact DateTime you stored.
If you need ORDER BY to be chronological, store a sort-stable form:
	UTC-normalize before storing, so every value carries the same offset
(...Z). Once all rows share one offset, lexical order is chronological.
	Use Xqlite.TypeExtension.Instant, which stores a DateTime as an int64
nanosecond count since the Unix epoch. Integers sort numerically, which is
always chronological. (Instant is encode-only — it deliberately has no
decode, because a stored integer is indistinguishable from any other integer,
so read-side conversion back to a DateTime is yours to do.)

Streaming
Mid-stream errors surface via :on_error
Xqlite.stream/4 fetches rows lazily, so a failure can land mid-stream — an
invalid-UTF-8 TEXT value in row three, the connection lost half-way through.
Because Stream.resource/3 cannot hand an error back to the consumer as a
return value, xqlite makes you choose how such a failure is surfaced, through
the :on_error option. The choice also fixes the stream's element shape:
	:raise (the default) — the happy path yields raw row maps; a mid-fetch
error raises Xqlite.StreamError, whose :reason field holds the structured
error term. A broken read can never masquerade as a completed stream.
	:halt — the happy path yields raw row maps; a mid-fetch error is logged
and the stream stops. This mode is lossy: the result set is silently
truncated and the consumer receives no error signal, so Enum.to_list/1
cannot tell a complete run from one that aborted at row three. Reach for it
only when a partial result is genuinely acceptable.
	:emit_error — a uniformly tagged stream: every row arrives as
{:ok, row}, and a failure arrives as a single terminal {:error, reason}
before the stream ends.

:emit_error is the mode to use when you want to handle failure inside the
pipeline rather than with a try:
conn
|> Xqlite.stream("SELECT id, name FROM users", [], on_error: :emit_error)
|> Enum.reduce_while([], fn
  {:ok, row}, acc -> {:cont, [row | acc]}
  {:error, reason}, acc -> {:halt, {:error, reason, Enum.reverse(acc)}}
end)
An unsupported :on_error value returns {:error, {:invalid_on_error, value}}
at stream open — before any row is fetched — like any other setup failure.
Resource lifecycle
Cancel tokens are single-use
A cancellation token (Xqlite.create_cancel_token/0) wraps a flag that is set
once and never reset. Xqlite.cancel_operation/1 flips it to "cancelled,"
and it stays that way for the life of the token — signalling twice is
idempotent, but there is no un-signal. So a token you have already signalled is
spent: hand it to another cancellable operation and that operation is
cancelled the moment it starts stepping, before it does any real work.
{:ok, token} = Xqlite.create_cancel_token()
:ok = Xqlite.cancel_operation(token)

# Reusing the SAME, already-signalled token cancels the next op at once:
Xqlite.query_cancellable(conn, "SELECT * FROM big_table", [], token)
#=> {:error, :operation_cancelled}
The rule is simple: create a fresh token per cancellable operation. A token
is cheap; do not cache one and reuse it across calls. (Passing a list of
tokens to one cancellable op is a separate, supported feature — OR-semantics
across several live tokens — and unrelated to reuse; each token in the list is
still single-use.)
Close child handles before the connection
Prepared statements, streams, incremental blobs, and sessions each hold a handle
into their connection's SQLite state. Closing the connection while one of them
is still live does not crash and does not corrupt anything — but it leaks:
	A live incremental blob keeps an internal statement open, so Xqlite.close/1
cannot free the connection; that connection's sqlite3 handle stays resident
until the OS process exits. Prepared statements and streams behave the same
way.
	A live session leaks the (small) session object, because xqlite will not risk
tearing it down against a database that has already been freed.

Neither leak grows without bound — it is one leaked object per mis-ordered
teardown, reclaimed when the OS process exits — but in a long-lived system that
churns connections it is a slow drip worth designing out. The fix is ordering:
finalize statements (Xqlite.finalize/1), drain or close streams, close blobs
(XqliteNIF.blob_close/1), and delete sessions (XqliteNIF.session_delete/1)
before Xqlite.close/1.
This is the DX face of a lifecycle rule the Security guide covers
in full under "Resource lifecycle: close raw handles before the connection" —
see there for the mechanism (why an open blob makes sqlite3_close return
SQLITE_BUSY, why the session teardown is skipped) and the surrounding trust
model.
Concurrency and busy handling
A busy policy's :max_elapsed_ms is measured from install, not per event
Xqlite.set_busy_policy/2 takes two independent give-up ceilings: :max_retries
and :max_elapsed_ms. They anchor their clocks differently, and the difference
is a footgun:
	:max_retries counts SQLite's retry count for the current busy event —
it resets to zero every time a fresh contention starts. This is the intuitive
behavior.
	:max_elapsed_ms is an absolute ceiling measured from when the busy
slot was first installed on the connection — not from when a busy wait
begins. It never resets for the life of the slot.

The consequence: once a connection has been alive (with a policy installed)
longer than :max_elapsed_ms, the elapsed check trips on the first callback of
every subsequent busy event, so the policy gives up immediately with zero
retries — as if no policy were installed at all.
# Install a generous-looking policy, then let the connection age past the cap.
:ok = Xqlite.set_busy_policy(conn, max_retries: 1_000, max_elapsed_ms: 400, sleep_ms: 5)
Process.sleep(600)

# A write that hits contention now surrenders instantly (0 retries), even though
# the holder would release well within a 1000×5 ms retry budget:
Xqlite.execute(conn, "INSERT INTO t VALUES (1)", [])
#=> {:error, {:database_busy_or_locked, "database is locked"}}   # gave up in ~0 ms
This bites long-lived connections hardest — exactly the pooled, always-open
connections an Ecto-style adapter keeps. With the default max_elapsed_ms: 5_000, a policy set at connection open silently stops retrying five seconds
later.
Treat :max_retries as the real retry gate: the effective retry budget is
sleep_ms × max_retries, and :max_elapsed_ms only lowers it (never raises
it) once the connection is older than that cap. If you want retries to keep
working on a long-lived connection, set :max_elapsed_ms comfortably larger than
the connection's expected lifetime (or very large), and size :max_retries /
:sleep_ms to bound the per-event wait. To reset the elapsed clock, remove the
policy (Xqlite.remove_busy_policy/1, with no observers left on the slot) and
set it again.
PRAGMA busy_timeout silently replaces your busy policy
SQLite has exactly one busy-handler slot per connection. xqlite uses it for
both the busy retry policy (Xqlite.set_busy_policy/2) and the busy observers
(Xqlite.register_busy_observer/2) — both ride that single C callback. Running
PRAGMA busy_timeout = N, whether as raw SQL or via
XqliteNIF.set_pragma(conn, "busy_timeout", ms), installs SQLite's built-in
sleep-and-retry handler into that same slot, overwriting xqlite's. The effect is
silent: the retry policy stops applying, and every registered observer stops
receiving its {:xqlite_busy, ...} messages, with no error and no warning.
Nothing leaks — xqlite reclaims the displaced state on the next slot change or
at connection close — but the behavior change is invisible until you notice the
observers have gone quiet. If you want plain-timeout semantics, switch to them
deliberately with Xqlite.busy_timeout/2, which removes the policy first and
keeps xqlite's bookkeeping consistent. Do not interleave a raw
PRAGMA busy_timeout with set_busy_policy/2 on the same connection.
A busy retry and the WAL autocheckpoint pin the connection
Two by-design operations hold a connection's mutex across a blocking call, so
while they run, other operations on the same connection wait (other
connections are never affected):
	A busy retry policy's :sleep_ms sleeps on the mutex-holding thread between
attempts. Budget sleep_ms × max_retries as the time the connection can be
pinned during contention.
	In WAL mode, xqlite's emulated autocheckpoint runs a passive checkpoint — real
file I/O — inside its WAL hook on the committing thread, with the mutex held.

Neither is a bug; both are simply where SQLite invokes the callback. They are
called out because a long :sleep_ms or a large checkpoint can make a shared
connection feel stalled to its other callers. The Security
guide's "Thread-safety model" section is the canonical home for this — it
explains the per-connection mutex model that these two cases sit inside.
Give each process its own connection — sharing one stalls a scheduler
Heavy operations (query, execute, stream, blob read/write, session and
changeset work, backup, serialize, …) run on the BEAM's dirty schedulers,
so they never tie up a normal scheduler no matter how long they take. The cheap
state readers (changes/1, total_changes/1, db_path/1, autocommit/1,
transaction_state/2, and the like) run on a normal scheduler because they are
sub-microsecond in the intended usage.
That intended usage is one connection per process — a pool of independent
handles, which is exactly how the Ecto adapter uses xqlite. If you instead
share a single connection handle across processes, every call to it is
serialized by that connection's mutex (by design). The sharp edge: if one process
is mid-way through a slow operation on the shared handle, another process calling
even a trivial reader on the same handle blocks on a normal scheduler for the
slow operation's entire duration — a multi-second reader call is enough to make
that scheduler unresponsive to unrelated work. Enough of them at once degrades
the whole VM's latency.
The fix is the design: don't share a connection handle between processes for
concurrency. Open one connection per process (or use a pool of independent
handles). If you genuinely must share a handle, treat every call on it —
including the cheap readers — as something that can block for as long as the
longest operation currently running on that connection.
Memory and binaries
query materializes the whole result; stream bounds the peak
Xqlite.query/4 builds the entire result set in memory before it returns —
every row, every value, all at once. For a large result that is a large, if
transient, allocation: a 100 000-row result of ~0.5 KB rows is ~50 MB of BEAM
binaries held live until you drop the result. Xqlite.stream/4 instead fetches
in batches, so if you consume and discard rows as they arrive (rather than
Enum.to_list/1-ing them back into one list) the peak stays bounded to roughly
one batch, independent of how many rows the query returns — measured at ~68×
smaller peak binary memory for a 100 000-row scan. The rule of thumb is the
usual one, now with a number behind it: if a result set is large and you don't
need it all at once, stream it and process each batch, don't query it.
There is no memory leak on either path — once you drop the result (or the
consuming process dies), all of it is reclaimed at the next GC.
BLOB values are backed differently by query vs stream (large blobs only)
A subtlety only worth knowing if you are profiling memory for a blob-heavy
workload. A BLOB column value crosses the NIF boundary as one of two kinds of
binary, chosen by size so each stays on its leaner backing:
	a blob larger than 64 bytes returned through query /
query_with_changes / execute is handed back as a reference-counted
resource binary that wraps SQLite's already-copied bytes with no further copy
— leanest for large blobs. The stream / prepared step / blob_read paths
instead copy it into a fresh reference-counted binary (they work from a
transient SQLite pointer and so cannot wrap it in place);
	a blob 64 bytes or smaller is, on every path, copied into a cheap
process-heap binary — no off-heap object and no asymmetry.

They are byte-for-byte identical values; only the backing of large blobs
differs between the paths, and there the query path is the leaner one (it skips
the copy). The difference is never a correctness issue and, for typical
workloads, negligible.
Deployment and releases
Hot code upgrades are not supported — restart the node
xqlite is a NIF library, and its native code cannot be hot-upgraded in place.
A release that ships a new version of xqlite (or of any library that embeds it)
must restart the BEAM to pick it up — a full node restart, not a live
relup/appup code swap. This is the norm for NIF-heavy deployments, but it is
worth stating plainly because the failure mode is silent-to-the-uninitiated: an
in-place upgrade of the xqlite module simply does not take.
Here is exactly what the VM does if you try. Attempting to reload the NIF module
while it is already loaded is refused, cleanly:
:code.load_file(XqliteNIF)
#=> {:error, :on_load_failure}

# and the VM logs, from the module's on_load:
#   The on_load function for module Elixir.XqliteNIF returned:
#   {:error, {:upgrade, ~c"Upgrade not supported by this NIF library."}}
The reason is structural. The BEAM will not load a new NIF library into a module
that already has old code with a loaded NIF library unless the library provides
an upgrade callback — and the Rustler version xqlite builds against generates a
NIF entry whose upgrade (and reload, and unload) callback is absent (NULL).
So the second load is rejected before it can take effect. There is no back door:
calling :erlang.load_nif/2 directly from another module is refused too
({:error, {:bad_lib, ...}}) — the only load path is the module's own on_load,
which is exactly the path that fails.
The important half is that it fails safe. The rejected reload leaves the old
code — and its loaded NIF — running untouched; it does not crash the VM and it
does not corrupt anything. Any connections, prepared statements, streams, blobs,
and sessions you were already holding keep working normally across the failed
attempt. Worst case, an accidental hot-upgrade attempt makes your deploy fail
loudly ({:error, :on_load_failure}) and you restart the node — you never end up
with two native library instances fighting over the same handles, and you never
lose data to a half-applied swap.
Practical guidance:
	Deploy xqlite upgrades with a node restart. Rolling restarts across a
cluster are fine; in-place BEAM code upgrades are not.
	Libraries and adapters that wrap xqlite must not assume upgrade-in-place.
Treat a new xqlite version as requiring a fresh VM, and document that for your
own users.
	If your release tooling runs relups, exclude xqlite (and anything statically
linking it) from the in-place-upgrade set; let it ride the restart instead.



  

    Wiring xqlite telemetry

xqlite emits :telemetry events for every observable operation
(query / execute / transaction / stream / backup / wal_checkpoint /
serialize / pragma / extension / cancellation) plus an opt-in bridge
that turns multi-subscriber hook deliveries (commit / rollback /
update / wal / progress / log) into telemetry. Everything is
compile-time opt-in — when telemetry is disabled (the default),
no :telemetry calls exist in the bytecode at all.
Enable telemetry
In your application's config/config.exs:
config :xqlite, :telemetry_enabled, true
Rebuild the xqlite dep so the flag takes effect:
mix deps.compile xqlite --force

To verify at runtime:
iex> Xqlite.Telemetry.enabled?()
true
When false, every emission site in xqlite compiles to a no-op —
including :telemetry.execute/3 calls that would otherwise be a few
hundred nanoseconds each. Designed for resource-constrained
environments (Nerves, embedded, hot loops where every nanosecond
counts).
Conventions
	Time units: integer nanoseconds everywhere. Convert at
handler time (/1_000 for µs, /1_000_000 for ms).
	Time source: System.monotonic_time(:nanosecond). Stable
across NTP drift; consumers convert to wall-clock at handler time
if needed.
	Identifiers: raw refs (reference()) for connections, tokens,
streams. No abstraction layer — map at attach time if you need
stable IDs.
	Cancellation: an operation that was cancelled fires
:stop with metadata.error_reason == :operation_cancelled —
NOT :exception. A separate [:xqlite, :cancel, :honored] event
also fires.

Event surface — operation events (always-on)
See Xqlite.Telemetry moduledoc for the complete schema with every
measurement and metadata key. Highlights:
	Event	Trigger	Key metadata
	[:xqlite, :query, :*]	Xqlite.query/3, Xqlite.query_cancellable/4	:sql, :cancellable?, :num_rows (on stop)
	[:xqlite, :execute, :*]	Xqlite.execute/3 and cancellable variant	:sql, :affected_rows (on stop)
	[:xqlite, :execute_batch, :*]	Xqlite.execute_batch/2 and cancellable variant	:sql_batch_size_bytes
	[:xqlite, :explain_analyze, :*]	Xqlite.explain_analyze/3	:wall_time_ns, :rows_produced, :scan_count
	[:xqlite, :transaction, :begin / :commit / :rollback]	Xqlite.begin/2, commit/1, rollback/1	:mode (begin), :reason (rollback)
	[:xqlite, :savepoint, :create / :release / :rollback_to]	Xqlite.savepoint/2 etc.	:name
	[:xqlite, :stream, :open, :*]	Xqlite.stream/4 opens a NIF stream	:batch_size
	[:xqlite, :stream, :fetch]	every batch (potentially thousands per stream)	:rows_returned, :done?
	[:xqlite, :stream, :close]	stream consumed / dropped	:total_rows, :reason
	[:xqlite, :backup, :*]	Xqlite.backup/3	:dest_path, :byte_size
	[:xqlite, :backup_with_progress, :*]	one-shot via Xqlite.backup_with_progress/6 (see notes)	:pages_per_step
	[:xqlite, :wal_checkpoint, :*]	Xqlite.wal_checkpoint/3	:mode, :log_pages, :checkpointed_pages, :busy?
	[:xqlite, :serialize, :*]	Xqlite.serialize/2	:byte_size
	[:xqlite, :deserialize, :*]	Xqlite.deserialize/4	:read_only?, :byte_size
	[:xqlite, :extension, :load, :*]	Xqlite.load_extension/3	:path, :entry_point
	[:xqlite, :extension, :enable]	Xqlite.enable_load_extension/2	:enabled
	[:xqlite, :pragma, :get / :set]	Xqlite.get_pragma/2, Xqlite.set_pragma/3	:name, :value (on set)
	[:xqlite, :cancel, :token_created]	Xqlite.create_cancel_token/0	:token
	[:xqlite, :cancel, :signalled]	Xqlite.cancel_operation/1	:token
	[:xqlite, :cancel, :honored]	a cancellable operation observed cancellation	:operation, :tokens

Event surface — hook bridge events (opt-in)
The hook bridge turns the multi-subscriber hook fan-out (commit,
rollback, update, wal, progress) into telemetry events. NOT
attached automatically — call Xqlite.Telemetry.bridge/2:
{:ok, bridge} =
  Xqlite.Telemetry.bridge(conn,
    hooks: [:wal, :commit, :rollback, :update, :progress],
    tag: :my_app_replica_a
  )

# Events fire as [:xqlite, :hook, :wal] etc. with `tag: :my_app_replica_a`
# in metadata.

:ok = Xqlite.Telemetry.unbridge(bridge)
Pass hooks: :all for the full set. For the global SQLite log hook,
use Xqlite.Telemetry.bridge_log/1.
busy_handler is intentionally not in the bridge — it's
single-subscriber by design. Register your own busy handler if you
want busy events as telemetry.
Sample handlers
Datadog / StatsD
:telemetry.attach_many(
  "xqlite-statsd",
  [
    [:xqlite, :query, :stop],
    [:xqlite, :execute, :stop]
  ],
  fn _name, %{duration: ns}, %{result_class: class}, _ ->
    duration_ms = ns / 1_000_000
    StatsD.histogram("xqlite.query.duration_ms", duration_ms, tags: [class])
  end,
  nil
)
Properly-named database attributes (semantic conventions)
Database-aware backend features (Datadog DB monitoring, latency-by-
statement views) key off OpenTelemetry's stable database
semantic-convention names
— db.system.name, db.query.text, db.operation.name,
db.namespace, error.type. Xqlite.Telemetry.OpenTelemetry is the
pure mapping from xqlite's events to exactly that vocabulary — no
OpenTelemetry dependency; you call it from your own handler:
def handle_event([:xqlite | _] = event, measurements, metadata, _cfg) do
  attrs = Xqlite.Telemetry.OpenTelemetry.attributes(event, measurements, metadata)
  # set `attrs` on the span you create; span_name/2 suggests the span name
end
Every mapped name is cited to its spec page in that module's docs.
Honeycomb / OpenTelemetry
Use :opentelemetry_telemetry — it's the standard bridge. xqlite
emits clean spans (start/stop with telemetry_span_context) so the
bridge can reconstruct OTel spans automatically:
# In application.ex:
:opentelemetry_telemetry.attach(:xqlite_otel, [
  [:xqlite, :query],
  [:xqlite, :execute],
  [:xqlite, :execute_batch],
  [:xqlite, :explain_analyze]
])
xqlite does NOT depend on :opentelemetry directly — that's a
downstream concern.
Logger
:telemetry.attach(
  "xqlite-log",
  [:xqlite, :cancel, :honored],
  fn _, %{monotonic_time: t}, %{operation: op, tokens: tokens}, _ ->
    Logger.warning("xqlite #{op} cancelled, tokens: #{inspect(tokens)}")
  end,
  nil
)
Prometheus
Use :telemetry_metrics and :telemetry_metrics_prometheus_core —
the standard pipeline. Define metrics declaratively:
# In your supervisor:
def metrics do
  [
    Telemetry.Metrics.distribution("xqlite.query.duration",
      event_name: [:xqlite, :query, :stop],
      measurement: :duration,
      unit: {:native, :millisecond}
    ),
    Telemetry.Metrics.counter("xqlite.cancel.honored",
      event_name: [:xqlite, :cancel, :honored]
    )
  ]
end
Composing with xqlite_ecto3
The Ecto adapter emits its own [:xqlite_ecto3, :*] events at the
DBConnection callback layer. Both layers fire — pick the layer
that matches your observability needs:
	[:my_app, :repo, :query] (Ecto's own) — the high-level Repo
event, ideal for "how long did this Repo.all/insert take?"
	[:xqlite_ecto3, :handle_execute, :*] — adapter-internal,
pre-DBConnection-pool wrap.
	[:xqlite, :query, :*] — xqlite-internal, raw NIF timing.

Together they give a layered view: pool → adapter → driver.
Performance
Per-event cost when no handler is attached: ~hundreds of nanoseconds
(:telemetry.execute/3 fast-path). When handlers are attached, the
cost depends on the handler. xqlite emits aggressively (every stream
fetch, every cancel signal) — a heavy handler attached to a hot
event will measurably slow queries down. If you need fine-grained
instrumentation in production, consider:
	Sampling at the handler (if :rand.uniform() < 0.01, do: ...)
	Buffering measurements and flushing in batches
	Using :telemetry_metrics (already does buffered aggregation)

Verifying disabled-mode
If you've set :telemetry_enabled, false:
iex> Xqlite.Telemetry.enabled?()
false
In this mode, :telemetry.execute/3 is never called. Verify by
attaching a global handler and running queries:
iex> :telemetry.attach("debug", [:xqlite, :query, :stop], fn _, _, _, _ ->
...>   IO.puts("event fired")
...> end, nil)
iex> {:ok, conn} = Xqlite.open_in_memory()
iex> Xqlite.query(conn, "SELECT 1", [])
# (no "event fired" output)


  

    Full-text search with FTS5

FTS5 is compiled into xqlite's bundled SQLite (ENABLE_FTS5 — check
Xqlite.compile_options/1 if you doubt it). It is SQLite's answer to
"I want a GIN index and tsquery": an inverted index over your text
columns, queried with a small match language, ranked with BM25. No
extension loading, no extra process — it's already there.
A searchable table in two statements
{:ok, conn} = Xqlite.open_in_memory()

:ok =
  XqliteNIF.execute_batch(conn, """
  CREATE TABLE articles (id INTEGER PRIMARY KEY, title TEXT, body TEXT);
  CREATE VIRTUAL TABLE articles_fts USING fts5(
    title, body,
    content = 'articles',
    content_rowid = 'id'
  );
  """)
content = 'articles' makes this an external-content table: the
index stores only tokens, not a second copy of your text — the
canonical rows stay in articles. The price of that layout is that
you must keep the index in sync yourself, and the canonical way is
triggers:
:ok =
  XqliteNIF.execute_batch(conn, """
  CREATE TRIGGER articles_ai AFTER INSERT ON articles BEGIN
    INSERT INTO articles_fts(rowid, title, body)
    VALUES (new.id, new.title, new.body);
  END;
  CREATE TRIGGER articles_ad AFTER DELETE ON articles BEGIN
    INSERT INTO articles_fts(articles_fts, rowid, title, body)
    VALUES ('delete', old.id, old.title, old.body);
  END;
  CREATE TRIGGER articles_au AFTER UPDATE ON articles BEGIN
    INSERT INTO articles_fts(articles_fts, rowid, title, body)
    VALUES ('delete', old.id, old.title, old.body);
    INSERT INTO articles_fts(rowid, title, body)
    VALUES (new.id, new.title, new.body);
  END;
  """)
(The odd-looking 'delete' insert is FTS5's command syntax — external
content tables are told about deletions, they don't observe them.)
Querying
{:ok, _} =
  XqliteNIF.execute(
    conn,
    "INSERT INTO articles (title, body) VALUES (?1, ?2)",
    ["SQLite and the BEAM", "Cancellable queries keep schedulers happy"]
  )

{:ok, result} =
  XqliteNIF.query(
    conn,
    """
    SELECT a.id, a.title, bm25(articles_fts) AS rank
    FROM articles_fts
    JOIN articles a ON a.id = articles_fts.rowid
    WHERE articles_fts MATCH ?1
    ORDER BY rank
    """,
    ["schedulers"]
  )
The match language covers the usual needs: "exact phrase",
prefix*, title:beam (column filter), sqlite AND (beam OR erlang), NEAR(sqlite beam, 5). bm25() returns lower is better
— ORDER BY rank ascending gives best-first.
Snippets and highlighting are built in:
SELECT highlight(articles_fts, 0, '<b>', '</b>') AS title_hl,
       snippet(articles_fts, 1, '<b>', '</b>', '…', 12) AS excerpt
FROM articles_fts
WHERE articles_fts MATCH ?1
Through the Ecto adapter
Everything above is plain SQL, so with
xqlite_ecto3 it belongs
in a migration's execute/2 (the virtual table + triggers) and in
Repo.query!/2 or fragment/1 for the match queries:
Repo.query!(
  "SELECT a.* FROM articles_fts JOIN articles a ON a.id = articles_fts.rowid " <>
    "WHERE articles_fts MATCH ?1 ORDER BY bm25(articles_fts)",
  [search_term]
)
The match term is a bound parameter — never interpolate user input
into the query string.
Operational notes
	Tokenizers. The default unicode61 folds case and diacritics.
porter adds English stemming: USING fts5(..., tokenize = 'porter unicode61'). trigram enables LIKE/GLOB-style substring
search on the index.
	Rebuilds. After bulk-loading the content table directly, rebuild
the index in one command:
INSERT INTO articles_fts(articles_fts) VALUES ('rebuild').
	Integrity. INSERT INTO articles_fts(articles_fts, rank) VALUES ('integrity-check', 1) verifies index-vs-content consistency.
	Size/speed knobs. 'optimize' merges the b-trees after heavy
write churn; detail = 'column' or 'none' shrink the index if you
don't need phrase/NEAR queries.
	FTS5 tables ignore STRICT and constraints — they are indexes, not
data owners. Keep constraints on the content table.



  

    Spatial data with SpatiaLite

SQLite has no PostGIS built in, but the ecosystem's answer —
SpatiaLite — is
a loadable extension, and xqlite's extension loading is the doorway.
This guide is doc-first: xqlite does not bundle or test SpatiaLite
in CI; it documents the pattern that works with the machinery xqlite
ships (opt-in extension loading against the bundled SQLite — loadable
extensions use SQLite's function-pointer ABI, so the bundled build
loads system-installed extension binaries fine).
Installing the extension binary
The extension is mod_spatialite, installed per platform:
	Debian/Ubuntu: apt install libsqlite3-mod-spatialite
(lands as /usr/lib/x86_64-linux-gnu/mod_spatialite.so)
	macOS: brew install libspatialite
	Windows: the mod_spatialite DLL bundles from gaia-gis.it
(put the whole directory on PATH — the DLL has sibling
dependencies)

Loading it
Extension loading is disabled by default and gated twice (the
Elixir-side opt-in and SQLite's own flag):
{:ok, conn} = Xqlite.open("geo.db")

:ok = Xqlite.enable_load_extension(conn, true)
{:ok, _} = Xqlite.load_extension(conn, "mod_spatialite")
# Windows or non-standard paths: pass the full path to the library.
:ok = Xqlite.enable_load_extension(conn, false)
Re-disabling after loading is good hygiene: load_extension is a
per-connection capability you rarely want left open.
First use of a database needs the metadata tables (one-time, slow —
it creates the spatial reference systems catalog):
{:ok, _} = XqliteNIF.query(conn, "SELECT InitSpatialMetaData(1)", [])
A spatial table
:ok = XqliteNIF.execute_batch(conn, """
CREATE TABLE places (id INTEGER PRIMARY KEY, name TEXT NOT NULL);
""")

{:ok, _} =
  XqliteNIF.query(
    conn,
    "SELECT AddGeometryColumn('places', 'geom', 4326, 'POINT', 'XY')",
    []
  )

{:ok, _} =
  XqliteNIF.execute(
    conn,
    "INSERT INTO places (name, geom) VALUES (?1, GeomFromText(?2, 4326))",
    ["Sofia", "POINT(23.3219 42.6977)"]
  )
Distance queries, in meters, on geographic coordinates:
{:ok, result} =
  XqliteNIF.query(
    conn,
    """
    SELECT name,
           ST_Distance(geom, GeomFromText(?1, 4326), 1) AS meters
    FROM places
    ORDER BY meters
    LIMIT 10
    """,
    ["POINT(23.3 42.7)"]
  )
For large tables add the RTree-backed spatial index (xqlite's bundled
SQLite compiles RTree in) and use it explicitly:
SELECT CreateSpatialIndex('places', 'geom');

SELECT p.name
FROM places p
WHERE p.rowid IN (
  SELECT rowid FROM SpatialIndex
  WHERE f_table_name = 'places' AND search_frame = BuildMbr(?1, ?2, ?3, ?4)
)
SpatiaLite's spatial index is opt-in per query — the SpatialIndex
virtual-table subquery is the documented pattern, not something the
planner applies for you.
Through the Ecto adapter
With xqlite_ecto3, do the
loading at connect time per pooled connection — a named process is not
needed; use the repo's custom_pragmas-adjacent hook point, i.e. run
the load in your own after_connect-style wrapper via
XqliteEcto3.with_xqlite/3, or simplest: load lazily in the code
paths that need spatial SQL. Geometry columns arrive as BLOBs at the
Ecto level; treat spatial SQL as fragment/1 / Repo.query!/2
territory. First-class geometry types are out of the adapter's current
scope (Geo-style types would sit at the application layer).
Honest caveats
	Not bundled, not CI-tested by xqlite — platform availability and
version drift are yours to own. The extension ABI itself is stable.
	InitSpatialMetaData inflates the database by several MB (the SRS
catalog). Run it once per database, not per connection.
	In-memory databases work for experimentation, but every new
:memory: connection starts blank — metadata init included.
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        autocommit(conn)

      


        Returns {:ok, true} when the connection is in auto-commit mode
(no active transaction), {:ok, false} otherwise.



    


    
      
        backup(conn, dest_path, schema \\ "main")

      


        Backs up a schema to a file.



    


    
      
        backup_with_progress(conn, schema, dest_path, pid, pages_per_step, token_or_tokens)

      


        Online backup with progress messages and cancellation. Accepts either a
single cancel token or a list (OR-semantics).



    


    
      
        begin(conn, mode \\ :deferred)

      


        Begins a transaction in the given mode (:deferred, :immediate, or
:exclusive). Emits [:xqlite, :transaction, :begin] telemetry.



    


    
      
        bind(stmt, params)

      


        Binds parameters to a prepared statement.



    


    
      
        busy_timeout(conn, ms)

      


        Sets a plain sqlite3_busy_timeout on the connection, replacing the
xqlite busy slot cleanly.



    


    
      
        cancel_operation(token)

      


        Signals a cancellation token. Emits [:xqlite, :cancel, :signalled].



    


    
      
        changes(conn)

      


        Returns the number of rows changed by the most recently completed
INSERT, UPDATE, or DELETE on this connection.



    


    
      
        check_strict_violations(conn, table)

      


        Checks an existing table for values that would violate STRICT typing rules.



    


    
      
        clear_bindings(stmt)

      


        Clears all parameter bindings on a prepared statement back to NULL.



    


    
      
        close(conn)

      


        Closes the connection, releasing the underlying SQLite handle.



    


    
      
        column_names(stmt)

      


        Returns the result column names of a prepared statement.



    


    
      
        commit(conn)

      


        Commits the current transaction. Emits [:xqlite, :transaction, :commit].



    


    
      
        compile_options(conn)

      


        Returns the compile-time options the linked SQLite library was
built with, as a list of strings (PRAGMA compile_options).



    


    
      
        connection_stats(conn)

      


        Returns a snapshot of the connection's sqlite3_db_status counters
(lookaside, pager cache, schema and statement memory, cache
hit/miss/spill, deferred foreign keys).



    


    
      
        create_cancel_token()

      


        Creates a cancellation token. Emits [:xqlite, :cancel, :token_created].



    


    
      
        db_path(conn)

      


        Returns the filesystem path of the connection's main database.



    


    
      
        deserialize(conn, data, schema \\ "main", read_only \\ false)

      


        Deserializes a binary into a database, replacing its current contents.



    


    
      
        disable_foreign_key_enforcement(conn)

      


        Disables foreign key constraint enforcement for the given database connection (default behavior).



    


    
      
        disable_strict_mode(conn)

      


        Disables strict mode only for the lifetime given database connection (SQLite's default).



    


    
      
        enable_foreign_key_enforcement(conn)

      


        Enables foreign key constraint enforcement for the given database connection.



    


    
      
        enable_load_extension(conn, enabled \\ true)

      


        Enables or disables extension loading on the connection.



    


    
      
        enable_strict_mode(conn)

      


        Enables strict mode only for the lifetime of the given database connection.



    


    
      
        enable_strict_table(conn, table)

      


        Converts an existing table to STRICT mode via table rebuild.



    


    
      
        execute(conn, sql, params \\ [], opts \\ [])

      


        Executes a non-returning SQL statement and returns a %Xqlite.Result{}.



    


    
      
        execute_batch(conn, sql_batch)

      


        Executes a SQL batch (multiple statements separated by semicolons).



    


    
      
        execute_batch_cancellable(conn, sql_batch, token_or_tokens)

      


        Cancellable execute_batch/2. Accepts either a single cancel token or a list.



    


    
      
        execute_cancellable(conn, sql, params, token_or_tokens)

      


        Cancellable execute/3. Accepts either a single cancel token or a list.



    


    
      
        explain_analyze(conn, sql, params \\ [])

      


        Runs a SQL statement and returns an %Xqlite.ExplainAnalyze{} report.



    


    
      
        finalize(stmt)

      


        Finalizes a prepared statement, releasing its SQLite resources.



    


    
      
        get_create_sql(conn, object_name)

      


        Returns the CREATE ... SQL for a schema object as recorded in
sqlite_schema, or {:ok, nil} when no object with that name
exists.



    


    
      
        get_pragma(conn, name)

      


        Reads a PRAGMA value from the connection.



    


    
      
        last_insert_rowid(conn)

      


        Returns the rowid of the most recent successful INSERT on this
connection.



    


    
      
        load_extension(conn, path, entry_point \\ nil)

      


        Loads a SQLite extension from the shared library at path.



    


    
      
        multi_step(stmt, batch_size)

      


        Advances a prepared statement up to batch_size rows.



    


    
      
        multi_step_cancellable(stmt, batch_size, token_or_tokens)

      


        Like multi_step/2 but cancellable.



    


    
      
        open(path, opts \\ [])

      


        Opens a database connection with opinionated defaults and validated options.



    


    
      
        open_in_memory(opts \\ [])

      


        Opens an in-memory database with opinionated defaults and validated options.



    


    
      
        open_in_memory_readonly(uri \\ ":memory:")

      


        Opens a read-only connection to an in-memory SQLite database.



    


    
      
        open_readonly(path)

      


        Opens a read-only connection to an existing database file.



    


    
      
        open_temporary()

      


        Opens a connection to a private temporary on-disk database.



    


    
      
        prepare(conn, sql)

      


        Prepares a manually managed statement.



    


    
      
        query(conn, sql, params \\ [], opts \\ [])

      


        Executes a SQL query and returns a %Xqlite.Result{} struct.



    


    
      
        query_cancellable(conn, sql, params, token_or_tokens)

      


        Cancellable query/3. Accepts either a single cancel token or a list of
tokens; OR-semantics — any signalled token interrupts the query.



    


    
      
        query_with_changes_cancellable(conn, sql, params, token_or_tokens)

      


        Cancellable query_with_changes/3. Accepts either a single cancel token or a list.



    


    
      
        register_busy_observer(conn, pid)

      


        Registers a busy-contention observer on the connection.



    


    
      
        register_progress_hook(conn, pid, opts \\ [])

      


        Registers a progress-tick subscriber on the connection.



    


    
      
        release_savepoint(conn, name)

      


        Releases a savepoint. Emits [:xqlite, :savepoint, :release].



    


    
      
        remove_authorizer(conn)

      


        Removes any authorizer installed on the connection.



    


    
      
        remove_busy_policy(conn)

      


        Removes the busy retry policy from the connection.



    


    
      
        reset(stmt)

      


        Resets a prepared statement so it can be stepped from the start again.



    


    
      
        restore(conn, src_path, schema \\ "main")

      


        Restores a schema from a file.



    


    
      
        rollback(conn)

      


        Rolls back the current transaction. Emits
[:xqlite, :transaction, :rollback] with reason: :user_initiated.



    


    
      
        rollback_to_savepoint(conn, name)

      


        Rolls back to a savepoint without releasing it. Emits
[:xqlite, :savepoint, :rollback_to].



    


    
      
        savepoint(conn, name)

      


        Creates a savepoint with the given name. Emits
[:xqlite, :savepoint, :create].



    


    
      
        schema_columns(conn, table_name)

      


        Returns column details for a table or view as
Xqlite.Schema.ColumnInfo structs (PRAGMA table_xinfo), or
{:ok, []} when the table does not exist.



    


    
      
        schema_databases(conn)

      


        Lists all databases attached to the connection as
Xqlite.Schema.DatabaseInfo structs (PRAGMA database_list).



    


    
      
        schema_foreign_keys(conn, table_name)

      


        Returns the foreign keys defined on a table as
Xqlite.Schema.ForeignKeyInfo structs (PRAGMA foreign_key_list).



    


    
      
        schema_index_columns(conn, index_name)

      


        Returns the columns of an index as Xqlite.Schema.IndexColumnInfo
structs (PRAGMA index_xinfo), ordered by position in the index.



    


    
      
        schema_indexes(conn, table_name)

      


        Returns all indexes on a table as Xqlite.Schema.IndexInfo structs
(PRAGMA index_list), including those backing PRIMARY KEY and
UNIQUE constraints.



    


    
      
        schema_list_objects(conn, schema \\ nil)

      


        Lists tables, views, and virtual tables as
Xqlite.Schema.SchemaObjectInfo structs (PRAGMA table_list).



    


    
      
        serialize(conn, schema \\ "main")

      


        Serializes a database to a contiguous binary.



    


    
      
        set_authorizer(conn, denied_actions)

      


        Installs a deny-list authorizer on the connection.



    


    
      
        set_busy_policy(conn, opts \\ [])

      


        Sets the busy retry POLICY on the connection.



    


    
      
        set_pragma(conn, name, value)

      


        Sets a PRAGMA value on the connection.



    


    
      
        sqlite_version()

      


        Returns the version string of the linked SQLite C library.



    


    
      
        step(stmt)

      


        Advances a prepared statement one row.



    


    
      
        stream(conn, sql, params \\ [], opts \\ [])

      


        Creates a stream that executes a query and emits rows as string-keyed maps.



    


    
      
        total_changes(conn)

      


        Returns the total number of rows changed by all INSERT, UPDATE,
and DELETE statements since the connection was opened, including
changes made by triggers. Wraps XqliteNIF.total_changes/1. No
telemetry is emitted.



    


    
      
        transaction_status(conn)

      


        Returns whether the connection is currently inside a transaction.



    


    
      
        txn_state(conn, schema \\ nil)

      


        Returns the transaction state of a schema: :none, :read,
:write, or :unknown (a future SQLite state not mapped yet).



    


    
      
        unregister_busy_observer(conn, handle)

      


        Unregisters a busy-contention observer by handle.



    


    
      
        unregister_progress_hook(conn, handle)

      


        Unregisters a progress-tick subscriber by handle.



    


    
      
        wal_checkpoint(conn, mode \\ :passive, schema \\ "main")

      


        Performs a WAL checkpoint on the connection.



    





      


      
        Types


        


  
    
      
    
    
      conn()



        
          
        

    

  


  

      

          @type conn() :: reference()


      



  



  
    
      
    
    
      constraint_details()



        
          
        

    

  


  

      

          @type constraint_details() :: %{
  message: String.t(),
  table: String.t() | nil,
  columns: [String.t()],
  index_name: String.t() | nil,
  constraint_name: String.t() | nil,
  source_type: storage_class(),
  target_type: storage_class()
}


      



  



  
    
      
    
    
      constraint_kind()



        
          
        

    

  


  

      

          @type constraint_kind() ::
  :constraint_check
  | :constraint_commit_hook
  | :constraint_datatype
  | :constraint_foreign_key
  | :constraint_function
  | :constraint_not_null
  | :constraint_pinned
  | :constraint_primary_key
  | :constraint_rowid
  | :constraint_trigger
  | :constraint_unique
  | :constraint_vtab
  | nil


      



  



  
    
      
    
    
      error()



        
          
        

    

  


  

      

          @type error() :: {:error, error_reason()}


      



  



  
    
      
    
    
      error_reason()



        
          
        

    

  


  

      

          @type error_reason() ::
  :connection_closed
  | :execute_returned_results
  | :invalid_transaction_mode
  | :multiple_statements
  | :null_byte_in_string
  | :operation_cancelled
  | :statement_finalized
  | {:authorization_denied, integer(), String.t()}
  | {:cannot_convert_atom_to_string, String.t()}
  | {:cannot_convert_to_sqlite_value, String.t(), String.t()}
  | {:cannot_execute, String.t()}
  | {:cannot_execute_pragma, String.t(), String.t()}
  | {:cannot_open_database, String.t(), integer(), String.t()}
  | {:constraint_violation, constraint_kind(), constraint_details()}
  | {:database_busy_or_locked, integer(), String.t()}
  | {:expected_keyword_list, String.t()}
  | {:expected_keyword_tuple, String.t()}
  | {:expected_list, String.t()}
  | {:from_sql_conversion_failure, non_neg_integer(), atom(), String.t()}
  | {:index_exists, String.t()}
  | {:integral_value_out_of_range, non_neg_integer(), integer()}
  | {:internal_encoding_error, String.t()}
  | {:invalid_authorizer_action, atom()}
  | {:invalid_column_index, non_neg_integer()}
  | {:invalid_column_name, String.t()}
  | {:invalid_column_type, non_neg_integer(), String.t(), atom()}
  | {:invalid_on_error, term()}
  | {:invalid_open_option,
     %{key: atom(), reason: :unknown_key, allowed: [atom()], value: nil}
     | %{
         key: atom(),
         reason: :invalid_value,
         value: term(),
         message: String.t()
       }}
  | {:invalid_pages_per_step, integer()}
  | {:invalid_parameter_count,
     %{provided: non_neg_integer(), expected: non_neg_integer()}}
  | {:invalid_parameter_name, String.t()}
  | {:invalid_pragma_name, String.t()}
  | {:invalid_stream_handle, String.t()}
  | {:lock_error, String.t()}
  | {:no_such_index, String.t()}
  | {:no_such_table, String.t()}
  | {:read_only_database, integer(), String.t()}
  | {:schema_changed, integer(), String.t()}
  | {:schema_parsing_error, String.t(), {:unexpected_value, String.t()}}
  | {:sql_input_error, sql_input_error()}
  | {:sqlite_failure, integer(), integer(), String.t() | nil}
  | {:table_exists, String.t()}
  | {:to_sql_conversion_failure, String.t()}
  | {:unsupported_atom, String.t()}
  | {:unsupported_data_type, atom()}
  | {:utf8_error, non_neg_integer(), String.t()}


      



  



  
    
      
    
    
      query_result()



        
          
        

    

  


  

      

          @type query_result() :: %{
  columns: [String.t()],
  rows: [[sqlite_value()]],
  num_rows: non_neg_integer()
}


      



  



  
    
      
    
    
      sql_input_error()



        
          
        

    

  


  

      

          @type sql_input_error() :: %{
  code: integer(),
  message: String.t(),
  sql: String.t(),
  offset: integer()
}


      



  



  
    
      
    
    
      sqlite_value()



        
          
        

    

  


  

      

          @type sqlite_value() :: integer() | float() | binary() | nil


      



  



  
    
      
    
    
      stmt()



        
          
        

    

  


  

      

          @type stmt() :: reference()


      



  



  
    
      
    
    
      storage_class()



        
          
        

    

  


  

      

          @type storage_class() :: :integer | :real | :text | :blob | nil


      



  



  
    
      
    
    
      stream_on_error()



        
          
        

    

  


  

      

          @type stream_on_error() :: :raise | :halt | :emit_error


      


Controls how stream/4 reacts to a mid-fetch error; see its :on_error
option for the per-mode element shapes.

  


        

      

      
        Functions


        


  
    
      
    
    
      autocommit(conn)



        
          
        

    

  


  

      

          @spec autocommit(conn()) :: {:ok, boolean()} | error()


      


Returns {:ok, true} when the connection is in auto-commit mode
(no active transaction), {:ok, false} otherwise.
The inverse view of transaction_status/1, matching SQLite's
sqlite3_get_autocommit. Wraps XqliteNIF.autocommit/1. No
telemetry is emitted.

  



    

  
    
      
    
    
      backup(conn, dest_path, schema \\ "main")



        
          
        

    

  


  

      

          @spec backup(conn(), String.t(), String.t()) :: :ok | error()


      


Backs up a schema to a file.
Copies the named schema (default "main") to the file at dest_path. The
destination is created or overwritten. The source remains readable during
the backup.

  



  
    
      
    
    
      backup_with_progress(conn, schema, dest_path, pid, pages_per_step, token_or_tokens)



        
          
        

    

  


  

      

          @spec backup_with_progress(
  conn(),
  String.t(),
  String.t(),
  pid(),
  pos_integer(),
  reference() | [reference()]
) :: :ok | error()


      


Online backup with progress messages and cancellation. Accepts either a
single cancel token or a list (OR-semantics).
Sends {:xqlite_backup_progress, remaining, pagecount} to pid after
each pages_per_step-page step. Returns {:error, :operation_cancelled}
if any token signals between steps.
pages_per_step must be a positive integer. A non-positive value returns
{:error, {:invalid_pages_per_step, value}} — passing 0 would otherwise
make SQLite copy no pages while reporting "more", spinning forever.

  



    

  
    
      
    
    
      begin(conn, mode \\ :deferred)



        
          
        

    

  


  

      

          @spec begin(conn(), :deferred | :immediate | :exclusive) :: :ok | error()


      


Begins a transaction in the given mode (:deferred, :immediate, or
:exclusive). Emits [:xqlite, :transaction, :begin] telemetry.

  



  
    
      
    
    
      bind(stmt, params)



        
          
        

    

  


  

      

          @spec bind(stmt(), list()) :: :ok | error()


      


Binds parameters to a prepared statement.
Accepts a plain list for positional placeholders (?1, ?2, …; the
count must match, otherwise {:error, {:invalid_parameter_count, %{provided: _, expected: _}}}) or a keyword list for named placeholders.
Once stepping has started, call reset/1 before rebinding — SQLite
rejects mid-run rebinds.

  



  
    
      
    
    
      busy_timeout(conn, ms)



        
          
        

    

  


  

      

          @spec busy_timeout(conn(), non_neg_integer()) :: :ok | error()


      


Sets a plain sqlite3_busy_timeout on the connection, replacing the
xqlite busy slot cleanly.
Calls remove_busy_policy/1 first, then sets
PRAGMA busy_timeout = ms. Note that the raw PRAGMA replaces the
whole C callback: any registered busy observers stop receiving
{:xqlite_busy, …} messages too — unregister them first if you want
their state reclaimed eagerly rather than at connection close.
Prefer this helper over reaching for PRAGMA busy_timeout directly:
the raw PRAGMA silently replaces the callback at the SQLite level
without clearing our internal slot. This function keeps both sides
consistent.
ms is the timeout in milliseconds. 0 disables the timeout entirely
(SQLite returns SQLITE_BUSY immediately on contention).

  



  
    
      
    
    
      cancel_operation(token)



        
          
        

    

  


  

      

          @spec cancel_operation(reference()) :: :ok | error()


      


Signals a cancellation token. Emits [:xqlite, :cancel, :signalled].
Idempotent at the SQLite level — signalling twice is the same as once.
Telemetry fires on every call, so consumers see distinct signal events
even from repeated signals.

  



  
    
      
    
    
      changes(conn)



        
          
        

    

  


  

      

          @spec changes(conn()) :: {:ok, non_neg_integer()} | error()


      


Returns the number of rows changed by the most recently completed
INSERT, UPDATE, or DELETE on this connection.
The counter is sticky: non-DML statements (SELECT, DDL, PRAGMA)
leave it untouched, so it reports the last DML's count rather than
resetting to 0. For an atomically captured count prefer query/4
or execute/4, whose Xqlite.Result.t/0 carries changes taken
inside the connection lock. Wraps XqliteNIF.changes/1. No
telemetry is emitted.

  



  
    
      
    
    
      check_strict_violations(conn, table)



        
          
        

    

  


  

      

          @spec check_strict_violations(conn(), String.t()) :: {:ok, [map()]} | error()


      


Checks an existing table for values that would violate STRICT typing rules.
Returns {:ok, []} if the table is clean, or {:ok, violations} where each
violation is a map with :rowid, :column, :actual_type, and :expected_type.
This is a read-only check — it does not modify the table.

  



  
    
      
    
    
      clear_bindings(stmt)



        
          
        

    

  


  

      

          @spec clear_bindings(stmt()) :: :ok | error()


      


Clears all parameter bindings on a prepared statement back to NULL.

  



  
    
      
    
    
      close(conn)



        
          
        

    

  


  

      

          @spec close(conn()) :: :ok


      


Closes the connection, releasing the underlying SQLite handle.
Idempotent: closing an already-closed connection returns :ok. Any
operation on a closed connection returns
{:error, :connection_closed}.
Finalize outstanding prepared statements before closing — a
connection closed while statements are outstanding keeps the
underlying SQLite handle alive until the owning process exits (see
prepare/2).
Emits [:xqlite, :close, :start | :stop] telemetry.

  



  
    
      
    
    
      column_names(stmt)



        
          
        

    

  


  

      

          @spec column_names(stmt()) :: {:ok, [String.t()]} | error()


      


Returns the result column names of a prepared statement.
Live statements reflect SQLite's auto-reprepare after schema changes
(e.g. SELECT * re-expansion); finalized statements answer with the
prepare-time snapshot.

  



  
    
      
    
    
      commit(conn)



        
          
        

    

  


  

      

          @spec commit(conn()) :: :ok | error()


      


Commits the current transaction. Emits [:xqlite, :transaction, :commit].

  



  
    
      
    
    
      compile_options(conn)



        
          
        

    

  


  

      

          @spec compile_options(conn()) :: {:ok, [String.t()]} | error()


      


Returns the compile-time options the linked SQLite library was
built with, as a list of strings (PRAGMA compile_options).
Useful to confirm features such as ENABLE_FTS5 are present. Wraps
XqliteNIF.compile_options/1. No telemetry is emitted.

  



  
    
      
    
    
      connection_stats(conn)



        
          
        

    

  


  

      

          @spec connection_stats(conn()) :: {:ok, map()} | error()


      


Returns a snapshot of the connection's sqlite3_db_status counters
(lookaside, pager cache, schema and statement memory, cache
hit/miss/spill, deferred foreign keys).
See XqliteNIF.connection_stats/1 for the full key list. Call
repeatedly for time-series monitoring. No telemetry is emitted.

  



  
    
      
    
    
      create_cancel_token()



        
          
        

    

  


  

      

          @spec create_cancel_token() :: {:ok, reference()} | error()


      


Creates a cancellation token. Emits [:xqlite, :cancel, :token_created].
The token is an opaque reference passed into cancellable operations
(query_cancellable/4, execute_cancellable/4, etc.). Signalling it via
cancel_operation/1 from any process interrupts in-flight cancellable
operations holding the same token.

  



  
    
      
    
    
      db_path(conn)



        
          
        

    

  


  

      

          @spec db_path(conn()) :: {:ok, String.t() | nil} | error()


      


Returns the filesystem path of the connection's main database.
{:ok, path} for file-backed databases, {:ok, nil} for in-memory
and temporary databases (they have no backing file). No telemetry
is emitted.

  



    

    

  
    
      
    
    
      deserialize(conn, data, schema \\ "main", read_only \\ false)



        
          
        

    

  


  

      

          @spec deserialize(conn(), binary(), String.t(), boolean()) :: :ok | error()


      


Deserializes a binary into a database, replacing its current contents.
The binary must be a valid SQLite database image (as produced by
serialize/2). After deserialization the connection operates on the new
database entirely in memory.
schema identifies which attached database to replace (default "main").
read_only marks the deserialized image as read-only (default false).

  



  
    
      
    
    
      disable_foreign_key_enforcement(conn)



        
          
        

    

  


  

      

          @spec disable_foreign_key_enforcement(conn()) :: {:ok, term()} | error()


      


Disables foreign key constraint enforcement for the given database connection (default behavior).
See enable_foreign_key_enforcement/1 for details.

  



  
    
      
    
    
      disable_strict_mode(conn)



        
          
        

    

  


  

      

          @spec disable_strict_mode(conn()) :: {:ok, term()} | error()


      


Disables strict mode only for the lifetime given database connection (SQLite's default).
See enable_strict_mode/1 for details.

  



  
    
      
    
    
      enable_foreign_key_enforcement(conn)



        
          
        

    

  


  

      

          @spec enable_foreign_key_enforcement(conn()) :: {:ok, term()} | error()


      


Enables foreign key constraint enforcement for the given database connection.
By default, SQLite parses foreign key constraints but does not enforce them.
This function turns on enforcement.
See: SQLite PRAGMA foreign_keys

  



    

  
    
      
    
    
      enable_load_extension(conn, enabled \\ true)



        
          
        

    

  


  

      

          @spec enable_load_extension(conn(), boolean()) :: :ok | error()


      


Enables or disables extension loading on the connection.
Defaults to true. Wraps XqliteNIF.enable_load_extension/2 and emits
[:xqlite, :extension, :enable] telemetry.

  



  
    
      
    
    
      enable_strict_mode(conn)



        
          
        

    

  


  

      

          @spec enable_strict_mode(conn()) :: {:ok, term()} | error()


      


Enables strict mode only for the lifetime of the given database connection.
In strict mode, SQLite is less forgiving. For example, an attempt to insert
a string into an INTEGER column of a STRICT table will result in an error,
whereas in normal mode it might be coerced or stored as text.
This setting only affects tables declared with the STRICT keyword.
See: STRICT Tables

  



  
    
      
    
    
      enable_strict_table(conn, table)



        
          
        

    

  


  

      

          @spec enable_strict_table(conn(), String.t()) :: :ok | {:error, term()}


      


Converts an existing table to STRICT mode via table rebuild.
This creates a new STRICT table, copies all data, drops the original, and
renames the new table — all inside a transaction.
If existing data violates STRICT typing rules, the operation fails with
{:error, {:strict_violations, violations}} where violations is a list
of maps from check_strict_violations/2. The original table is left untouched.
Options
None currently.
Examples
:ok = Xqlite.enable_strict_table(conn, "users")

  



    

    

  
    
      
    
    
      execute(conn, sql, params \\ [], opts \\ [])



        
          
        

    

  


  

      

          @spec execute(conn(), String.t(), list() | keyword(), keyword()) ::
  {:ok, Xqlite.Result.t()} | error()


      


Executes a non-returning SQL statement and returns a %Xqlite.Result{}.
For DML statements, changes contains the number of affected rows.
Options
	:type_extensions — a list of Xqlite.TypeExtension modules;
parameters are encoded through the chain before binding (there are
no result rows to decode). Default: [].


  



  
    
      
    
    
      execute_batch(conn, sql_batch)



        
          
        

    

  


  

      

          @spec execute_batch(conn(), String.t()) :: :ok | error()


      


Executes a SQL batch (multiple statements separated by semicolons).
Wraps XqliteNIF.execute_batch/2 and emits [:xqlite, :execute_batch, :*]
telemetry. No parameter binding inside the batch.

  



  
    
      
    
    
      execute_batch_cancellable(conn, sql_batch, token_or_tokens)



        
          
        

    

  


  

      

          @spec execute_batch_cancellable(conn(), String.t(), reference() | [reference()]) ::
  :ok | error()


      


Cancellable execute_batch/2. Accepts either a single cancel token or a list.

  



  
    
      
    
    
      execute_cancellable(conn, sql, params, token_or_tokens)



        
          
        

    

  


  

      

          @spec execute_cancellable(
  conn(),
  String.t(),
  list(),
  reference() | [reference()]
) :: {:ok, non_neg_integer()} | error()


      


Cancellable execute/3. Accepts either a single cancel token or a list.

  



    

  
    
      
    
    
      explain_analyze(conn, sql, params \\ [])



        
          
        

    

  


  

      

          @spec explain_analyze(conn(), String.t(), list() | keyword()) ::
  {:ok, Xqlite.ExplainAnalyze.t()} | error()


      


Runs a SQL statement and returns an %Xqlite.ExplainAnalyze{} report.
The statement is executed in full (rows are fetched and discarded). The
returned struct combines the static EXPLAIN QUERY PLAN tree with
runtime counters from sqlite3_stmt_scanstatus_v2 / sqlite3_stmt_status
and a wall-clock measurement around the execution. See
Xqlite.ExplainAnalyze for the field layout and how to interpret it.
Examples
iex> {:ok, conn} = Xqlite.open_in_memory()
iex> XqliteNIF.execute_batch(conn, "CREATE TABLE t(id INTEGER PRIMARY KEY, name TEXT); INSERT INTO t(name) VALUES ('a'), ('b');")
:ok
iex> {:ok, report} = Xqlite.explain_analyze(conn, "SELECT name FROM t WHERE name = ?", ["b"])
iex> match?(%Xqlite.ExplainAnalyze{}, report)
true

  



  
    
      
    
    
      finalize(stmt)



        
          
        

    

  


  

      

          @spec finalize(stmt()) :: :ok | error()


      


Finalizes a prepared statement, releasing its SQLite resources.
Idempotent — repeated finalization returns :ok. Prefer explicit
finalization over relying on garbage collection, and finalize before
closing the owning connection (see prepare/2).

  



  
    
      
    
    
      get_create_sql(conn, object_name)



        
          
        

    

  


  

      

          @spec get_create_sql(conn(), String.t()) :: {:ok, String.t() | nil} | error()


      


Returns the CREATE ... SQL for a schema object as recorded in
sqlite_schema, or {:ok, nil} when no object with that name
exists.
Wraps XqliteNIF.get_create_sql/2. No telemetry is emitted.

  



  
    
      
    
    
      get_pragma(conn, name)



        
          
        

    

  


  

      

          @spec get_pragma(conn(), String.t() | atom()) :: {:ok, term()} | error()


      


Reads a PRAGMA value from the connection.
Wraps XqliteNIF.get_pragma/2 and emits [:xqlite, :pragma, :get].

  



  
    
      
    
    
      last_insert_rowid(conn)



        
          
        

    

  


  

      

          @spec last_insert_rowid(conn()) :: {:ok, integer()} | error()


      


Returns the rowid of the most recent successful INSERT on this
connection.
Connection-specific and only updated by successful INSERTs. Does
not work for WITHOUT ROWID tables — use INSERT ... RETURNING
there. Wraps XqliteNIF.last_insert_rowid/1. No telemetry is
emitted.

  



    

  
    
      
    
    
      load_extension(conn, path, entry_point \\ nil)



        
          
        

    

  


  

      

          @spec load_extension(conn(), String.t(), String.t() | nil) :: :ok | error()


      


Loads a SQLite extension from the shared library at path.
entry_point is the extension's init function name; pass nil (default)
to let SQLite auto-detect. Extension loading must be enabled first via
enable_load_extension/2.

  



  
    
      
    
    
      multi_step(stmt, batch_size)



        
          
        

    

  


  

      

          @spec multi_step(stmt(), pos_integer()) ::
  {:ok, %{rows: [[sqlite_value()]], done: boolean()}} | error()


      


Advances a prepared statement up to batch_size rows.
Returns {:ok, %{rows: rows, done: done?}} — done: true means the
statement exhausted within this batch (fewer than batch_size rows may
be returned in that case) — or {:error, reason}.
Calling again after done: true without a reset/1 RERUNS the query
from the top (v2-prepared statements auto-reset when stepped past done —
SQLite semantics, same as step/1).

  



  
    
      
    
    
      multi_step_cancellable(stmt, batch_size, token_or_tokens)



        
          
        

    

  


  

      

          @spec multi_step_cancellable(stmt(), pos_integer(), reference() | [reference()]) ::
  {:ok, %{rows: [[sqlite_value()]], done: boolean()}} | error()


      


Like multi_step/2 but cancellable.
Accepts a single cancel token or a list (OR-semantics — any signalled
token aborts with {:error, :operation_cancelled}). Cancellation rides
the connection's progress handler, exactly like query_cancellable/4.
After a cancellation, reset/1 the statement before stepping it again.

  



    

  
    
      
    
    
      open(path, opts \\ [])



        
          
        

    

  


  

      

          @spec open(
  String.t(),
  keyword()
) :: {:ok, conn()} | error()


      


Opens a database connection with opinionated defaults and validated options.
All PRAGMAs are applied on the same connection immediately after opening,
with no window for another process to observe an unconfigured state.
Options
	:journal_mode - SQLite journal mode. :wal enables concurrent readers with a single writer. The default value is :wal.

	:busy_timeout (timeout/0) - Milliseconds to wait when the database is locked. :infinity waits forever. The default value is 5000.

	:foreign_keys (boolean/0) - Enable foreign key constraint enforcement. SQLite defaults to OFF. The default value is true.

	:synchronous - Synchronous mode. :normal is safe with WAL and significantly faster than :full. The default value is :normal.

	:cache_size (integer/0) - Page cache size. Negative values mean KB (e.g., -64000 = 64MB). SQLite default is 2MB. The default value is -64000.

	:temp_store - Where to store temporary tables and indices. The default value is :memory.

	:wal_autocheckpoint (non_neg_integer/0) - WAL auto-checkpoint threshold in pages. 0 disables auto-checkpoint. The default value is 1000.

	:mmap_size (non_neg_integer/0) - Memory-mapped I/O size in bytes. 0 disables mmap. The default value is 0.

	:auto_vacuum - Auto-vacuum mode. Must be set before creating any tables. The default value is :none.


Examples
{:ok, conn} = Xqlite.open("my.db")
{:ok, conn} = Xqlite.open("my.db", journal_mode: :delete, busy_timeout: 10_000)

  



    

  
    
      
    
    
      open_in_memory(opts \\ [])



        
          
        

    

  


  

      

          @spec open_in_memory(keyword()) :: {:ok, conn()} | error()


      


Opens an in-memory database with opinionated defaults and validated options.
Accepts the same options as open/2.

  



    

  
    
      
    
    
      open_in_memory_readonly(uri \\ ":memory:")



        
          
        

    

  


  

      

          @spec open_in_memory_readonly(String.t()) :: {:ok, conn()} | error()


      


Opens a read-only connection to an in-memory SQLite database.
Useful for connecting to a named shared-cache in-memory database opened
read-write by another connection — pass its URI as uri, or omit it to
open a private (empty) read-only :memory: database.
No PRAGMAs are applied; read-only databases can't persist most settings.

  



  
    
      
    
    
      open_readonly(path)



        
          
        

    

  


  

      

          @spec open_readonly(String.t()) :: {:ok, conn()} | error()


      


Opens a read-only connection to an existing database file.
Fails with a structured error if the file does not exist — read-only
opens never create. No PRAGMAs are applied; read-only databases
can't persist most settings. Writes fail with
{:error, {:read_only_database, extended_code, message}}.
Emits [:xqlite, :open, :start | :stop] telemetry with mode
:readonly.

  



  
    
      
    
    
      open_temporary()



        
          
        

    

  


  

      

          @spec open_temporary() :: {:ok, conn()} | error()


      


Opens a connection to a private temporary on-disk database.
SQLite backs it with an anonymous file it removes on close; the
database has no path — db_path/1 returns {:ok, nil}.
Emits [:xqlite, :open, :start | :stop] telemetry with mode
:temp and path: nil.

  



  
    
      
    
    
      prepare(conn, sql)



        
          
        

    

  


  

      

          @spec prepare(conn(), String.t()) :: {:ok, stmt()} | error()


      


Prepares a manually managed statement.
The lifecycle is prepare/2 → (bind/2 → step/1 / multi_step/2 →
reset/1)* → finalize/1. Preparing once and rebinding in a loop skips
SQL parsing/planning on every iteration — the reason prepared statements
exist. For one-shot calls, query/3 and execute/3 remain simpler.
Exactly ONE statement is compiled: whitespace/comment-only SQL returns
{:error, {:cannot_execute, reason}} and trailing statements after the
first return {:error, :multiple_statements} — nothing is silently
dropped.
Finalize statements before closing their connection: a connection closed
while statements are outstanding keeps the underlying SQLite handle alive
until the process exits (abandoned statements are still finalized by
garbage collection, and every operation on them after an explicit
Xqlite.close/1 returns {:error, :connection_closed}).
Steps are not cancellable; for cancellation use query_cancellable/4 and
friends. No telemetry is emitted for statement-lifecycle operations.
Examples
iex> {:ok, conn} = Xqlite.open_in_memory()
iex> {:ok, 0} = XqliteNIF.execute(conn, "CREATE TABLE pairs (a INTEGER, b TEXT)", [])
iex> {:ok, stmt} = Xqlite.prepare(conn, "INSERT INTO pairs (a, b) VALUES (?1, ?2)")
iex> for {a, b} <- [{1, "one"}, {2, "two"}] do
...>   :ok = Xqlite.bind(stmt, [a, b])
...>   :done = Xqlite.step(stmt)
...>   :ok = Xqlite.reset(stmt)
...> end
[:ok, :ok]
iex> Xqlite.finalize(stmt)
:ok
iex> {:ok, query} = Xqlite.prepare(conn, "SELECT a, b FROM pairs ORDER BY a")
iex> Xqlite.step(query)
{:row, [1, "one"]}
iex> Xqlite.multi_step(query, 10)
{:ok, %{rows: [[2, "two"]], done: true}}
iex> Xqlite.column_names(query)
{:ok, ["a", "b"]}
iex> Xqlite.finalize(query)
:ok

  



    

    

  
    
      
    
    
      query(conn, sql, params \\ [], opts \\ [])



        
          
        

    

  


  

      

          @spec query(conn(), String.t(), list() | keyword(), keyword()) ::
  {:ok, Xqlite.Result.t()} | error()


      


Executes a SQL query and returns a %Xqlite.Result{} struct.
For SELECT queries, num_rows is the count of returned rows and changes
is 0. For DML (INSERT/UPDATE/DELETE), num_rows is 0 (no result rows)
and changes is the number of affected rows.
Uses XqliteNIF.query_with_changes/3 which captures the affected row count
atomically inside the connection lock. For zero-overhead access without the
changes field, use XqliteNIF.query/3 directly.
Options
	:type_extensions — a list of Xqlite.TypeExtension modules.
Parameters are encoded through the chain before binding and result
rows are decoded through it after fetching (first match wins, same
semantics as stream/4). Default: [] (values pass through
untouched).


  



  
    
      
    
    
      query_cancellable(conn, sql, params, token_or_tokens)



        
          
        

    

  


  

      

          @spec query_cancellable(
  conn(),
  String.t(),
  list() | keyword(),
  reference() | [reference()]
) :: {:ok, query_result()} | error()


      


Cancellable query/3. Accepts either a single cancel token or a list of
tokens; OR-semantics — any signalled token interrupts the query.
See XqliteNIF.query_cancellable/4 for the raw NIF (list form only).

  



  
    
      
    
    
      query_with_changes_cancellable(conn, sql, params, token_or_tokens)



        
          
        

    

  


  

      

          @spec query_with_changes_cancellable(
  conn(),
  String.t(),
  list() | keyword(),
  reference() | [reference()]
) :: {:ok, map()} | error()


      


Cancellable query_with_changes/3. Accepts either a single cancel token or a list.

  



  
    
      
    
    
      register_busy_observer(conn, pid)



        
          
        

    

  


  

      

          @spec register_busy_observer(conn(), pid()) :: {:ok, non_neg_integer()} | error()


      


Registers a busy-contention observer on the connection.
Every SQLITE_BUSY callback invocation sends
{:xqlite_busy, retries_so_far, elapsed_ms}
to pid. Any number of observers can be registered — each gets its
own handle for unregister_busy_observer/2 — and they fire whether
or not a retry policy is installed. Xqlite.Telemetry.bridge/2 can
subscribe with hooks: [:busy] to re-emit deliveries as
[:xqlite, :hook, :busy] telemetry.

  



    

  
    
      
    
    
      register_progress_hook(conn, pid, opts \\ [])



        
          
        

    

  


  

      

          @spec register_progress_hook(conn(), pid(), keyword()) ::
  {:ok, non_neg_integer()} | error()


      


Registers a progress-tick subscriber on the connection.
After every ~64 SQLite VM instructions × every_n, sends
{:xqlite_progress, count, elapsed_ms}              # tag = nil
{:xqlite_progress, tag, count, elapsed_ms}         # tag set
to pid. count is the per-subscriber decimated counter; elapsed_ms
is the wall time since this specific subscriber was registered.
Multiple subscribers can coexist independently — each gets its own
opaque handle, and unregistering one never affects another.
Options
	:every_n (positive integer, default 1000) — emit every Nth
progress callback fire. The progress callback fires every 8 SQLite
VM instructions (currently fixed); every_n decimates further.
	:tag (atom, default nil) — included in each emitted message
as the second tuple element when set. Useful when a single
listener process subscribes to multiple connections and needs to
tell them apart without spawning a process per connection.

Returns {:ok, handle} where handle is the value to pass to
unregister_progress_hook/2. Returns {:error, reason} on failure.

  



  
    
      
    
    
      release_savepoint(conn, name)



        
          
        

    

  


  

      

          @spec release_savepoint(conn(), String.t()) :: :ok | error()


      


Releases a savepoint. Emits [:xqlite, :savepoint, :release].

  



  
    
      
    
    
      remove_authorizer(conn)



        
          
        

    

  


  

      

          @spec remove_authorizer(conn()) :: :ok | error()


      


Removes any authorizer installed on the connection.
Safe to call when none is installed (no-op). After removal, statement
preparation is unrestricted again.
No telemetry is emitted.

  



  
    
      
    
    
      remove_busy_policy(conn)



        
          
        

    

  


  

      

          @spec remove_busy_policy(conn()) :: :ok | error()


      


Removes the busy retry policy from the connection.
Observers registered with register_busy_observer/2 keep receiving
{:xqlite_busy, …} messages; without a policy SQLite surfaces
SQLITE_BUSY immediately after they fire. Safe to call when no
policy is installed.

  



  
    
      
    
    
      reset(stmt)



        
          
        

    

  


  

      

          @spec reset(stmt()) :: :ok | error()


      


Resets a prepared statement so it can be stepped from the start again.
Bindings are preserved (SQLite semantics); use clear_bindings/1 to drop
them to NULL. Always returns :ok for a live statement — sqlite3_reset's
return code echoes the most recent step error, not the reset itself.

  



    

  
    
      
    
    
      restore(conn, src_path, schema \\ "main")



        
          
        

    

  


  

      

          @spec restore(conn(), String.t(), String.t()) :: :ok | error()


      


Restores a schema from a file.
Replaces the named schema (default "main") with the contents of the file
at src_path. Existing data in that schema is overwritten.

  



  
    
      
    
    
      rollback(conn)



        
          
        

    

  


  

      

          @spec rollback(conn()) :: :ok | error()


      


Rolls back the current transaction. Emits
[:xqlite, :transaction, :rollback] with reason: :user_initiated.
SQLite-internal rollbacks (constraint violations, deferred-FK failures
at commit time) surface as errors from commit/1 rather than passing
through here — those events come from the register_rollback_hook/2
fan-out instead.

  



  
    
      
    
    
      rollback_to_savepoint(conn, name)



        
          
        

    

  


  

      

          @spec rollback_to_savepoint(conn(), String.t()) :: :ok | error()


      


Rolls back to a savepoint without releasing it. Emits
[:xqlite, :savepoint, :rollback_to].
Note: this does NOT invoke SQLite's rollback_hook — that fires only
for outer-transaction rollbacks. Use register_rollback_hook/2 for
outer rollback observability; this telemetry event is what's
available for partial-rollback observability.

  



  
    
      
    
    
      savepoint(conn, name)



        
          
        

    

  


  

      

          @spec savepoint(conn(), String.t()) :: :ok | error()


      


Creates a savepoint with the given name. Emits
[:xqlite, :savepoint, :create].

  



  
    
      
    
    
      schema_columns(conn, table_name)



        
          
        

    

  


  

      

          @spec schema_columns(conn(), String.t()) ::
  {:ok, [Xqlite.Schema.ColumnInfo.t()]} | error()


      


Returns column details for a table or view as
Xqlite.Schema.ColumnInfo structs (PRAGMA table_xinfo), or
{:ok, []} when the table does not exist.
Wraps XqliteNIF.schema_columns/2. No telemetry is emitted.

  



  
    
      
    
    
      schema_databases(conn)



        
          
        

    

  


  

      

          @spec schema_databases(conn()) :: {:ok, [Xqlite.Schema.DatabaseInfo.t()]} | error()


      


Lists all databases attached to the connection as
Xqlite.Schema.DatabaseInfo structs (PRAGMA database_list).
Wraps XqliteNIF.schema_databases/1. No telemetry is emitted.

  



  
    
      
    
    
      schema_foreign_keys(conn, table_name)



        
          
        

    

  


  

      

          @spec schema_foreign_keys(conn(), String.t()) ::
  {:ok, [Xqlite.Schema.ForeignKeyInfo.t()]} | error()


      


Returns the foreign keys defined on a table as
Xqlite.Schema.ForeignKeyInfo structs (PRAGMA foreign_key_list).
Wraps XqliteNIF.schema_foreign_keys/2. No telemetry is emitted.

  



  
    
      
    
    
      schema_index_columns(conn, index_name)



        
          
        

    

  


  

      

          @spec schema_index_columns(conn(), String.t()) ::
  {:ok, [Xqlite.Schema.IndexColumnInfo.t()]} | error()


      


Returns the columns of an index as Xqlite.Schema.IndexColumnInfo
structs (PRAGMA index_xinfo), ordered by position in the index.
Wraps XqliteNIF.schema_index_columns/2. No telemetry is emitted.

  



  
    
      
    
    
      schema_indexes(conn, table_name)



        
          
        

    

  


  

      

          @spec schema_indexes(conn(), String.t()) ::
  {:ok, [Xqlite.Schema.IndexInfo.t()]} | error()


      


Returns all indexes on a table as Xqlite.Schema.IndexInfo structs
(PRAGMA index_list), including those backing PRIMARY KEY and
UNIQUE constraints.
Wraps XqliteNIF.schema_indexes/2. No telemetry is emitted.

  



    

  
    
      
    
    
      schema_list_objects(conn, schema \\ nil)



        
          
        

    

  


  

      

          @spec schema_list_objects(conn(), String.t() | nil) ::
  {:ok, [Xqlite.Schema.SchemaObjectInfo.t()]} | error()


      


Lists tables, views, and virtual tables as
Xqlite.Schema.SchemaObjectInfo structs (PRAGMA table_list).
schema defaults to nil; pass "main", "temp", or an attached
database name for predictable results. Wraps
XqliteNIF.schema_list_objects/2. No telemetry is emitted.

  



    

  
    
      
    
    
      serialize(conn, schema \\ "main")



        
          
        

    

  


  

      

          @spec serialize(conn(), String.t()) :: {:ok, binary()} | error()


      


Serializes a database to a contiguous binary.
Returns a binary snapshot of the entire database — an atomic, point-in-time
copy. No pages are locked during serialization.
schema identifies which attached database to serialize. Defaults to
"main". Use "temp" for the temp database or the name of an attached
database.

  



  
    
      
    
    
      set_authorizer(conn, denied_actions)



        
          
        

    

  


  

      

          @spec set_authorizer(conn(), [atom()]) :: :ok | error()


      


Installs a deny-list authorizer on the connection.
SQLite consults an authorizer callback while preparing every statement.
This installs one that denies a fixed set of action kinds: if a statement
attempts any denied action, preparation fails and the call returns
{:error, {:authorization_denied, extended_code, message}} (the extended
code is SQLite's SQLITE_AUTH family). Everything else is allowed.
denied_actions is a list of action-kind atoms. The set mirrors SQLite's
authorizer action codes — :select, :read, :insert, :update,
:delete, :transaction, :savepoint, :pragma, :attach, :detach,
:alter_table, :reindex, :analyze, :function, :recursive, the
create_* / drop_* object verbs (:create_table, :drop_index,
:create_trigger, :create_view, :create_vtable, :drop_vtable, …)
including their *_temp_* variants, and :unknown for action codes a
future SQLite reports that this build does not map. An unrecognized atom
returns {:error, {:invalid_authorizer_action, atom}} and installs
nothing — the list is validated in full before anything changes.
Single slot per connection: a second call replaces the previous list, and
remove_authorizer/1 clears it. Both are idempotent.
Limits (v1)
	Action-kind granularity only. The decision is made purely on the
action kind; the table, column, trigger and database arguments SQLite
passes to the authorizer are ignored. You cannot (yet) deny DELETE on
one table while allowing it on another.
	Deny-only. An action is allowed or denied (SQLite's DENY). The
IGNORE disposition (silently treat the access as a NULL/no-op) is not
exposed.

Caveat — denying :pragma disables get_pragma/set_pragma
XqliteNIF.get_pragma/2 and set_pragma/3 run PRAGMA statements, which
SQLite authorizes as the :pragma action; the schema-introspection helpers
lean on PRAGMAs too. Denying :pragma therefore makes all of them fail with
{:error, {:authorization_denied, _, _}}. Deny it only when you intend to lock
those paths out as well.
No telemetry is emitted for authorizer install/remove or for denials.
Examples
iex> {:ok, conn} = Xqlite.open_in_memory()
iex> XqliteNIF.execute(conn, "CREATE TABLE t(id INTEGER)", [])
{:ok, 0}
iex> Xqlite.set_authorizer(conn, [:delete])
:ok
iex> match?({:error, {:authorization_denied, _, _}}, XqliteNIF.execute(conn, "DELETE FROM t", []))
true
iex> match?({:ok, _}, XqliteNIF.query(conn, "SELECT id FROM t", []))
true
iex> Xqlite.set_authorizer(conn, [:bogus])
{:error, {:invalid_authorizer_action, :bogus}}
iex> Xqlite.remove_authorizer(conn)
:ok
iex> XqliteNIF.execute(conn, "DELETE FROM t", [])
{:ok, 0}

  



    

  
    
      
    
    
      set_busy_policy(conn, opts \\ [])



        
          
        

    

  


  

      

          @spec set_busy_policy(
  conn(),
  keyword()
) :: :ok | error()


      


Sets the busy retry POLICY on the connection.
When SQLite encounters a locked database (another writer holds
RESERVED+) the policy decides whether to retry or surface
SQLITE_BUSY to the caller. The policy is single-slot by design — a
retry decision cannot compose. To OBSERVE contention (telemetry,
structured logging, adaptive backoff), register any number of
subscribers with register_busy_observer/2; the two halves are
independent.
Options
	:max_retries (non-negative integer, default 50) — stop after this
many retries and let the caller see SQLITE_BUSY.
	:max_elapsed_ms (non-negative integer, default 5_000) — absolute
time ceiling in milliseconds from the busy slot's first installation.
	:sleep_ms (non-negative integer, default 10) — milliseconds to
sleep between retries. Zero disables the pause (tight spin; rarely
what you want).

Replacing an existing policy is atomic; observers are unaffected.
Note — a busy sleep pins the connection
sleep_ms sleeps on the thread holding the connection mutex, so while
a retry waits, that connection is pinned: other operations on the
same connection block until the sleep-and-retry resolves. Different
connections are unaffected. Budget sleep_ms × max_retries
accordingly.
Warning — PRAGMA busy_timeout silently replaces the callback
Running PRAGMA busy_timeout = N (or XqliteNIF.set_pragma(conn, "busy_timeout", ms)) replaces our C callback with SQLite's built-in
sleep-and-retry one: the policy stops applying AND every busy
observer silently stops receiving {:xqlite_busy, …} messages. No
memory is leaked — the internal state is reclaimed on the next slot
mutation or connection close. To switch to plain-timeout semantics
without surprises, use busy_timeout/2.

  



  
    
      
    
    
      set_pragma(conn, name, value)



        
          
        

    

  


  

      

          @spec set_pragma(conn(), String.t() | atom(), term()) :: {:ok, term()} | error()


      


Sets a PRAGMA value on the connection.
Wraps XqliteNIF.set_pragma/3 and emits [:xqlite, :pragma, :set].

  



  
    
      
    
    
      sqlite_version()



        
          
        

    

  


  

      

          @spec sqlite_version() :: {:ok, String.t()} | error()


      


Returns the version string of the linked SQLite C library.
Needs no connection. Wraps XqliteNIF.sqlite_version/0. No
telemetry is emitted.

  



  
    
      
    
    
      step(stmt)



        
          
        

    

  


  

      

          @spec step(stmt()) :: {:row, [sqlite_value()]} | :done | error()


      


Advances a prepared statement one row.
Returns {:row, values}, :done when exhausted, or {:error, reason}.
Stepping past :done without a reset/1 returns whatever SQLite reports
for the re-step (a fresh automatic rerun on modern SQLite).

  



    

    

  
    
      
    
    
      stream(conn, sql, params \\ [], opts \\ [])



        
          
        

    

  


  

      

          @spec stream(conn(), String.t(), list() | keyword(), keyword()) ::
  Enumerable.t() | error()


      


Creates a stream that executes a query and emits rows as string-keyed maps.
This provides a high-level, idiomatic Elixir Stream for processing large
result sets without loading them all into memory at once. Rows are fetched
from the database in batches as the stream is consumed.
Options
	:batch_size (integer, default: 500) - The maximum number of rows
to fetch from the database in a single batch.
	:type_extensions (list of modules, default: []) - A list of modules
implementing the Xqlite.TypeExtension behaviour. Parameters are encoded
before binding, and result values are decoded as rows are fetched.
Extensions are applied in list order; the first match wins.
	:on_error (:raise | :halt | :emit_error, default: :raise) -
How a mid-fetch error (e.g. an invalid-UTF-8 TEXT value) is surfaced.
The stream's element shape FOLLOWS the mode:
	:raise (default) - happy path yields raw row maps; a mid-fetch
error raises Xqlite.StreamError, whose :reason field holds the
structured error term. A failed read can never masquerade as a
completed stream.
	:halt - happy path yields raw row maps; a mid-fetch error is
logged and the stream stops. LOSSY: the result set is silently
truncated and the consumer receives no error signal.
	:emit_error - yields a uniformly tagged stream: {:ok, row} for
each row, followed by a terminal {:error, reason} on failure.
An unsupported value returns {:error, {:invalid_on_error, value}} at
stream open.



Examples
iex> {:ok, conn} = Xqlite.open_in_memory()
iex> XqliteNIF.execute_batch(conn, "CREATE TABLE users(id, name); INSERT INTO users VALUES (1, 'Alice'), (2, 'Bob');")
:ok
iex> Xqlite.stream(conn, "SELECT id, name FROM users;") |> Enum.to_list()
[%{"id" => 1, "name" => "Alice"}, %{"id" => 2, "name" => "Bob"}]
Returns an Enumerable.t() on success or {:error, reason} on setup failure.
Callers must pattern-match the result before piping — this is intentional,
as returning a stream that silently errors on first consume would hide
setup failures (e.g., invalid SQL, closed connection).
Errors that occur during stream consumption (e.g. an invalid-UTF-8 value,
or the connection being lost mid-stream) are surfaced according to the
:on_error option above — by default they raise Xqlite.StreamError.

  



  
    
      
    
    
      total_changes(conn)



        
          
        

    

  


  

      

          @spec total_changes(conn()) :: {:ok, non_neg_integer()} | error()


      


Returns the total number of rows changed by all INSERT, UPDATE,
and DELETE statements since the connection was opened, including
changes made by triggers. Wraps XqliteNIF.total_changes/1. No
telemetry is emitted.

  



  
    
      
    
    
      transaction_status(conn)



        
          
        

    

  


  

      

          @spec transaction_status(conn()) :: {:ok, boolean()} | error()


      


Returns whether the connection is currently inside a transaction.
{:ok, true} after begin/2 and before commit/1 or
rollback/1, {:ok, false} in autocommit mode. Wraps
XqliteNIF.transaction_status/1. No telemetry is emitted.

  



    

  
    
      
    
    
      txn_state(conn, schema \\ nil)



        
          
        

    

  


  

      

          @spec txn_state(conn(), String.t() | nil) ::
  {:ok, :none | :read | :write | :unknown} | error()


      


Returns the transaction state of a schema: :none, :read,
:write, or :unknown (a future SQLite state not mapped yet).
schema defaults to nil, meaning "main". Wraps
XqliteNIF.txn_state/2 (see it for why there is no full five-state
lock ladder). No telemetry is emitted.

  



  
    
      
    
    
      unregister_busy_observer(conn, handle)



        
          
        

    

  


  

      

          @spec unregister_busy_observer(conn(), non_neg_integer()) :: :ok | error()


      


Unregisters a busy-contention observer by handle.
Idempotent — an unknown or already-removed handle is a no-op.

  



  
    
      
    
    
      unregister_progress_hook(conn, handle)



        
          
        

    

  


  

      

          @spec unregister_progress_hook(conn(), non_neg_integer()) :: :ok | error()


      


Unregisters a progress-tick subscriber by handle.
Idempotent — unregistering an unknown handle returns :ok. Returns
{:error, :connection_closed} if the connection is closed.

  



    

    

  
    
      
    
    
      wal_checkpoint(conn, mode \\ :passive, schema \\ "main")



        
          
        

    

  


  

      

          @spec wal_checkpoint(conn(), atom(), String.t()) :: {:ok, map()} | error()


      


Performs a WAL checkpoint on the connection.
mode is one of :passive (default), :full, :restart, or :truncate.
schema is the attached-database name (default "main").
Returns {:ok, %{log_pages, checkpointed_pages, busy?}} on success.

  


        

      


  

    
Xqlite.ExplainAnalyze 
    



      
Structured report from Xqlite.explain_analyze/3.
Combines SQLite's static plan (EXPLAIN QUERY PLAN) with runtime stats
collected via sqlite3_stmt_scanstatus_v2 and sqlite3_stmt_status, plus
a wall-clock timer around the execution.
Fields
	:wall_time_ns — nanoseconds the statement spent inside sqlite3_step,
measured with std::time::Instant on the Rust side.
	:rows_produced — how many rows the statement returned. Always 0 for
DML without RETURNING.
	:stmt_counters — statement-level counters. See
sqlite3_stmt_status.
Notable entries:	:fullscan_step — rows iterated via full-table scan, index included.
Non-zero generally means a missing index.
	:vm_step — total VDBE instructions executed.
	:sort — rows sorted by ORDER BY / GROUP BY.
	:memused_bytes — peak memory used by the statement.


	:scans — per-loop runtime stats. One entry per scan node in the
executed plan. Keys per entry: :loops, :rows_visited,
:estimated_rows, :name, :explain, :selectid, :parentid. A big
gap between :rows_visited and :estimated_rows hints at stale
ANALYZE data or a mis-estimated join.
	:query_plan — rows from EXPLAIN QUERY PLAN. One entry per plan node,
with :id, :parent, and :detail (the human-readable "SCAN table"
/ "SEARCH table USING INDEX ..." line).

SQLite has no per-operator wall time
Postgres's EXPLAIN (ANALYZE) attributes wall time to every plan node.
SQLite does not. We report a whole-statement wall time plus per-loop row
counts and estimates, and you infer hot spots from the combination.
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        query_plan_row()
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    Functions
  


    
      
        from_map(map)

      


        Converts the raw NIF report map into an %Xqlite.ExplainAnalyze{} struct.
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          @type query_plan_row() :: %{id: integer(), parent: integer(), detail: String.t()}
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          @type scan() :: %{
  loops: non_neg_integer(),
  rows_visited: non_neg_integer(),
  estimated_rows: float(),
  name: String.t(),
  explain: String.t(),
  selectid: integer(),
  parentid: integer()
}


      



  



  
    
      
    
    
      stmt_counters()



        
          
        

    

  


  

      

          @type stmt_counters() :: %{
  fullscan_step: integer(),
  sort: integer(),
  autoindex: integer(),
  vm_step: integer(),
  reprepare: integer(),
  run: integer(),
  filter_miss: integer(),
  filter_hit: integer(),
  memused_bytes: integer()
}
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          @type t() :: %Xqlite.ExplainAnalyze{
  query_plan: [query_plan_row()],
  rows_produced: non_neg_integer(),
  scans: [scan()],
  stmt_counters: stmt_counters(),
  wall_time_ns: non_neg_integer()
}
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      from_map(map)



        
          
        

    

  


  

      

          @spec from_map(map()) :: t()


      


Converts the raw NIF report map into an %Xqlite.ExplainAnalyze{} struct.

  


        

      


  

    
Xqlite.Pragma 
    



      
Deals with Sqlite pragmas.
This module deliberately omits the PRAGMAs that are deprecated, or are used with non-standard
sqlite compile options, or are intended for testing sqlite.
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    Functions
  


    
      
        all()

      


        Returns the names of all PRAGMAs supported by this library.



    


    
      
        get(db, key, arg_or_opts \\ [], opts \\ [])

      


        Fetches a PRAGMA's value, optionally specifying an extra argument



    


    
      
        index_info(db, name, opts \\ [])

      


        Returns column information for the given index.



    


    
      
        index_list(db, name, opts \\ [])

      


        Returns the list of indexes for the given table.



    


    
      
        index_xinfo(db, name, opts \\ [])

      


        Returns extended column information for the given index, including key vs auxiliary columns.



    


    
      
        put(db, key, val, opts \\ [])

      


        Changes a PRAGMA's value.



    


    
      
        query_to_pragma_result(err)

      


        A convenience wrapper to extract the :rows from a successful XqliteNIF.query/3 call.



    


    
      
        readable_with_one_arg()

      


        Returns the names of all readable PRAGMAs that require one argument.



    


    
      
        readable_with_zero_args()

      


        Returns the names of all readable PRAGMAs that don't require an argument.



    


    
      
        returning_boolean()

      


        Returns the names of all pragmas that return a boolean.



    


    
      
        returning_int()

      


        Returns the names of all pragmas that return an integer.



    


    
      
        returning_list()

      


        Returns the names of all pragmas that return a list.



    


    
      
        returning_nothing()

      


        Returns the names of all pragmas that return nothing.



    


    
      
        returning_text()

      


        Returns the names of all pragmas that return text.



    


    
      
        schema()

      


        Returns a map of all supported PRAGMAs keyed by name, with %PragmaSpec{}
structs describing each PRAGMA's capabilities.



    


    
      
        table_info(db, name, opts \\ [])

      


        Returns column information for the given table.



    


    
      
        table_xinfo(db, name, opts \\ [])

      


        Returns extended column information for the given table, including hidden and generated columns.



    


    
      
        valid_write_arg_values()

      


        Returns a map of writable PRAGMAs to their allowed value specs.



    


    
      
        writable()

      


        Returns the names of all writable PRAGMAs.



    





      


      
        Types


        


  
    
      
    
    
      auto_vacuum_key()



        
          
        

    

  


  

      

          @type auto_vacuum_key() :: 0 | 1 | 2


      



  



  
    
      
    
    
      auto_vacuum_value()



        
          
        

    

  


  

      

          @type auto_vacuum_value() :: :none | :full | :incremental


      



  



  
    
      
    
    
      get_result()



        
          
        

    

  


  

      

          @type get_result() ::
  {:ok, integer() | float() | boolean() | atom() | String.t() | list() | nil}
  | Xqlite.error()


      



  



  
    
      
    
    
      list_result()



        
          
        

    

  


  

      

          @type list_result() :: {:ok, list()} | Xqlite.error()


      



  



  
    
      
    
    
      name()



        
          
        

    

  


  

      

          @type name() :: String.t()


      



  



  
    
      
    
    
      pragma_key()



        
          
        

    

  


  

      

          @type pragma_key() :: String.t() | atom()


      



  



  
    
      
    
    
      pragma_opts()



        
          
        

    

  


  

      

          @type pragma_opts() :: keyword()


      



  



  
    
      
    
    
      pragma_value()



        
          
        

    

  


  

      

          @type pragma_value() :: String.t() | integer() | boolean() | atom()


      



  



  
    
      
    
    
      secure_delete_key()



        
          
        

    

  


  

      

          @type secure_delete_key() :: 0 | 1 | 2


      



  



  
    
      
    
    
      secure_delete_value()



        
          
        

    

  


  

      

          @type secure_delete_value() :: true | false | :fast


      



  



  
    
      
    
    
      synchronous_key()



        
          
        

    

  


  

      

          @type synchronous_key() :: 0 | 1 | 2 | 3


      



  



  
    
      
    
    
      synchronous_value()



        
          
        

    

  


  

      

          @type synchronous_value() :: :off | :normal | :full | :extra


      



  



  
    
      
    
    
      temp_store_key()



        
          
        

    

  


  

      

          @type temp_store_key() :: 0 | 1 | 2


      



  



  
    
      
    
    
      temp_store_value()



        
          
        

    

  


  

      

          @type temp_store_value() :: :default | :file | :memory


      



  


        

      

      
        Functions


        


  
    
      
    
    
      all()



        
          
        

    

  


  

      

          @spec all() :: [atom()]


      


Returns the names of all PRAGMAs supported by this library.

  



    

    

  
    
      
    
    
      get(db, key, arg_or_opts \\ [], opts \\ [])



        
          
        

    

  


  

      

          @spec get(Xqlite.conn(), pragma_key(), pragma_key() | pragma_opts(), pragma_opts()) ::
  get_result()


      


Fetches a PRAGMA's value, optionally specifying an extra argument:
	get(db, :auto_vacuum) is a PRAGMA that does not require an extra argument.
	get(db, :table_info, :users) is a PRAGMA that does require an extra argument.

The last argument is a list of options:
	:db_name - must be a string. The values "main" and "temp" are treated specially,
as in  instruct sqlite to use the main (originally opened) database or a temporary DB
respectively. Any other value refers to a name of an ATTACH-ed database. This function
will fail if there is no ATTACH-ed database with the specified name.


  



    

  
    
      
    
    
      index_info(db, name, opts \\ [])



        
          
        

    

  


  

      

          @spec index_info(Xqlite.conn(), name(), pragma_opts()) :: list_result()


      


Returns column information for the given index.

  



    

  
    
      
    
    
      index_list(db, name, opts \\ [])



        
          
        

    

  


  

      

          @spec index_list(Xqlite.conn(), name(), pragma_opts()) :: list_result()


      


Returns the list of indexes for the given table.

  



    

  
    
      
    
    
      index_xinfo(db, name, opts \\ [])



        
          
        

    

  


  

      

          @spec index_xinfo(Xqlite.conn(), name(), pragma_opts()) :: list_result()


      


Returns extended column information for the given index, including key vs auxiliary columns.

  



    

  
    
      
    
    
      put(db, key, val, opts \\ [])



        
          
        

    

  


  

      

          @spec put(Xqlite.conn(), pragma_key(), pragma_value(), pragma_opts()) ::
  {:ok, term()} | Xqlite.error()


      


Changes a PRAGMA's value.
Options
	:db_name (string) - Target a specific attached database schema.
"main" and "temp" are built-in; other values refer to ATTACH-ed databases.


  



  
    
      
    
    
      query_to_pragma_result(err)



        
          
        

    

  


  

      

          @spec query_to_pragma_result({:ok, Xqlite.query_result()} | Xqlite.error()) ::
  list_result()


      


A convenience wrapper to extract the :rows from a successful XqliteNIF.query/3 call.

  



  
    
      
    
    
      readable_with_one_arg()



        
          
        

    

  


  

      

          @spec readable_with_one_arg() :: [atom()]


      


Returns the names of all readable PRAGMAs that require one argument.

  



  
    
      
    
    
      readable_with_zero_args()



        
          
        

    

  


  

      

          @spec readable_with_zero_args() :: [atom()]


      


Returns the names of all readable PRAGMAs that don't require an argument.

  



  
    
      
    
    
      returning_boolean()



        
          
        

    

  


  

      

          @spec returning_boolean() :: [atom()]


      


Returns the names of all pragmas that return a boolean.

  



  
    
      
    
    
      returning_int()



        
          
        

    

  


  

      

          @spec returning_int() :: [atom()]


      


Returns the names of all pragmas that return an integer.

  



  
    
      
    
    
      returning_list()



        
          
        

    

  


  

      

          @spec returning_list() :: [atom()]


      


Returns the names of all pragmas that return a list.

  



  
    
      
    
    
      returning_nothing()



        
          
        

    

  


  

      

          @spec returning_nothing() :: [atom()]


      


Returns the names of all pragmas that return nothing.

  



  
    
      
    
    
      returning_text()



        
          
        

    

  


  

      

          @spec returning_text() :: [atom()]


      


Returns the names of all pragmas that return text.

  



  
    
      
    
    
      schema()



        
          
        

    

  


  

      

          @spec schema() :: %{required(atom()) => Xqlite.PragmaSpec.t()}


      


Returns a map of all supported PRAGMAs keyed by name, with %PragmaSpec{}
structs describing each PRAGMA's capabilities.

  



    

  
    
      
    
    
      table_info(db, name, opts \\ [])



        
          
        

    

  


  

      

          @spec table_info(Xqlite.conn(), name(), pragma_opts()) :: list_result()


      


Returns column information for the given table.

  



    

  
    
      
    
    
      table_xinfo(db, name, opts \\ [])



        
          
        

    

  


  

      

          @spec table_xinfo(Xqlite.conn(), name(), pragma_opts()) :: list_result()


      


Returns extended column information for the given table, including hidden and generated columns.

  



  
    
      
    
    
      valid_write_arg_values()



        
          
        

    

  


  

      

          @spec valid_write_arg_values() :: %{required(atom()) => Range.t() | list()}


      


Returns a map of writable PRAGMAs to their allowed value specs.

  



  
    
      
    
    
      writable()



        
          
        

    

  


  

      

          @spec writable() :: [atom()]


      


Returns the names of all writable PRAGMAs.

  


        

      


  

    
Xqlite.Result 
    



      
A struct representing the result of a query.
Implements the Table.Reader protocol, making results directly
consumable by libraries like Explorer, Kino, VegaLite, etc.
Fields
	:columns — list of column name strings
	:rows — list of rows, each row being a list of values
	:num_rows — number of result rows returned
	:changes — number of rows modified by the last DML statement
(INSERT/UPDATE/DELETE). For SELECT queries this is 0.


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_map(map)

      


        Converts a raw NIF query result map into a Xqlite.Result struct.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Xqlite.Result{
  changes: non_neg_integer(),
  columns: [String.t()],
  num_rows: non_neg_integer(),
  rows: [[term()]]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from_map(map)



        
          
        

    

  


  

      

          @spec from_map(%{
  columns: [String.t()],
  rows: [[term()]],
  num_rows: non_neg_integer()
}) :: t()


      


Converts a raw NIF query result map into a Xqlite.Result struct.

  


        

      


  

    
Xqlite.TypeExtension behaviour
    



      
Behaviour for converting between Elixir types and SQLite storage values.
SQLite supports five storage types: NULL, INTEGER, REAL, TEXT, and BLOB.
Type extensions bridge the gap between richer Elixir types (DateTime, Date,
custom structs) and these storage types.
Callbacks
	encode/1 — converts an Elixir term to a SQLite-compatible value.
Return {:ok, sqlite_value} on success or :skip to pass to the next
extension in the chain.

	decode/1 — converts a SQLite value back to an Elixir term.
Return {:ok, elixir_term} on success or :skip to pass to the next
extension.


Built-in extensions
	Xqlite.TypeExtension.DateTime — DateTime ↔ ISO 8601 text
(offsets included both ways, so timezone-aware round-trips work)
	Xqlite.TypeExtension.NaiveDateTime — NaiveDateTime ↔ ISO 8601 text
	Xqlite.TypeExtension.Date — Date ↔ YYYY-MM-DD text
	Xqlite.TypeExtension.Time — Time ↔ HH:MM:SS text
	Xqlite.TypeExtension.Instant — DateTime → int64 epoch
nanoseconds (encode-only; the integer alternative to DateTime)
	Xqlite.TypeExtension.Duration — exact-unit Duration → int64
nanoseconds (encode-only; Elixir 1.17+)
	Xqlite.TypeExtension.JSON — plain maps/lists ↔ JSON text
	Xqlite.TypeExtension.UUID — canonical UUID text ↔ compact 16-byte value
	Xqlite.TypeExtension.Decimal — Decimal → TEXT (encode-only; needs the
optional :decimal dependency)

Arrays need no dedicated extension — Xqlite.TypeExtension.JSON
encodes and decodes lists.
Extension ordering
Extensions are applied in list order. The first extension that returns
{:ok, value} wins — remaining extensions are not consulted. This matters
most for decode/1, where multiple extensions might match the same value.
Place more specific extensions before general, shape-driven ones: JSON
decodes any JSON-shaped TEXT and UUID decodes any 16-byte binary, so a
narrower converter must precede them to win.
Example
defmodule MyApp.DecimalExtension do
  @behaviour Xqlite.TypeExtension

  @impl true
  def encode(%Decimal{} = d), do: {:ok, Decimal.to_string(d)}
  def encode(_), do: :skip

  @impl true
  def decode(_), do: :skip
end

# Usage with Xqlite.stream/4:
Xqlite.stream(conn, "SELECT amount FROM payments", [],
  type_extensions: [MyApp.DecimalExtension, Xqlite.TypeExtension.DateTime])

      


      
        Summary


  
    Callbacks
  


    
      
        decode(value)

      


        Converts a SQLite storage value back to an Elixir term.



    


    
      
        encode(value)

      


        Converts an Elixir term to a SQLite-compatible storage value.



    





  
    Functions
  


    
      
        decode_rows(rows, extensions)

      


        Decodes result rows through the extension chain.



    


    
      
        decode_value(value, list)

      


        Decodes a single value through the extension chain.



    


    
      
        encode_params(params, extensions)

      


        Encodes a list of query parameters through the extension chain.



    


    
      
        encode_value(value, list)

      


        Encodes a single value through the extension chain.



    





      


      
        Callbacks


        


  
    
      
    
    
      decode(value)



        
          
        

    

  


  

      

          @callback decode(value :: Xqlite.sqlite_value()) :: {:ok, term()} | :skip


      


Converts a SQLite storage value back to an Elixir term.
Return {:ok, elixir_term} on successful conversion. Return :skip
if this extension does not handle the given value.

  



  
    
      
    
    
      encode(value)



        
          
        

    

  


  

      

          @callback encode(value :: term()) :: {:ok, Xqlite.sqlite_value()} | :skip


      


Converts an Elixir term to a SQLite-compatible storage value.
Return {:ok, sqlite_value} where sqlite_value is an integer, float,
binary, or nil. Return :skip if this extension does not handle the
given value.

  


        

      

      
        Functions


        


  
    
      
    
    
      decode_rows(rows, extensions)



        
          
        

    

  


  

      

          @spec decode_rows(rows :: [[term()]], extensions :: [module()]) :: [[term()]]


      


Decodes result rows through the extension chain.
Each cell in each row is passed through the extension chain.
Values that no extension handles pass through unchanged.

  



  
    
      
    
    
      decode_value(value, list)



        
          
        

    

  


  

      

          @spec decode_value(value :: term(), extensions :: [module()]) :: term()


      


Decodes a single value through the extension chain.
Returns the decoded value from the first extension that handles it,
or the original value if no extension matches.

  



  
    
      
    
    
      encode_params(params, extensions)



        
          
        

    

  


  

      

          @spec encode_params(params :: list() | keyword(), extensions :: [module()]) ::
  list() | keyword()


      


Encodes a list of query parameters through the extension chain.
Handles both positional parameter lists and keyword parameter lists.
Values that no extension handles pass through unchanged.

  



  
    
      
    
    
      encode_value(value, list)



        
          
        

    

  


  

      

          @spec encode_value(value :: term(), extensions :: [module()]) :: term()


      


Encodes a single value through the extension chain.
Returns the encoded value from the first extension that handles it,
or the original value if no extension matches.

  


        

      


  

    
Xqlite.TypeExtension.Date 
    



      
Type extension for Date ↔ ISO 8601 text.
Encodes Date structs as YYYY-MM-DD strings (e.g., "2024-01-15").
Decodes YYYY-MM-DD strings back to Date structs.

      




  

    
Xqlite.TypeExtension.DateTime 
    



      
Type extension for DateTime ↔ ISO 8601 text.
Encodes DateTime structs as ISO 8601 strings (e.g., "2024-01-15T10:30:00Z").
Decodes ISO 8601 strings back to DateTime structs.
Microsecond precision is preserved in both directions.

      




  

    
Xqlite.TypeExtension.Decimal 
    



      
Type extension for Decimal → arbitrary-precision TEXT.
Encodes Decimal structs to their plain (non-scientific) string form via
Decimal.to_string(d, :normal), preserving every significant digit.
This extension is encode-only: decode/1 always returns :skip.
Deciding that a numeric-looking string should become a Decimal (rather
than a float, integer, or plain string) is application-specific divination
the library refuses to guess — load your stored decimals with an
Ecto.Type or an explicit Decimal.new/1 at the call site.
Precision caveat
Store the encoded text in a TEXT-affinity column. SQLite's NUMERIC and
REAL affinities coerce any value that "looks like" a number to a 64-bit
float on insert, silently discarding the arbitrary precision Decimal
exists to preserve. A TEXT (or affinity-less) column keeps the exact
digits.
Availability
This module is compiled only when the optional :decimal dependency is
installed. Without it, the module does not exist. Add {:decimal, "~> 2.0"}
to your deps to enable it.

      




  

    
Xqlite.TypeExtension.Duration 
    



      
Encode-only type extension: exact-length Duration → int64
nanoseconds.
Only durations made of exact units convert — weeks, days, hours,
minutes, seconds, microseconds. Calendar units (years, months) have
no fixed length, so durations carrying them are skipped; binding then
fails downstream with the NIF's structured rejection of the raw
struct. There is deliberately no decode: a nanosecond span is
indistinguishable from any other stored integer.
Mirrors XqliteEcto3.Types.Duration's semantics (int64 ns,
exact-units-only). Requires Elixir 1.17+ — on older versions this
module does not exist.

      




  

    
Xqlite.TypeExtension.Instant 
    



      
Encode-only type extension: DateTime → int64 nanoseconds since the
Unix epoch.
The integer-instant alternative to Xqlite.TypeExtension.DateTime's
ISO 8601 text. Both claim DateTime structs, so pick ONE per chain —
or rely on first-match ordering, where whichever extension is listed
first wins the struct.
There is deliberately no decode: a nanosecond instant is
indistinguishable from any other stored integer. Read-side conversion
belongs to the caller (or to the Ecto layer's
XqliteEcto3.Types.Instant, which this module mirrors).

      




  

    
Xqlite.TypeExtension.JSON 
    



      
Type extension for plain maps and lists ↔ JSON text.
Encodes plain (non-struct) maps and lists to JSON text via Jason.encode/1.
Decodes TEXT that looks like a JSON object or array back to Elixir terms via
Jason.decode/1.
Structs are deliberately not encoded — a Date, NaiveDateTime, Decimal,
etc. belongs to its own extension, and capturing it here would shadow the more
specific converter. Terms Jason cannot encode (for example a map holding an
invalid-UTF-8 binary value) return :skip, so they fall through to the NIF's
own structured rejection instead of being swallowed.
Round-trip caveat
Decoding is shape-driven: any stored TEXT whose first non-whitespace byte
is { or [ and which parses as JSON will be decoded to a map or list. That
is the point of opting in — but it means a column that merely happens to
hold JSON-shaped text is also decoded. Place more specific extensions before
this one in the chain (they win on decode/1 via first-match), and only enable
JSON for queries whose JSON-shaped columns you actually want parsed.
Object keys round-trip as strings (JSON has no atom keys): encoding
%{a: 1} and decoding yields %{"a" => 1}.

      




  

    
Xqlite.TypeExtension.NaiveDateTime 
    



      
Type extension for NaiveDateTime ↔ ISO 8601 text.
Encodes NaiveDateTime structs as ISO 8601 strings (e.g., "2024-01-15T10:30:00").
Decodes ISO 8601 strings back to NaiveDateTime structs.
Microsecond precision is preserved in both directions.

      




  

    
Xqlite.TypeExtension.Time 
    



      
Type extension for Time ↔ ISO 8601 text.
Encodes Time structs as HH:MM:SS strings (e.g., "10:30:00").
Decodes HH:MM:SS strings back to Time structs.
Microsecond precision is preserved in both directions.

      




  

    
Xqlite.TypeExtension.UUID 
    



      
Type extension for canonical UUID text ↔ compact 16-byte storage.
Encodes a canonical hyphenated UUID string (36 chars, 8-4-4-4-12 hex,
case-insensitive) to the raw 16-byte binary it represents — half the size of
the textual form. SQLite stores that binary with BLOB affinity in the common
case (real UUIDs are not valid UTF-8); the rare value whose bytes do form
valid UTF-8 (e.g. the nil UUID) is stored as TEXT instead. Both are 16 bytes
and decode identically.
Only the canonical hyphenated form is encoded. A raw 16-byte binary passed to
encode/1 returns :skip — encoding it would be indistinguishable from an
ordinary blob a caller wanted stored verbatim.
Decode is a 16-byte heuristic, not a type
SQLite has no UUID type, and rows arrive as plain Elixir binaries with no
storage-class tag attached. decode/1 therefore cannot tell a 16-byte
BLOB from a 16-character TEXT value — it converts any 16-byte binary to
a UUID string. A column holding the 16-character string "abcdefghijklmnop"
will decode to "61626364-6566-6768-696a-6b6c6d6e6f70".
Enable this extension only when every 16-byte value your query returns is a
UUID, and order it in the chain accordingly (place extensions that match
other 16-byte shapes first — they win via first-match).
Decoded strings are always lowercase and hyphenated.

      




  

    
Xqlite.Telemetry 
    



      
:telemetry integration for xqlite.
Strictly opt-in
Telemetry is gated by a compile-time flag. Default: false.
When disabled, every emission site in xqlite compiles to a no-op —
there are no :telemetry.execute/3 or :telemetry.span/3 calls in
the bytecode at all. Zero per-call overhead. Designed for
resource-constrained environments (Nerves, embedded, hot loops)
where the cost of even an unused :telemetry.execute/3 matters.
To enable, set this in your application's config/config.exs and
rebuild xqlite (mix deps.compile xqlite --force):
config :xqlite, :telemetry_enabled, true
Conventions
	Event names: atom lists prefixed with :xqlite. Sub-systems
get their own segment (:hook, :cancel, :transaction,
:savepoint).
	Spans: every operation that has a clear "start" and "end"
uses :telemetry.span/3's convention — :start, :stop,
:exception events with a stable :telemetry_span_context
reference linking them.
	Time units: integer nanoseconds everywhere. No _ns
suffix on key names — duration and monotonic_time are
always nanoseconds. Convert to microseconds (/1_000) or
milliseconds (/1_000_000) at handler time.
	Time source: System.monotonic_time(:nanosecond), not
:os.system_time/0. Stable across NTP adjustments and clock
changes; consumers map to wall-clock at handler time if needed.
	Identifiers: raw refs (reference()) for connections,
tokens, streams. No abstraction layer — consumers map to
stable IDs themselves at attach time.
	Cancellation outcome: an operation that gets cancelled fires
its normal :stop event with metadata.error_reason == :operation_cancelled (NOT :exception). A separate
[:xqlite, :cancel, :honored] event also fires.

Event surface — operation events (always-on)
These events fire automatically when telemetry is compiled in. No
registration needed; just attach a handler with :telemetry.attach/4.
Connection lifecycle
[:xqlite, :open, :start | :stop | :exception]
  measurements: %{monotonic_time, duration}
  metadata:     %{path, mode, result_class, error_reason}

[:xqlite, :close, :start | :stop]
  measurements: %{monotonic_time, duration}
  metadata:     %{conn, path}
:mode is one of :file, :memory, :readonly, :memory_readonly,
:temp. :result_class is :ok or :error. :error_reason is
nil on success or the structured error reason atom on failure.
Query / Execute
[:xqlite, :query, :start | :stop | :exception]
  measurements: %{monotonic_time, duration, num_rows (on :stop)}
  metadata:     %{conn, sql, params_count, cancellable?, result_class, error_reason}

[:xqlite, :execute, :start | :stop | :exception]
  measurements: %{monotonic_time, duration, affected_rows (on :stop)}
  metadata:     %{conn, sql, params_count, cancellable?, result_class, error_reason}

[:xqlite, :execute_batch, :start | :stop | :exception]
  measurements: %{monotonic_time, duration}
  metadata:     %{conn, sql_batch_size_bytes, cancellable?, result_class, error_reason}

[:xqlite, :query_with_changes, :start | :stop | :exception]
  measurements: %{monotonic_time, duration, num_rows, changes}
  metadata:     %{conn, sql, params_count, cancellable?, result_class, error_reason}

[:xqlite, :explain_analyze, :start | :stop | :exception]
  measurements: %{monotonic_time, duration, wall_time_ns, rows_produced, scan_count}
  metadata:     %{conn, sql, result_class, error_reason}
wall_time_ns is SQLite's own clock measurement of the executed
statement (from EXPLAIN ANALYZE). :cancellable? is true iff
the operation was invoked through a *_cancellable NIF or
Xqlite.query_cancellable etc.
Transactions
Transactions span across multiple NIF calls; we emit single events
rather than spans because the matching :stop may come from any
later commit/rollback at any time.
[:xqlite, :transaction, :begin]
  measurements: %{monotonic_time}
  metadata:     %{conn, mode}

[:xqlite, :transaction, :commit]
  measurements: %{monotonic_time}
  metadata:     %{conn}

[:xqlite, :transaction, :rollback]
  measurements: %{monotonic_time}
  metadata:     %{conn, reason}

[:xqlite, :savepoint, :create | :release | :rollback_to]
  measurements: %{monotonic_time}
  metadata:     %{conn, name}
:mode is :deferred, :immediate, or :exclusive. :reason
on rollback is :user_initiated, :constraint, :deferred_fk,
or :error.
Streams
[:xqlite, :stream, :open, :start | :stop | :exception]
  measurements: %{monotonic_time, duration}
  metadata:     %{conn, sql, batch_size, type_extensions_count}

[:xqlite, :stream, :fetch]
  measurements: %{monotonic_time, duration, rows_returned}
  metadata:     %{stream_handle, done?}

[:xqlite, :stream, :close]
  measurements: %{monotonic_time, total_duration, total_rows}
  metadata:     %{stream_handle, reason}
[:xqlite, :stream, :fetch] fires every batch — potentially
thousands of times per stream. The cost is sub-microsecond when
no handler is attached and zero when telemetry is disabled at
compile time. If you attach a heavy handler, expect proportional
cost; consider sampling or a dedicated metrics handler.
Backup
[:xqlite, :backup, :start | :stop | :exception]
  measurements: %{monotonic_time, duration, byte_size}
  metadata:     %{conn, schema, dest_path, result_class, error_reason}

[:xqlite, :backup_with_progress, :start | :step | :stop | :exception]
  :start measurements: %{monotonic_time}
  :step  measurements: %{monotonic_time, pages_remaining, pagecount, step_duration}
  :stop  measurements: %{monotonic_time, total_duration, total_pages}
  metadata:             %{conn, schema, dest_path, pages_per_step, result_class, error_reason}
WAL checkpoint, serialize, deserialize, extension
[:xqlite, :wal_checkpoint, :start | :stop | :exception]
  measurements: %{monotonic_time, duration, log_pages, checkpointed_pages}
  metadata:     %{conn, mode, schema, busy?}

[:xqlite, :serialize, :start | :stop | :exception]
  measurements: %{monotonic_time, duration, byte_size}
  metadata:     %{conn, schema}

[:xqlite, :deserialize, :start | :stop | :exception]
  measurements: %{monotonic_time, duration, byte_size}
  metadata:     %{conn, schema, read_only?}

[:xqlite, :extension, :load, :start | :stop | :exception]
  measurements: %{monotonic_time, duration}
  metadata:     %{conn, path, entry_point}
WAL :mode is :passive, :full, :restart, or :truncate.
:busy? is true if the checkpoint did not complete because of
reader/writer contention.
PRAGMA
[:xqlite, :pragma, :get | :set]
  measurements: %{monotonic_time, duration}
  metadata:     %{conn, name, value (on :set only)}
Session extension
[:xqlite, :session, :new | :attach | :delete]
  measurements: %{monotonic_time}
  metadata:     %{session, conn (on :new), table (on :attach)}

[:xqlite, :session, :changeset | :patchset]
  measurements: %{monotonic_time, duration, byte_size}
  metadata:     %{session}

[:xqlite, :session, :apply, :start | :stop | :exception]
  measurements: %{monotonic_time, duration}
  metadata:     %{conn, conflict_strategy}
Blob I/O
[:xqlite, :blob, :open | :close | :reopen]
  measurements: %{monotonic_time, byte_size (on :open / :reopen)}
  metadata:     %{blob, conn (on :open), table, column, row_id, read_only?}

[:xqlite, :blob, :read | :write]
  measurements: %{monotonic_time, duration, bytes, offset}
  metadata:     %{blob}
Cancellation
[:xqlite, :cancel, :token_created]
  measurements: %{monotonic_time}
  metadata:     %{token}

[:xqlite, :cancel, :signalled]
  measurements: %{monotonic_time}
  metadata:     %{token}

[:xqlite, :cancel, :honored]
  measurements: %{monotonic_time, lag}
  metadata:     %{token, operation, conn}
:lag is the duration in nanoseconds between
[:xqlite, :cancel, :signalled] and [:xqlite, :cancel, :honored]
for the same token. :operation is the operation that the cancel
signal interrupted: :query, :execute, :execute_batch, or
:backup_with_progress.
Event surface — hook bridge events (opt-in registration)
The hook bridge layer turns multi-subscriber hook deliveries into
telemetry events. NOT auto-attached — the user explicitly calls
bridge/2 on a connection to wire the hooks they care about.
[:xqlite, :hook, :busy]
  measurements: %{retries, elapsed}
  metadata:     %{conn, tag}

[:xqlite, :hook, :commit]
  measurements: %{monotonic_time}
  metadata:     %{conn, tag}

[:xqlite, :hook, :rollback]
  measurements: %{monotonic_time}
  metadata:     %{conn, tag}

[:xqlite, :hook, :update]
  measurements: %{monotonic_time}
  metadata:     %{conn, action, db_name, table, rowid, tag}

[:xqlite, :hook, :wal]
  measurements: %{pages}
  metadata:     %{conn, db_name, tag}

[:xqlite, :hook, :progress]
  measurements: %{count, elapsed}
  metadata:     %{conn, hook_tag, tag}

[:xqlite, :hook, :busy]
  measurements: %{monotonic_time, retries, elapsed}
  metadata:     %{conn, tag}

[:xqlite, :hook, :log]
  measurements: %{}
  metadata:     %{code, base_code, message}
:tag (in the metadata) is the user-supplied tag from bridge/2
for distinguishing connections in dashboards. :hook_tag (only
on [:xqlite, :hook, :progress]) is the tag passed to
Xqlite.register_progress_hook/3.
See bridge/2 and unbridge/2 for the registration API. Bridge
is implemented on top of the same multi-subscriber primitives that
power direct hook usage — registering the bridge on a connection
is independent of any other subscribers, and unbridging never
affects them.
Compile-time disabled mode
When :telemetry_enabled is false (the default), the macros in
this module expand to no-ops and the underlying operations skip
emission entirely. Verify with enabled?/0:
iex> Xqlite.Telemetry.enabled?()
false
In this mode, bridge/2 returns {:error, :telemetry_disabled}
rather than silently registering hooks that produce no events.
Reading the source
This module is small on purpose. The two macros (emit/3 and
span/3) are what every call site in lib/xqlite/*.ex invokes.
They take the :telemetry_enabled flag at compile time and either
emit normal :telemetry calls or expand to direct evaluation of
the inner block. The macros live here, not in each caller, so the
compile-time check happens in one place.

      


      
        Summary


  
    Functions
  


    
      
        bridge(conn, opts \\ [])

      


        Bridges per-connection hook deliveries into :telemetry events.



    


    
      
        bridge_log(opts \\ [])

      


        Bridges the global SQLite log hook into :telemetry events.



    


    
      
        emit(event_name, measurements, metadata)

      


        Emit a single telemetry event.



    


    
      
        enabled?()

      


        Returns whether telemetry is compiled in.



    


    
      
        monotonic_time()

      


        Returns the current monotonic time in nanoseconds.



    


    
      
        span(event_name, metadata, list)

      


        Run block inside a :telemetry.span/3.



    


    
      
        span_with_stop_metadata(event_name, start_metadata, list)

      


        Like span/3 but lets the block return {value, extra_metadata}
so the :stop event can carry per-operation metadata that wasn't
known at :start.



    


    
      
        unbridge(bridge)

      


        Tears down a bridge — unregisters every subscribed hook and stops
the forwarder GenServer.



    





      


      
        Functions


        


    

  
    
      
    
    
      bridge(conn, opts \\ [])



        
          
        

    

  


  

      

          @spec bridge(
  reference(),
  keyword()
) :: {:ok, struct()} | {:error, term()}


      


Bridges per-connection hook deliveries into :telemetry events.
Subscribes to the requested hooks on conn via the standard
register_*_hook API and forwards each delivery as an
[:xqlite, :hook, :*] telemetry event. Returns
{:ok, %Xqlite.Telemetry.Bridge{}} on success — pass that struct
to unbridge/1 to tear down.
Options
	:hooks — list of hook kinds to subscribe to. Either an explicit
list ([:wal, :commit, :rollback, :update, :progress]) or :all
(default) for every per-connection hook.
	:tag — arbitrary term forwarded as :tag in every
[:xqlite, :hook, :*] event's metadata. Useful when one
handler receives bridged events from multiple connections.
	:progress — keyword opts forwarded to
register_progress_hook/3 (default every_n: 1000).

Returns {:error, :telemetry_disabled} when telemetry is
compile-disabled — the bridge would otherwise install hooks that
produce nothing.
Note on busy_handler
busy_handler is single-subscriber and not part of the per-conn
bridge. To get busy events as telemetry, register your own busy
handler with a forwarder pid that emits the desired event.
See Xqlite.Telemetry.Bridge for the rationale.

  



    

  
    
      
    
    
      bridge_log(opts \\ [])



        
          
        

    

  


  

      

          @spec bridge_log(keyword()) :: {:ok, struct()} | {:error, term()}


      


Bridges the global SQLite log hook into :telemetry events.
Subscribes to the process-wide log hook and re-emits each diagnostic
as [:xqlite, :hook, :log]. Returns
{:ok, %Xqlite.Telemetry.Bridge{}} — call unbridge/1 to detach.
Options
	:tag — arbitrary term forwarded as :tag in event metadata.


  



  
    
      
    
    
      emit(event_name, measurements, metadata)


        (macro)


        
          
        

    

  


  

Emit a single telemetry event.
Wraps :telemetry.execute/3. When telemetry is compiled out,
expands to a no-op (the arguments are not evaluated).

  



  
    
      
    
    
      enabled?()



        
          
        

    

  


  

      

          @spec enabled?() :: boolean()


      


Returns whether telemetry is compiled in.
Reads the value of :telemetry_enabled at xqlite compile time.
Always a constant after compilation; safe to call anywhere.

  



  
    
      
    
    
      monotonic_time()



        
          
        

    

  


  

      

          @spec monotonic_time() :: integer()


      


Returns the current monotonic time in nanoseconds.
Inlined helper used in metadata maps that record event timestamps.
Equivalent to System.monotonic_time(:nanosecond); provided for
readability at call sites and for a single canonical source for
the rest of xqlite.

  



  
    
      
    
    
      span(event_name, metadata, list)


        (macro)


        
          
        

    

  


  

Run block inside a :telemetry.span/3.
The block must evaluate to a value; that value is returned. Both
the :start and :stop events carry the supplied metadata.
If the block raises or throws, an :exception event fires
instead of :stop, with kind, reason, and stacktrace added
to the metadata, and the exception re-raises.
When telemetry is compiled out, the block evaluates directly with
no telemetry calls.

  



  
    
      
    
    
      span_with_stop_metadata(event_name, start_metadata, list)


        (macro)


        
          
        

    

  


  

Like span/3 but lets the block return {value, extra_metadata}
so the :stop event can carry per-operation metadata that wasn't
known at :start.

  



  
    
      
    
    
      unbridge(bridge)



        
          
        

    

  


  

      

          @spec unbridge(struct()) :: :ok


      


Tears down a bridge — unregisters every subscribed hook and stops
the forwarder GenServer.

  


        

      


  

    
Xqlite.Telemetry.Bridge 
    



      
Forwards multi-subscriber hook deliveries into :telemetry events.
This is the opt-in hook-bridge half of xqlite telemetry. The fan-out hooks
(update, wal, commit, rollback, progress, plus the global
log hook) deliver Erlang messages to subscribed pids. The bridge
is a small GenServer that:
	Subscribes to the requested hooks on a connection (or to the
global log hook).
	Receives each hook message in its mailbox.
	Re-emits the message as a [:xqlite, :hook, :*] telemetry event.

Each bridge/2 (or bridge_log/1) call returns a struct holding
the GenServer pid and the registered subscriber handles. Pass it
to unbridge/1 to tear down all subscriptions and stop the
GenServer.
Opt-in
Bridges are NEVER attached automatically. Users must call
bridge/2 or bridge_log/1 explicitly for the connections /
log hook they care about.
When telemetry is compile-disabled (config :xqlite, :telemetry_enabled, false, the default), bridge/2 and
bridge_log/1 return {:error, :telemetry_disabled} rather
than silently registering hooks that produce no events.
Per-connection bridge
{:ok, bridge} =
  Xqlite.Telemetry.bridge(conn,
    hooks: [:wal, :commit, :rollback, :update, :progress],
    tag: :replica_a
  )

# ... events fire as `[:xqlite, :hook, :wal]` etc ...

:ok = Xqlite.Telemetry.unbridge(bridge)
Global log bridge
{:ok, log_bridge} = Xqlite.Telemetry.bridge_log()
:ok = Xqlite.Telemetry.unbridge(log_bridge)
Busy events
Busy observation is multi-subscriber
(Xqlite.register_busy_observer/2) and included in the bridge: pass
hooks: [:busy] (or the default :all) and every contention
callback re-emits as [:xqlite, :hook, :busy]. The retry POLICY
half (Xqlite.set_busy_policy/2) stays single-slot — a retry
decision cannot compose — and is independent of observation.
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        hook_kind()

      


    


    
      
        scope()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    





      


      
        Types


        


  
    
      
    
    
      hook_kind()



        
          
        

    

  


  

      

          @type hook_kind() :: :wal | :commit | :rollback | :update | :progress | :log


      



  



  
    
      
    
    
      scope()



        
          
        

    

  


  

      

          @type scope() :: {:conn, reference()} | :log


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Xqlite.Telemetry.Bridge{
  hook_handles: [{hook_kind(), non_neg_integer()}],
  pid: pid(),
  scope: scope(),
  tag: term() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  


        

      


  

    
Xqlite.Telemetry.OpenTelemetry 
    



      
A pure translation table from xqlite's telemetry events to
OpenTelemetry's stable database semantic-convention attributes.
xqlite has NO OpenTelemetry dependency — you own the handler and the
SDK. Feed any [:xqlite, ...] event through attributes/3 inside
your own :telemetry handler and attach the returned map to the span
you create; backends with database-aware tooling (latency by
statement, DB overview pages) key off exactly these names.
def handle_event([:xqlite | _] = event, measurements, metadata, _cfg) do
  attrs = Xqlite.Telemetry.OpenTelemetry.attributes(event, measurements, metadata)
  # create/end your OTel span here, with `attrs` as span attributes
end
Targets the STABLE database conventions: db.system.name,
db.query.text, db.operation.name, db.namespace, error.type.
Keys are strings, values strings — ready for OTel attribute APIs.
If first-class instrumentation lands later (an optional
opentelemetry_api dependency, or a companion instrumentation
package), it builds on this module as its attribute vocabulary — the
mapping here is the contract either way.
Sources
Every mapped name traces to the OpenTelemetry specification:
	Database client spans (attribute set, the span-name priority
chain, and the sqlite value for db.system.name):
https://opentelemetry.io/docs/specs/semconv/database/database-spans/
	The db.* attribute registry (definitions of db.system.name,
db.query.text, db.operation.name, db.namespace):
https://opentelemetry.io/docs/specs/semconv/registry/attributes/db/
	The error.type attribute (general registry):
https://opentelemetry.io/docs/specs/semconv/registry/attributes/error/

Verified against the stable revision of the database conventions on
2026-07-17; the pre-stabilization names (db.system,
db.statement) are deliberately NOT emitted.
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        attributes(event, measurements, metadata)

      


        Maps one xqlite telemetry event to semantic-convention attributes.



    


    
      
        span_name(event, metadata \\ %{})

      


        Suggested span name per the conventions' priority chain:
"{operation} {namespace}" when both are known, the operation alone
otherwise, "sqlite" as the last resort.



    





      


      
        Functions


        


  
    
      
    
    
      attributes(event, measurements, metadata)



        
          
        

    

  


  

      

          @spec attributes([atom()], map(), map()) :: %{required(String.t()) => String.t()}


      


Maps one xqlite telemetry event to semantic-convention attributes.
Always includes db.system.name => "sqlite". Adds
db.operation.name derived from the event, db.query.text when the
event's metadata carries :sql, db.namespace when it carries
:path (connection open/close; nil paths — temporary databases —
are skipped), and error.type for error results and exceptions (the
structured reason's leading atom, or the exception module).
Everything else in the metadata (result classes, counters, xqlite's
own identifiers) remains available to your handler directly — this
function maps only the semantic-convention vocabulary.

  



    

  
    
      
    
    
      span_name(event, metadata \\ %{})



        
          
        

    

  


  

      

          @spec span_name([atom()], map()) :: String.t()


      


Suggested span name per the conventions' priority chain:
"{operation} {namespace}" when both are known, the operation alone
otherwise, "sqlite" as the last resort.

  


        

      


  

    
Xqlite.Schema.ColumnInfo 
    



      
Information about a specific column in a table, corresponding to PRAGMA table_info.
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    Types
  


    
      
        default_value()

      


        A column default, classified from the raw SQL text SQLite stores.



    


    
      
        t()

      


        Struct definition.



    





      


      
        Types


        


  
    
      
    
    
      default_value()



        
          
        

    

  


  

      

          @type default_value() ::
  :none
  | {:literal, nil | boolean() | integer() | float() | String.t()}
  | {:blob, binary()}
  | {:current, :time | :date | :timestamp}
  | {:expr, String.t()}


      


A column default, classified from the raw SQL text SQLite stores.
	:none - the column declares no default at all.
	{:literal, value} - a parsed literal: nil (explicit
DEFAULT NULL), a boolean (DEFAULT TRUE / FALSE — SQLite
stores these as INTEGER 1/0), an integer (including hex literals,
interpreted as 64-bit two's complement like SQLite does), a float,
or a string (with SQLite's '' escaping undone).
	{:blob, binary} - an x'...' hex blob, decoded. May contain
arbitrary bytes, including invalid UTF-8 — that is the point of
blobs.
	{:current, :time | :date | :timestamp} - the CURRENT_TIME /
CURRENT_DATE / CURRENT_TIMESTAMP keywords (matched
case-insensitively).

	{:expr, sql} - anything else, verbatim as SQLite stored it:
parenthesized expression defaults arrive with their outer
parentheses stripped by SQLite (e.g. "datetime('now')",
"1+2"). Never constant-folded — SQLite folds at insert time,
not xqlite. Integer-shaped values that overflow 64 bits and
non-finite floats (9e999) also land here rather than silently
changing numeric type.

Note the same literal can store differently depending on column
affinity (DEFAULT 42 on a TEXT column inserts the text '42');
the classification reports the default as written, not as any
particular column would store it.
Date/time-looking strings (DEFAULT '2024-01-15') stay
{:literal, "2024-01-15"} — xqlite does not divine types at the
schema layer.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Xqlite.Schema.ColumnInfo{
  column_id: integer(),
  declared_type: String.t(),
  default_value: default_value(),
  hidden_kind: Xqlite.Schema.Types.column_hidden_kind(),
  name: String.t(),
  nullable: boolean(),
  primary_key_index: non_neg_integer(),
  type_affinity: Xqlite.Schema.Types.type_affinity()
}


      


Struct definition.
	:column_id - The zero-indexed ID of the column within the table.
	:name - Name of the column.
	:type_affinity - The resolved data type affinity (see t:Types.type_affinity/0).
	:declared_type - The original data type string exactly as declared in the CREATE TABLE statement (e.g., "VARCHAR(50)", "INTEGER", "BOOLEAN").
	:nullable - true if the column allows NULL values, false otherwise (derived from NOT NULL constraint).
	:default_value - The column default, classified (see default_value/0).
	:primary_key_index - If this column is part of the primary key, its 1-based index within the key (e.g., 1 for single PK, 1 or 2 for compound PK). 0 if not part of the primary key.
	:hidden_kind - Indicates if and how a column is hidden/generated (see t:Types.column_hidden_kind/0).


  


        

      


  

    
Xqlite.Schema.DatabaseInfo 
    



      
Information about an attached database, corresponding to PRAGMA database_list.
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    Types
  


    
      
        t()

      


        Struct definition.
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          @type t() :: %Xqlite.Schema.DatabaseInfo{file: String.t() | nil, name: String.t()}


      


Struct definition.
	:name - The logical name of the database (e.g., "main", "temp", or attached name).
	:file - The absolute path to the database file, or nil for in-memory/temporary databases.


  


        

      


  

    
Xqlite.Schema.ForeignKeyInfo 
    



      
Information about a foreign key constraint originating from a table,
corresponding to PRAGMA foreign_key_list.
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    Types
  


    
      
        t()

      


        Struct definition.
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      t()



        
          
        

    

  


  

      

          @type t() :: %Xqlite.Schema.ForeignKeyInfo{
  column_sequence: integer(),
  from_column: String.t(),
  id: integer(),
  match_clause: Xqlite.Schema.Types.fk_match(),
  on_delete: Xqlite.Schema.Types.fk_action(),
  on_update: Xqlite.Schema.Types.fk_action(),
  target_table: String.t(),
  to_column: String.t() | nil
}


      


Struct definition.
	:id - ID of the foreign key constraint (0-based index for the table).
	:column_sequence - 0-based index of the column within the foreign key constraint (for compound FKs).
	:target_table - Name of the table referenced by the foreign key.
	:from_column - Name of the column in the current table that is part of the foreign key.
	:to_column - Name of the column in the target table that is referenced. Can be nil if the FK targets a UNIQUE constraint rather than a primary key.
	:on_update - Action taken on update (see t:Types.fk_action/0).
	:on_delete - Action taken on delete (see t:Types.fk_action/0).
	:match_clause - The MATCH clause specified (see t:Types.fk_match/0).


  


        

      


  

    
Xqlite.Schema.IndexColumnInfo 
    



      
Information about a specific column within an index, corresponding to PRAGMA index_xinfo.
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        t()

      


        Struct definition.
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          @type t() :: %Xqlite.Schema.IndexColumnInfo{
  collation: String.t(),
  index_column_sequence: integer(),
  is_key_column: boolean(),
  name: String.t() | nil,
  sort_order: Xqlite.Schema.Types.sort_order(),
  table_column_id: integer()
}


      


Struct definition.
	:index_column_sequence - 0-based position of this column within the index key/definition.
	:table_column_id - The ID (0-based index) of the column in the base table definition, corresponding to the cid from PRAGMA table_info. A value of -1 indicates that the indexed item is an expression, not a direct table column.
	:name - Name of the table column included in the index, or nil if the index is on an expression.
	:sort_order - Sort order for this column (:asc or :desc).
	:collation - Name of the collation sequence used for this column (e.g., "BINARY", "NOCASE", "RTRIM").
	:is_key_column - true if this column is part of the primary index key used for lookups. false if it's an "included" column (only stored in the index, part of covering indexes, SQLite >= 3.9.0).


  


        

      


  

    
Xqlite.Schema.IndexInfo 
    



      
Information about an index on a table, corresponding to PRAGMA index_list.
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        t()

      


        Struct definition.
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          @type t() :: %Xqlite.Schema.IndexInfo{
  name: String.t(),
  origin: Xqlite.Schema.Types.index_origin(),
  partial: boolean(),
  unique: boolean()
}


      


Struct definition.
	:name - Name of the index. SQLite automatically generates names for indexes created by constraints (e.g., sqlite_autoindex_tablename_1).
	:unique - true if the index enforces uniqueness, false otherwise.
	:origin - How the index was created (see t:Types.index_origin/0). :primary_key for primary key constraints, :unique_constraint for unique constraints, :create_index for CREATE INDEX statements.
	:partial - true if the index is partial (has a WHERE clause), false otherwise.


  


        

      


  

    
Xqlite.Schema.SchemaObjectInfo 
    



      
Information about a schema object (table, view, etc.), corresponding to PRAGMA table_list.
Note: PRAGMA table_list primarily lists tables, views, and virtual tables.
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        t()

      


        Struct definition.
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      t()



        
          
        

    

  


  

      

          @type t() :: %Xqlite.Schema.SchemaObjectInfo{
  column_count: non_neg_integer(),
  is_without_rowid: boolean(),
  name: String.t(),
  object_type: Xqlite.Schema.Types.object_type(),
  schema: String.t(),
  strict: boolean()
}


      


Struct definition.
	:schema - Name of the schema containing the object (e.g., "main").
	:name - Name of the object.
	:object_type - The type of object (see t:Types.object_type/0).
	:column_count - Number of columns (meaningful for tables/views).
	:is_without_rowid - true if the table was created with the WITHOUT ROWID optimization, false otherwise. This is derived from the wr column in PRAGMA table_list.
	:strict - true if the table was declared using STRICT mode, false otherwise.


  


        

      


  

    
Xqlite.Schema.Types 
    



      
Defines shared types used across schema information structs.

      


      
        Summary


  
    Types
  


    
      
        column_hidden_kind()

      


        Indicates if and how a column is hidden/generated.
From PRAGMA table_xinfo



    


    
      
        fk_action()

      


        The action to take on a foreign key constraint violation.



    


    
      
        fk_match()

      


        The foreign key matching clause type (rarely used beyond :none).



    


    
      
        index_origin()

      


        The origin of an index (how it was created).



    


    
      
        object_type()

      


        The type of schema object (table, view, etc.).



    


    
      
        sort_order()

      


        The sort order for a column within an index.



    


    
      
        type_affinity()

      


        The resolved type affinity of a column.



    





      


      
        Types


        


  
    
      
    
    
      column_hidden_kind()



        
          
        

    

  


  

      

          @type column_hidden_kind() ::
  :normal | :hidden_alias | :virtual_generated | :stored_generated


      


Indicates if and how a column is hidden/generated.
From PRAGMA table_xinfo:
	:normal - A normal, visible column.
	:hidden_alias - A hidden column (e.g., a rowid alias in a WITHOUT ROWID table).
	:virtual_generated - A VIRTUAL generated column.
	:stored_generated - A STORED generated column.


  



  
    
      
    
    
      fk_action()



        
          
        

    

  


  

      

          @type fk_action() :: :no_action | :restrict | :set_null | :set_default | :cascade


      


The action to take on a foreign key constraint violation.

  



  
    
      
    
    
      fk_match()



        
          
        

    

  


  

      

          @type fk_match() :: :none | :simple | :partial | :full


      


The foreign key matching clause type (rarely used beyond :none).

  



  
    
      
    
    
      index_origin()



        
          
        

    

  


  

      

          @type index_origin() :: :create_index | :unique_constraint | :primary_key_constraint


      


The origin of an index (how it was created).

  



  
    
      
    
    
      object_type()



        
          
        

    

  


  

      

          @type object_type() :: :table | :view | :shadow | :virtual | :sequence


      


The type of schema object (table, view, etc.).

  



  
    
      
    
    
      sort_order()



        
          
        

    

  


  

      

          @type sort_order() :: :asc | :desc


      


The sort order for a column within an index.

  



  
    
      
    
    
      type_affinity()



        
          
        

    

  


  

      

          @type type_affinity() :: :text | :numeric | :integer | :float | :binary


      


The resolved type affinity of a column.

  


        

      


  

    
XqliteNIF 
    



      
Low-level Native Implemented Functions (NIFs) for interacting with SQLite.
This module provides direct, performant access to SQLite operations, powered by
Rust and the rusqlite crate. It forms the foundation of the Xqlite library.
Connection lifecycle:
	Open a database connection using open/2, open_in_memory/1, or open_temporary/0.
These return an opaque connection resource (Xqlite.conn/0).
	Perform operations (queries, executes, pragmas, etc.) using this resource.
	Conceptually close the connection with close/1 when done.

Operation cancellation:
For long-running queries or executions, cancellable versions of NIFs are provided
(e.g., query_cancellable/4, execute_cancellable/4):
	Create a reference/0 token with create_cancel_token/0.
	Pass this token to a cancellable NIF.
	To interrupt the NIF, call cancel_operation/1 with the token from another process.
The NIF will then typically return {:error, :operation_cancelled}.

Error handling:
Most functions return {:ok, value} or :ok on success, and
{:error, reason_tuple} on failure. The reason_tuple provides structured
error information (e.g., {:sqlite_failure, code, extended_code, message}).
Usage note:
These are low-level functions. For more idiomatic Elixir usage, consider
the helper functions in the Xqlite module or higher-level abstractions
if available (e.g., an Ecto adapter). This module is intended for direct
SQLite control or for building such abstractions.

      


      
        Summary


  
    Types
  


    
      
        stream_fetch_ok_result()

      


    


    
      
        transaction_mode()

      


    





  
    Functions
  


    
      
        autocommit(conn)

      


        Returns true when conn is in auto-commit mode (no active transaction),
false otherwise.



    


    
      
        backup(conn, schema, dest_path)

      


        Backs up the named schema to a file at dest_path.



    


    
      
        backup_with_progress(conn, schema, dest_path, pid, pages_per_step, cancel_tokens)

      


        Backs up a database to a file with progress reporting and cancellation.



    


    
      
        begin(conn, mode \\ :deferred)

      


        Begins a new database transaction with the given mode.



    


    
      
        blob_close(blob)

      


        Closes the blob handle, releasing its resources.



    


    
      
        blob_open(conn, db, table, column, row_id, read_only)

      


        Opens a BLOB for incremental I/O.



    


    
      
        blob_read(blob, offset, length)

      


        Reads length bytes from the blob starting at offset.



    


    
      
        blob_reopen(blob, row_id)

      


        Moves the blob handle to a different row in the same table/column.



    


    
      
        blob_size(blob)

      


        Returns the size of the blob in bytes.



    


    
      
        blob_write(blob, offset, data)

      


        Writes data to the blob starting at offset.



    


    
      
        cancel_operation(token_resource)

      


        Signals an intent to cancel operations associated with a given cancellation token.



    


    
      
        changes(conn)

      


        Returns the number of rows modified, inserted, or deleted by the most
recently completed INSERT, UPDATE, or DELETE statement on this
connection. Does not count changes from triggers or foreign key actions.



    


    
      
        changeset_apply(conn, changeset, conflict_strategy)

      


        Applies a changeset binary to a connection.



    


    
      
        changeset_concat(a, b)

      


        Concatenates two changeset binaries into one.



    


    
      
        changeset_invert(changeset)

      


        Inverts a changeset binary.



    


    
      
        close(conn)

      


        Conceptually closes the database connection.



    


    
      
        commit(conn)

      


        Commits the current database transaction.



    


    
      
        compile_options(conn)

      


        Retrieves the compile-time options the linked SQLite C library was built with.



    


    
      
        connection_stats(conn)

      


        Returns a structured snapshot of sqlite3_db_status counters for the
connection.



    


    
      
        create_cancel_token()

      


        Creates a new cancellation token resource.



    


    
      
        db_path(conn)

      


        Returns the filesystem path of the connection's main database.



    


    
      
        deserialize(conn, schema, data, read_only)

      


        Deserializes a binary into the named schema, replacing its contents.



    


    
      
        enable_load_extension(conn, enabled)

      


        Enables or disables extension loading for the given connection.



    


    
      
        execute(conn, sql, params \\ [])

      


        Executes a SQL statement that does not return rows (e.g., INSERT, UPDATE, DELETE, DDL).



    


    
      
        execute_batch(conn, sql)

      


        Executes one or more SQL statements separated by semicolons.



    


    
      
        execute_batch_cancellable(conn, sql_batch, cancel_tokens)

      


        Executes one or more SQL statements separated by semicolons, with support for cancellation.



    


    
      
        execute_cancellable(conn, sql, params, cancel_tokens)

      


        Executes a SQL statement that does not return rows, with support for cancellation.



    


    
      
        explain_analyze(conn, sql, params \\ [])

      


        Runs a SQL statement and returns a structured report of how SQLite executed it.



    


    
      
        get_create_sql(conn, object_name)

      


        Retrieves the original SQL text used to create a specific schema object.



    


    
      
        get_pragma(conn, name)

      


        Reads the current value of an SQLite PRAGMA.



    


    
      
        last_insert_rowid(conn)

      


        Retrieves the rowid of the most recent successful INSERT into a rowid table.



    


    
      
        load_extension(conn, path, entry_point)

      


        Loads a SQLite extension from the shared library at path.



    


    
      
        open(path)

      


        Opens a connection to an SQLite database file.



    


    
      
        open_in_memory(uri)

      


        Opens a connection to an in-memory SQLite database identified by uri.



    


    
      
        open_in_memory_readonly(uri)

      


        Opens a read-only connection to an in-memory SQLite database identified
by uri.



    


    
      
        open_readonly(path)

      


        Opens a read-only connection to an SQLite database file.



    


    
      
        open_temporary()

      


        Opens a connection to a private, temporary on-disk SQLite database.



    


    
      
        query(conn, sql, params \\ [])

      


        Executes a SQL query that returns rows (e.g., SELECT, PRAGMA that returns data, INSERT ... RETURNING).



    


    
      
        query_cancellable(conn, sql, params, cancel_tokens)

      


        Executes a SQL query that returns rows, with support for cancellation.



    


    
      
        query_with_changes(conn, sql, params)

      


        Executes a SQL query and returns results with the affected row count.



    


    
      
        query_with_changes_cancellable(conn, sql, params, cancel_tokens)

      


        Cancellable version of query_with_changes/3.



    


    
      
        register_busy_observer(conn, pid)

      


        Registers a busy-contention observer on the connection (raw NIF).



    


    
      
        register_commit_hook(conn, pid)

      


        Registers a PID to receive commit events on the connection.
Multi-subscriber.



    


    
      
        register_log_hook(pid)

      


        Registers a PID to receive SQLite diagnostic log events. Multi-subscriber.



    


    
      
        register_progress_hook(conn, pid, every_n, tag)

      


        Registers a progress-tick subscriber on the connection.



    


    
      
        register_rollback_hook(conn, pid)

      


        Registers a PID to receive rollback events on the connection.
Multi-subscriber.



    


    
      
        register_update_hook(conn, pid)

      


        Registers a PID to receive change notifications for this connection.
Multi-subscriber.



    


    
      
        register_wal_hook(conn, pid)

      


        Registers a PID to receive WAL events on the connection. Multi-subscriber.



    


    
      
        release_savepoint(conn, name)

      


        Releases a named savepoint.



    


    
      
        remove_authorizer(conn)

      


        Removes any authorizer from the connection (raw NIF).



    


    
      
        remove_busy_policy(conn)

      


        Removes the busy retry policy from the connection.



    


    
      
        restore(conn, schema, src_path)

      


        Restores the named schema from a file at src_path.



    


    
      
        rollback(conn)

      


        Rolls back the current database transaction.



    


    
      
        rollback_to_savepoint(conn, name)

      


        Rolls back the transaction to a named savepoint.



    


    
      
        savepoint(conn, name)

      


        Creates a new savepoint within the current transaction.



    


    
      
        schema_columns(conn, table_name)

      


        Retrieves detailed information about columns in a specific table or view.



    


    
      
        schema_databases(conn)

      


        Retrieves information about all attached databases for the connection.



    


    
      
        schema_foreign_keys(conn, table_name)

      


        Retrieves information about foreign key constraints originating from a table.



    


    
      
        schema_index_columns(conn, index_name)

      


        Retrieves detailed information about the columns that make up a specific index.



    


    
      
        schema_indexes(conn, table_name)

      


        Retrieves information about all indexes associated with a table.



    


    
      
        schema_list_objects(conn, schema \\ nil)

      


        Lists schema objects (tables, views, etc.) in a specified database schema.



    


    
      
        serialize(conn, schema)

      


        Serializes an attached database to a contiguous binary.



    


    
      
        session_attach(session, table)

      


        Attaches a table to be tracked by the session.



    


    
      
        session_changeset(session)

      


        Captures a changeset from the session.



    


    
      
        session_delete(session)

      


        Deletes the session, releasing its resources.



    


    
      
        session_is_empty(session)

      


        Returns true if the session has recorded no changes.



    


    
      
        session_new(conn)

      


        Creates a new change-tracking session on the connection.



    


    
      
        session_patchset(session)

      


        Captures a patchset from the session.



    


    
      
        set_authorizer(conn, denied_actions)

      


        Installs a deny-list authorizer on the connection (raw NIF).



    


    
      
        set_busy_policy(conn, max_retries, max_elapsed_ms, sleep_ms)

      


        Sets the busy retry POLICY on the connection (raw NIF).



    


    
      
        set_pragma(conn, name, value)

      


        Sets the value of an SQLite PRAGMA.



    


    
      
        sqlite_version()

      


        Returns the version string of the underlying SQLite C library.



    


    
      
        stmt_bind(stmt, params)

      


        Binds parameters to a prepared statement (raw NIF).



    


    
      
        stmt_clear_bindings(stmt)

      


        Clears all parameter bindings on a prepared statement back to NULL (raw NIF).



    


    
      
        stmt_column_names(stmt)

      


        Returns the result column names of a prepared statement (raw NIF).



    


    
      
        stmt_finalize(stmt)

      


        Finalizes a prepared statement, releasing its SQLite resources (raw NIF).



    


    
      
        stmt_multi_step(stmt, batch_size)

      


        Advances a prepared statement up to batch_size rows (raw NIF).



    


    
      
        stmt_multi_step_cancellable(stmt, batch_size, tokens)

      


        Advances a prepared statement up to batch_size rows, cancellable (raw NIF).



    


    
      
        stmt_prepare(conn, sql)

      


        Prepares a manually managed statement (raw NIF).



    


    
      
        stmt_reset(stmt)

      


        Resets a prepared statement so it can be stepped again (raw NIF).



    


    
      
        stmt_step(stmt)

      


        Advances a prepared statement one row (raw NIF).



    


    
      
        stream_close(stream_handle)

      


        Closes an active stream and releases its underlying SQLite statement resources.



    


    
      
        stream_fetch(stream_handle, batch_size)

      


        Fetches a batch of rows from an active stream handle.



    


    
      
        stream_get_columns(stream_handle)

      


        Retrieves the column names for an opened stream.



    


    
      
        stream_open(conn, sql, params, opts \\ [])

      


        Prepares a SQL query for streaming and returns an opaque stream handle resource.



    


    
      
        total_changes(conn)

      


        Returns the total number of rows modified, inserted, or deleted by all
INSERT, UPDATE, or DELETE statements since the connection was
opened, including changes from triggers.



    


    
      
        transaction_status(conn)

      


        Returns whether the connection is currently inside a transaction.



    


    
      
        txn_state(conn, schema \\ nil)

      


        Returns the transaction state for the given schema (defaults to "main").



    


    
      
        unregister_busy_observer(conn, handle)

      


        Unregisters a busy-contention observer by handle.



    


    
      
        unregister_commit_hook(conn, handle)

      


        Unregisters a commit subscriber by handle. Idempotent.



    


    
      
        unregister_log_hook(handle)

      


        Unregisters a log subscriber by handle. Idempotent — unknown handles
are no-ops.



    


    
      
        unregister_progress_hook(conn, handle)

      


        Unregisters a progress-tick subscriber by its handle.



    


    
      
        unregister_rollback_hook(conn, handle)

      


        Unregisters a rollback subscriber by handle. Idempotent.



    


    
      
        unregister_update_hook(conn, handle)

      


        Unregisters an update subscriber by handle. Idempotent — unknown
handles are no-ops.



    


    
      
        unregister_wal_hook(conn, handle)

      


        Unregisters a WAL subscriber by handle. Idempotent.



    


    
      
        wal_checkpoint(conn, mode \\ :passive, schema \\ nil)

      


        Forces a WAL checkpoint. Equivalent to sqlite3_wal_checkpoint_v2.



    





      


      
        Types


        


  
    
      
    
    
      stream_fetch_ok_result()



        
          
        

    

  


  

      

          @type stream_fetch_ok_result() :: %{rows: [[term()]]}


      



  



  
    
      
    
    
      transaction_mode()



        
          
        

    

  


  

      

          @type transaction_mode() :: :deferred | :immediate | :exclusive


      



  


        

      

      
        Functions


        


  
    
      
    
    
      autocommit(conn)



        
          
        

    

  


  

      

          @spec autocommit(Xqlite.conn()) :: {:ok, boolean()} | Xqlite.error()


      


Returns true when conn is in auto-commit mode (no active transaction),
false otherwise.
Equivalent to sqlite3_get_autocommit. Zero-cost; always available.

  



  
    
      
    
    
      backup(conn, schema, dest_path)



        
          
        

    

  


  

      

          @spec backup(
  conn :: Xqlite.conn(),
  schema :: String.t(),
  dest_path :: String.t()
) :: :ok | Xqlite.error()


      


Backs up the named schema to a file at dest_path.
The destination file is created or overwritten. The source database
remains readable during the backup.
Use Xqlite.backup/2 for a defaulted "main" schema.

  



  
    
      
    
    
      backup_with_progress(conn, schema, dest_path, pid, pages_per_step, cancel_tokens)



        
          
        

    

  


  

      

          @spec backup_with_progress(
  conn :: Xqlite.conn(),
  schema :: String.t(),
  dest_path :: String.t(),
  pid :: pid(),
  pages_per_step :: pos_integer(),
  cancel_tokens :: [reference()]
) :: :ok | Xqlite.error()


      


Backs up a database to a file with progress reporting and cancellation.
Copies pages_per_step pages at a time, sending
{:xqlite_backup_progress, remaining, pagecount} messages to pid
after each step. Between steps, all of cancel_tokens are polled —
if any is signalled, returns {:error, :operation_cancelled}
(OR-semantics). Pass an empty list for no-cancellation.
Use create_cancel_token/0 to create tokens and cancel_operation/1
from another process to signal one.

  



    

  
    
      
    
    
      begin(conn, mode \\ :deferred)



        
          
        

    

  


  

      

          @spec begin(conn :: Xqlite.conn(), mode :: transaction_mode()) :: :ok | Xqlite.error()


      


Begins a new database transaction with the given mode.
Modes:
	:deferred — acquires locks lazily (default SQLite behavior)
	:immediate — acquires a write lock immediately (fails fast on contention)
	:exclusive — acquires an exclusive lock (blocks readers too)

Returns :ok on success.
Returns {:error, reason} if a transaction cannot be started (e.g., if one
is already active on this connection, or due to other SQLite errors).
Returns {:error, :invalid_transaction_mode} for unrecognized mode atoms.

  



  
    
      
    
    
      blob_close(blob)



        
          
        

    

  


  

      

          @spec blob_close(blob :: reference()) :: :ok | Xqlite.error()


      


Closes the blob handle, releasing its resources.

  



  
    
      
    
    
      blob_open(conn, db, table, column, row_id, read_only)



        
          
        

    

  


  

      

          @spec blob_open(
  conn :: Xqlite.conn(),
  db :: String.t(),
  table :: String.t(),
  column :: String.t(),
  row_id :: integer(),
  read_only :: boolean()
) :: {:ok, reference()} | Xqlite.error()


      


Opens a BLOB for incremental I/O.
Returns an opaque blob handle for reading/writing chunks of a BLOB
value without loading the entire thing into memory.
	db — database name (typically "main")
	table — table name
	column — column name containing the BLOB
	row_id — rowid of the row
	read_only — true for read-only access, false for read-write


  



  
    
      
    
    
      blob_read(blob, offset, length)



        
          
        

    

  


  

      

          @spec blob_read(
  blob :: reference(),
  offset :: non_neg_integer(),
  length :: pos_integer()
) ::
  {:ok, binary()} | Xqlite.error()


      


Reads length bytes from the blob starting at offset.

  



  
    
      
    
    
      blob_reopen(blob, row_id)



        
          
        

    

  


  

      

          @spec blob_reopen(blob :: reference(), row_id :: integer()) :: :ok | Xqlite.error()


      


Moves the blob handle to a different row in the same table/column.
More efficient than closing and re-opening for sequential row access.

  



  
    
      
    
    
      blob_size(blob)



        
          
        

    

  


  

      

          @spec blob_size(blob :: reference()) :: {:ok, non_neg_integer()} | Xqlite.error()


      


Returns the size of the blob in bytes.

  



  
    
      
    
    
      blob_write(blob, offset, data)



        
          
        

    

  


  

      

          @spec blob_write(blob :: reference(), offset :: non_neg_integer(), data :: binary()) ::
  :ok | Xqlite.error()


      


Writes data to the blob starting at offset.
Cannot change the blob size — the data must fit within the existing
blob. Use zeroblob() in SQL to pre-allocate the desired size.

  



  
    
      
    
    
      cancel_operation(token_resource)



        
          
        

    

  


  

      

          @spec cancel_operation(token_resource :: reference()) :: :ok | Xqlite.error()


      


Signals an intent to cancel operations associated with a given cancellation token.
When this function is called, any active SQLite operations (executed via
cancellable NIFs like query_cancellable/4 or execute_cancellable/4)
that were started with the provided token_resource will be interrupted
at the next opportunity (SQLite's progress handler check).
token_resource is an opaque reference previously created by
create_cancel_token/0.
This function is idempotent; calling it multiple times on the same token
has no additional effect after the first call. The cancellation signal
remains active for the token.
Returns :ok. This function indicates the signal has been set; it does not
guarantee that the operation has already stopped. The cancellable NIF function
will return {:error, :operation_cancelled} when it actually terminates due
to the cancellation.
Returns {:error, reason} if the provided token_resource is not a valid
cancellation token resource (e.g., a different type of reference).

  



  
    
      
    
    
      changes(conn)



        
          
        

    

  


  

      

          @spec changes(conn :: Xqlite.conn()) :: {:ok, non_neg_integer()} | Xqlite.error()


      


Returns the number of rows modified, inserted, or deleted by the most
recently completed INSERT, UPDATE, or DELETE statement on this
connection. Does not count changes from triggers or foreign key actions.

  



  
    
      
    
    
      changeset_apply(conn, changeset, conflict_strategy)



        
          
        

    

  


  

      

          @spec changeset_apply(
  conn :: Xqlite.conn(),
  changeset :: binary(),
  conflict_strategy :: :omit | :replace | :abort
) :: :ok | Xqlite.error()


      


Applies a changeset binary to a connection.
conflict_strategy determines behavior on conflicts:
	:omit — skip conflicting changes
	:replace — overwrite with the changeset's values. SQLite only permits
replacement for DATA and CONFLICT conflicts; for a NOTFOUND,
CONSTRAINT, or FOREIGN_KEY conflict there is nothing to overwrite, so
the apply is aborted (rolled back) instead.
	:abort — abort the entire apply operation


  



  
    
      
    
    
      changeset_concat(a, b)



        
          
        

    

  


  

      

          @spec changeset_concat(a :: binary(), b :: binary()) ::
  {:ok, binary()} | Xqlite.error()


      


Concatenates two changeset binaries into one.

  



  
    
      
    
    
      changeset_invert(changeset)



        
          
        

    

  


  

      

          @spec changeset_invert(changeset :: binary()) :: {:ok, binary()} | Xqlite.error()


      


Inverts a changeset binary.
INSERT becomes DELETE, DELETE becomes INSERT, UPDATE values are swapped.

  



  
    
      
    
    
      close(conn)



        
          
        

    

  


  

      

          @spec close(conn :: Xqlite.conn()) :: :ok


      


Conceptually closes the database connection.
After a connection is closed, any further attempts to use its resource handle
with other NIF functions will likely result in errors.
It is safe to call close/1 multiple times on the same connection resource;
subsequent calls are no-ops and will also return :ok.
For on-disk temporary databases created with open_temporary/0, closing the
connection also deletes the underlying temporary file.
conn is the database connection resource.
Returns :ok. This function is designed to always succeed from the Elixir perspective
once a valid connection resource has been established, even if the underlying
SQLite close operation might encounter an issue (which is rare and typically
handled internally by rusqlite).

  



  
    
      
    
    
      commit(conn)



        
          
        

    

  


  

      

          @spec commit(conn :: Xqlite.conn()) :: :ok | Xqlite.error()


      


Commits the current database transaction.
Equivalent to executing the SQL statement COMMIT; or END TRANSACTION;.
All changes made within the transaction become permanent.
conn is the database connection resource.
Returns :ok on success.
Returns {:error, reason} if the transaction cannot be committed (e.g., if
no transaction is active, or due to other SQLite errors like deferred constraint
violations).

  



  
    
      
    
    
      compile_options(conn)



        
          
        

    

  


  

      

          @spec compile_options(conn :: Xqlite.conn()) :: {:ok, [String.t()]} | Xqlite.error()


      


Retrieves the compile-time options the linked SQLite C library was built with.
Corresponds to the PRAGMA compile_options; statement. This is useful for
diagnosing which features (e.g., THREADSAFE, ENABLE_FTS5) are available.
conn is the database connection resource.
Returns {:ok, list_of_options} on success, where list_of_options is a
list of strings (e.g., ["COMPILER=clang-14.0.3", "ENABLE_FTS5", "THREADSAFE=1"]).
Returns {:error, reason} on failure.

  



  
    
      
    
    
      connection_stats(conn)



        
          
        

    

  


  

      

          @spec connection_stats(Xqlite.conn()) :: {:ok, map()} | Xqlite.error()


      


Returns a structured snapshot of sqlite3_db_status counters for the
connection.
Returns {:ok, %{…}} with the following keys (all non-negative integers):
	:lookaside_used — lookaside slots in use.
	:cache_used — heap bytes in the pager cache.
	:schema_used — heap bytes in the schema cache.
	:stmt_used — heap bytes across prepared statements.
	:lookaside_hit — count of lookaside allocations satisfied from
the pool.
	:lookaside_miss_size — count of allocations that bypassed
lookaside because they were too big.
	:lookaside_miss_full — count of allocations that bypassed
lookaside because it was full.
	:cache_hit — pager cache hit count.
	:cache_miss — pager cache miss count.
	:cache_write — count of dirty pages written.
	:deferred_fks — pending deferred FK violations (only relevant
under PRAGMA defer_foreign_keys = ON).
	:cache_used_shared — heap bytes in the shared pager cache
attributable to this connection.
	:cache_spill — count of dirty-cache spills to disk.
	:tempbuf_spill — count of tempdb spill events.

All counters are "current" values; high-water marks are not exposed
yet. Call repeatedly for time-series monitoring.
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          @spec create_cancel_token() :: {:ok, reference()} | Xqlite.error()


      


Creates a new cancellation token resource.
This token can be passed to cancellable NIF operations (e.g.,
query_cancellable/4, execute_cancellable/4). To signal cancellation
for operations associated with this token, call cancel_operation/1
on the returned token resource.
Each token is independent. Cancelling one token does not affect others.
The token resource should be managed appropriately; it does not need explicit
closing beyond normal Elixir garbage collection of the resource reference.
Returns {:ok, token_resource} on success, where token_resource is an
opaque reference representing the cancellation token.
Returns {:error, reason} in the unlikely event of a resource allocation failure.
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          @spec db_path(conn :: Xqlite.conn()) :: {:ok, String.t() | nil} | Xqlite.error()


      


Returns the filesystem path of the connection's main database.
{:ok, path} for file-backed databases. {:ok, nil} for databases
that have no backing file — in-memory and temporary databases
(SQLite reports an empty filename for those; it is normalized to
nil here).
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          @spec deserialize(
  conn :: Xqlite.conn(),
  schema :: String.t(),
  data :: binary(),
  read_only :: boolean()
) :: :ok | Xqlite.error()


      


Deserializes a binary into the named schema, replacing its contents.
The binary must be a valid SQLite database image (as produced by
serialize/2). After deserialization the connection operates on the
new database entirely in memory.
When read_only is true, write operations on the schema fail with
{:error, {:read_only_database, _, _}}. When false it is writable and
may grow as needed.
Use Xqlite.deserialize/4 for defaulted schema/read_only.
Returns :ok on success or {:error, reason} on failure.
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          @spec enable_load_extension(conn :: Xqlite.conn(), enabled :: boolean()) ::
  :ok | Xqlite.error()


      


Enables or disables extension loading for the given connection.
Extension loading is disabled by default for security. You must call
enable_load_extension(conn, true) before calling load_extension/2 or
load_extension/3. Call enable_load_extension(conn, false) when done
loading to re-lock the connection.
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          @spec execute(conn :: Xqlite.conn(), sql :: String.t(), params :: list() | keyword()) ::
  {:ok, non_neg_integer()} | Xqlite.error()


      


Executes a SQL statement that does not return rows (e.g., INSERT, UPDATE, DELETE, DDL).
conn is the database connection resource.
sql is the SQL statement string.
params is an optional list of positional parameters. Named parameters are not
supported for execute/3; use query/3 with INSERT ... RETURNING if named
parameters and result retrieval are needed for DML.
Use an empty list [] if the statement has no parameters.
Supported Elixir parameter types are integers, floats, strings, nil,
booleans (true/false), and binaries (blobs).
Returns {:ok, affected_rows} on success, where affected_rows is a non-negative
integer indicating the number of rows modified, inserted, or deleted. For DDL
statements like CREATE TABLE, affected_rows is typically 0.
Returns {:error, reason} on failure. For example, {:error, :execute_returned_results}
if a statement unexpectedly returns data (e.g., a SELECT statement or an
INSERT ... RETURNING statement was passed).
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          @spec execute_batch(conn :: Xqlite.conn(), sql_batch :: String.t()) ::
  :ok | Xqlite.error()


      


Executes one or more SQL statements separated by semicolons.
This function is useful for running multiple DDL statements, a series of DML
statements without parameters, or other sequences of SQL operations.
Parameters are not supported for statements within the batch.
conn is the database connection resource.
sql_batch is a string containing one or more SQL statements. SQLite executes
the statements sequentially. If an error occurs in one statement, subsequent
statements in the batch are typically not executed, and the function returns
an error. The changes made by prior successful statements within the batch
are usually persisted unless the batch execution occurs within an explicit
transaction that is later rolled back.
Returns :ok if all statements in the batch execute successfully.
Returns {:error, reason} if any statement fails.

  



  
    
      
    
    
      execute_batch_cancellable(conn, sql_batch, cancel_tokens)



        
          
        

    

  


  

      

          @spec execute_batch_cancellable(
  conn :: Xqlite.conn(),
  sql_batch :: String.t(),
  cancel_tokens :: [reference()]
) :: :ok | Xqlite.error()


      


Executes one or more SQL statements separated by semicolons, with support for cancellation.
This is a cancellable version of execute_batch/2.
See execute_batch/2 for details on parameters, return values, and general behavior.
cancel_tokens is a list of references; any signal cancels (OR-semantics).
Empty list = no cancellation.
Returns :ok if all statements in the batch execute successfully.
Returns {:error, :operation_cancelled} if any token was cancelled.
Returns {:error, other_reason} for other types of failures.

  



  
    
      
    
    
      execute_cancellable(conn, sql, params, cancel_tokens)



        
          
        

    

  


  

      

          @spec execute_cancellable(
  conn :: Xqlite.conn(),
  sql :: String.t(),
  params :: list(),
  cancel_tokens :: [reference()]
) :: {:ok, non_neg_integer()} | Xqlite.error()


      


Executes a SQL statement that does not return rows, with support for cancellation.
This is a cancellable version of execute/3.
See execute/3 for details on parameters, return values, and general behavior.
cancel_tokens is a list of references created by create_cancel_token/0;
any signal cancels the operation (OR-semantics). Empty list = no
cancellation.
Returns {:ok, affected_rows} on successful completion.
Returns {:error, :operation_cancelled} if any token was cancelled.
Returns {:error, other_reason} for other types of failures.
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          @spec explain_analyze(
  conn :: Xqlite.conn(),
  sql :: String.t(),
  params :: list() | keyword()
) :: {:ok, map()} | Xqlite.error()


      


Runs a SQL statement and returns a structured report of how SQLite executed it.
Combines three sources:
	EXPLAIN QUERY PLAN <sql> — SQLite's static query plan tree (under
:query_plan).
	sqlite3_stmt_scanstatus_v2 — per-scan runtime stats (under :scans),
one entry per loop in the executed plan.
	sqlite3_stmt_status — statement-level counters (under :stmt_counters).

Also reports wall-clock execution time and the number of rows produced. Rows
themselves are discarded — use query/3 if you need them.
The feature requires SQLite to be built with SQLITE_ENABLE_STMT_SCANSTATUS,
which xqlite enables in its bundled build.
Returns {:ok, report} where report is a map with the shape:
%{
  wall_time_ns: non_neg_integer(),
  rows_produced: non_neg_integer(),
  stmt_counters: %{
    fullscan_step: integer(),
    sort: integer(),
    autoindex: integer(),
    vm_step: integer(),
    reprepare: integer(),
    run: integer(),
    filter_miss: integer(),
    filter_hit: integer(),
    memused_bytes: integer()
  },
  scans: [%{
    loops: integer(),
    rows_visited: integer(),
    estimated_rows: float(),
    name: String.t(),
    explain: String.t(),
    selectid: integer(),
    parentid: integer()
  }],
  query_plan: [%{
    id: integer(),
    parent: integer(),
    detail: String.t()
  }]
}
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          @spec get_create_sql(conn :: Xqlite.conn(), object_name :: String.t()) ::
  {:ok, String.t() | nil} | Xqlite.error()


      


Retrieves the original SQL text used to create a specific schema object.
This function queries the sqlite_schema table (formerly sqlite_master)
for the sql column corresponding to the given object name.
conn is the database connection resource.
object_name (String.t()): The name of the table, index, trigger, or view
whose creation SQL is to be retrieved. Object names are typically case-sensitive.
Returns {:ok, sql_string} on success if the object exists, where sql_string
is the CREATE ... statement.
Returns {:ok, nil} if no object with the given name is found in the schema.
Returns {:error, reason} for other failures.
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          @spec get_pragma(conn :: Xqlite.conn(), name :: String.t()) ::
  {:ok, term() | :no_value} | Xqlite.error()


      


Reads the current value of an SQLite PRAGMA.
PRAGMA statements are used to modify the operation of the SQLite library or
to query the library for internal data. See SQLite documentation for a list
of available PRAGMAs.
conn is the database connection resource.
name is the string name of the PRAGMA to read (e.g., "user_version", "journal_mode").
Returns {:ok, value} where value is the PRAGMA's current value, converted
to an appropriate Elixir term (integer, string, boolean for some common 0/1 PRAGMAs).
Returns {:ok, :no_value} if the PRAGMA does not return a value (e.g., PRAGMA optimize)
or if the PRAGMA name is invalid/unknown to SQLite.
Returns {:error, reason} for other failures.
Note: Some PRAGMAs require an argument to read (e.g., PRAGMA table_info(table_name)).
This function is for PRAGMAs that are read without an argument or whose argument is
part of the name string itself if SQLite supports that syntax. For more complex
PRAGMA queries, use XqliteNIF.query/3. The Xqlite.Pragma module provides
higher-level helpers for many common PRAGMAs.
Reading wal_autocheckpoint reports xqlite's emulated threshold rather
than issuing the PRAGMA: SQLite only reports a threshold while its own
internal WAL hook occupies the hook slot, which xqlite's master callback
holds (see register_wal_hook/2). A raw PRAGMA wal_autocheckpoint;
query would always report 0 on an xqlite connection.
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          @spec last_insert_rowid(conn :: Xqlite.conn()) :: {:ok, integer()} | Xqlite.error()


      


Retrieves the rowid of the most recent successful INSERT into a rowid table.
This function calls SQLite's sqlite3_last_insert_rowid() for the given
connection. The value returned is the rowid of the last row inserted by an
INSERT statement on that specific database connection.
Important Considerations:
	The value is connection-specific. Inserts on other connections do not affect it.
	It is only updated by successful INSERT statements. Failed inserts, updates,
deletes, or other SQL statements do not change its value.
	It does not work for WITHOUT ROWID tables. For such tables, you must
use the INSERT ... RETURNING clause to get the primary key values of
inserted rows.
	If no successful INSERTs have occurred on the connection since it was
opened, this function typically returns 0.
	The rowid can be an alias for the INTEGER PRIMARY KEY column if one exists.

conn is the database connection resource.
Returns {:ok, rowid_integer} on success, where rowid_integer is the last
inserted rowid.
Returns {:error, reason} only in rare cases of severe connection failure, as
the underlying SQLite C function itself doesn't typically return errors that
map to common Xqlite.error() types beyond connection validity.
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          @spec load_extension(
  conn :: Xqlite.conn(),
  path :: String.t(),
  entry_point :: String.t() | nil
) :: :ok | Xqlite.error()


      


Loads a SQLite extension from the shared library at path.
Pass nil for entry_point to let SQLite auto-detect. Extension
loading must be enabled first via enable_load_extension/2.
Use Xqlite.load_extension/2 for a defaulted entry_point of nil.
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          @spec open(path :: String.t()) :: {:ok, Xqlite.conn()} | Xqlite.error()


      


Opens a connection to an SQLite database file.
path is the file path to the database. If the file does not exist,
SQLite will attempt to create it. URI filenames are supported
(e.g., "file:my_db.sqlite?mode=ro").
Returns {:ok, conn_resource} on success, where conn_resource is an
opaque reference to the database connection. Returns {:error, reason}
on failure, e.g., if the path is invalid or permissions are insufficient.
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          @spec open_in_memory(uri :: String.t()) :: {:ok, Xqlite.conn()} | Xqlite.error()


      


Opens a connection to an in-memory SQLite database identified by uri.
Pass ":memory:" for a private, temporary in-memory database, or a URI
filename like "file:memdb1?mode=memory&cache=shared" to create a
shared-cache in-memory database reachable from other connections in the
same process.
Returns {:ok, conn_resource} on success or {:error, reason} on failure.
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          @spec open_in_memory_readonly(uri :: String.t()) ::
  {:ok, Xqlite.conn()} | Xqlite.error()


      


Opens a read-only connection to an in-memory SQLite database identified
by uri.
Typical use is connecting to a named shared-cache in-memory database
opened read-write by another connection, e.g.
"file:memdb1?mode=memory&cache=shared". Pass ":memory:" for a
private, empty read-only database.
Uses SQLITE_OPEN_READ_ONLY | SQLITE_OPEN_NO_MUTEX | SQLITE_OPEN_MEMORY | SQLITE_OPEN_URI flags.
Returns {:ok, conn_resource} on success or {:error, reason} on failure.
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          @spec open_readonly(path :: String.t()) :: {:ok, Xqlite.conn()} | Xqlite.error()


      


Opens a read-only connection to an SQLite database file.
The database must already exist — SQLite will not create it.
Write operations (INSERT, UPDATE, DELETE, CREATE TABLE, etc.) will fail
with {:error, {:read_only_database, extended_code, message}}.
Uses SQLITE_OPEN_READ_ONLY | SQLITE_OPEN_NO_MUTEX | SQLITE_OPEN_URI flags.
Returns {:ok, conn_resource} on success or {:error, reason} on failure.
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          @spec open_temporary() :: {:ok, Xqlite.conn()} | Xqlite.error()


      


Opens a connection to a private, temporary on-disk SQLite database.
The database file is created by SQLite in a temporary location and is
automatically deleted when the connection is closed. Each call creates
a new, independent temporary database.
Returns {:ok, conn_resource} on success or {:error, reason} on failure.
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          @spec query(
  conn :: Xqlite.conn(),
  sql :: String.t(),
  params :: list() | keyword()
) :: {:ok, Xqlite.query_result()} | Xqlite.error()


      


Executes a SQL query that returns rows (e.g., SELECT, PRAGMA that returns data, INSERT ... RETURNING).
conn is the database connection resource.
sql is the SQL query string.
params is an optional list of positional parameters ([val1, val2]) or a
keyword list of named parameters ([name1: val1, name2: val2]).
Use an empty list [] if the query has no parameters.
Supported Elixir parameter types are integers, floats, strings, nil,
booleans (true/false), and binaries (blobs).
Returns {:ok, result_map} on success or {:error, reason} on failure.
The result_map is %{columns: [String.t()], rows: [[term()]], num_rows: non_neg_integer()}.
columns is a list of column name strings.
rows is a list of lists, where each inner list represents a row and contains
Elixir terms corresponding to the SQLite values.
num_rows is the count of rows fetched.
If the query is an INSERT ... RETURNING statement, the rows will contain
the returned values. For statements that do not return rows (e.g., a simple INSERT
without RETURNING), this function will likely succeed but return an empty
rows list and num_rows: 0, or potentially an error like :execute_returned_results
if SQLite's API indicates results were returned unexpectedly for a non-query.
It is generally recommended to use execute/3 for non-row-returning statements.
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          @spec query_cancellable(
  conn :: Xqlite.conn(),
  sql :: String.t(),
  params :: list() | keyword(),
  cancel_tokens :: [reference()]
) :: {:ok, Xqlite.query_result()} | Xqlite.error()


      


Executes a SQL query that returns rows, with support for cancellation.
This is a cancellable version of query/3.
See query/3 for details on parameters, return values, and general behavior.
conn is the database connection resource.
sql is the SQL query string.
params is an optional list of positional or keyword parameters.
cancel_tokens is a list of resources created by create_cancel_token/0.
If any token in the list is cancelled via cancel_operation/1 while the
query is executing, the query will be interrupted (OR-semantics — the
earliest signal wins). Pass an empty list to run without cancellation.
Use Xqlite.query_cancellable/4 to pass either a single token or a list;
this raw NIF accepts only the list form.
Returns {:ok, result_map} on successful completion, where result_map is
%{columns: [...], rows: [...], num_rows: ...}.
Returns {:error, :operation_cancelled} if the operation was cancelled.
Returns {:error, other_reason} for other types of failures.
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          @spec query_with_changes(
  conn :: Xqlite.conn(),
  sql :: String.t(),
  params :: list() | keyword()
) :: {:ok, map()} | Xqlite.error()


      


Executes a SQL query and returns results with the affected row count.
Returns {:ok, %{columns, rows, num_rows, changes}} where changes is
sqlite3_changes() captured atomically inside the connection lock. For
SELECT statements (non-empty columns), changes is 0. For DML, it's the
actual affected row count.
This is the recommended function when you need reliable affected row counts.
Unlike calling query/3 then changes/1 separately, the count is captured
before the lock is released, so it cannot be stale.

  



  
    
      
    
    
      query_with_changes_cancellable(conn, sql, params, cancel_tokens)



        
          
        

    

  


  

      

          @spec query_with_changes_cancellable(
  conn :: Xqlite.conn(),
  sql :: String.t(),
  params :: list() | keyword(),
  cancel_tokens :: [reference()]
) :: {:ok, map()} | Xqlite.error()


      


Cancellable version of query_with_changes/3.
cancel_tokens is a list of references; OR-semantics on cancellation.
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          @spec register_busy_observer(conn :: Xqlite.conn(), pid :: pid()) ::
  {:ok, non_neg_integer()} | Xqlite.error()


      


Registers a busy-contention observer on the connection (raw NIF).
Every SQLITE_BUSY callback invocation sends
{:xqlite_busy, retries_so_far, elapsed_ms}
to pid. Any number of observers can be registered; each returns a
handle for unregister_busy_observer/2. Observers fire whether or
not a retry policy is installed (with no policy, SQLITE_BUSY
surfaces to the caller right after the fan-out).
Returns {:ok, handle}.
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          @spec register_commit_hook(conn :: Xqlite.conn(), pid :: pid()) ::
  {:ok, non_neg_integer()} | Xqlite.error()


      


Registers a PID to receive commit events on the connection.
Multi-subscriber.
Immediately before each commit (regardless of journal mode), every
registered subscriber receives
{:xqlite_commit}
Observation-only — the master callback never vetoes the commit.
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          @spec register_log_hook(pid :: pid()) :: {:ok, non_neg_integer()} | Xqlite.error()


      


Registers a PID to receive SQLite diagnostic log events. Multi-subscriber.
SQLite's global log callback (sqlite3_config(SQLITE_CONFIG_LOG)) sends
diagnostic messages for events like auto-index creation, schema changes,
and warnings that don't surface as errors. Each registered PID receives
messages in the form {:xqlite_log, error_code, message}.
This is a global, per-process subscription — but multiple PIDs can
subscribe independently. The first call installs the master callback;
subsequent calls just add to the subscriber list. Use the returned
handle to unregister this specific subscriber via
unregister_log_hook/1.
Returns {:ok, handle} on success or {:error, reason} on failure.
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          @spec register_progress_hook(
  conn :: Xqlite.conn(),
  pid :: pid(),
  every_n :: pos_integer(),
  tag :: String.t() | nil
) :: {:ok, non_neg_integer()} | Xqlite.error()


      


Registers a progress-tick subscriber on the connection.
After every ~64 SQLite VM instructions (8 ops × every_n callback
invocations), forwards
{:xqlite_progress, count, elapsed_ms}              # tag = nil
{:xqlite_progress, tag, count, elapsed_ms}         # tag != nil
to pid. count is the per-subscriber decimated counter (starts at
0, incremented every callback fire, emit when divisible by every_n).
elapsed_ms is the wall time since this subscriber was registered.
Multiple subscribers can coexist on the same connection — each gets a
unique handle. Subscribers are independent: registering or
unregistering one never affects another. The registration handle is
the value returned in {:ok, handle} and is what unregister_progress_hook/2
expects.
every_n must be >= 1. tag is a string (typically
Atom.to_string(:my_atom) from the Xqlite.register_progress_hook/3
wrapper) used to disambiguate messages from multiple subscribers
inside the same listener process; pass nil to omit the tag.
This subscriber-list shares the SQLite progress-handler slot with
cancellation. Both compose: cancel signals interrupt the query
before tick emission. Tick subscribers do not affect cancellation
latency beyond a handful of nanoseconds per fire.
Returns {:ok, handle} on success or {:error, reason} on failure.
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          @spec register_rollback_hook(conn :: Xqlite.conn(), pid :: pid()) ::
  {:ok, non_neg_integer()} | Xqlite.error()


      


Registers a PID to receive rollback events on the connection.
Multi-subscriber.
After each rollback (whether user-initiated or forced by a constraint
/ deferred-FK failure at commit), every registered subscriber
receives
{:xqlite_rollback}
Note: SQLite does not invoke this callback for ROLLBACK TO SAVEPOINT operations — only for outer-transaction rollbacks.

  



  
    
      
    
    
      register_update_hook(conn, pid)



        
          
        

    

  


  

      

          @spec register_update_hook(conn :: Xqlite.conn(), pid :: pid()) ::
  {:ok, non_neg_integer()} | Xqlite.error()


      


Registers a PID to receive change notifications for this connection.
Multi-subscriber.
Each registered PID receives messages in the form:
{:xqlite_update, action, db_name, table_name, rowid} where:
	action is :insert, :update, or :delete
	db_name is the database name (e.g., "main", "temp")
	table_name is the table that was modified
	rowid is the rowid of the affected row

Multiple subscribers can coexist on the same connection — each gets a
unique handle. The callback fires for every subscriber on every
update. Use the returned handle to unregister via
unregister_update_hook/2.
The callback fires before the change is committed — if the enclosing
transaction rolls back, every subscriber will have already received
the notification.
Returns {:ok, handle} on success or {:error, reason} on failure.
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          @spec register_wal_hook(conn :: Xqlite.conn(), pid :: pid()) ::
  {:ok, non_neg_integer()} | Xqlite.error()


      


Registers a PID to receive WAL events on the connection. Multi-subscriber.
After each commit in WAL mode, every registered subscriber receives
{:xqlite_wal, db_name, pages}
— db_name is a binary ("main", "temp", or attached database
name), pages is a non-negative integer (number of frames in the WAL
log).
Useful for WAL-size monitoring and triggering manual checkpoints when
the log grows past a threshold. Multiple subscribers register
independently; each gets a unique handle.
WAL subscribers coexist with automatic checkpointing: SQLite's
wal_hook slot and its built-in autocheckpoint are mutually exclusive
at the C level, so xqlite's master callback emulates the
autocheckpoint itself (passive checkpoint once the WAL reaches the
wal_autocheckpoint threshold, default 1000 pages). Changing the
threshold through set_pragma/3 keeps both behaviors intact.
Warning — raw-SQL PRAGMA wal_autocheckpoint
Issuing PRAGMA wal_autocheckpoint = N through query/3,
execute/3, or execute_batch/2 installs SQLite's internal WAL
hook in place of ours: subscribers silently stop receiving events
(no memory is leaked). Only set_pragma/3 repairs the slot —
always set this PRAGMA through it.
Returns {:ok, handle} on success or {:error, reason} on failure.
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          @spec release_savepoint(conn :: Xqlite.conn(), name :: String.t()) ::
  :ok | Xqlite.error()


      


Releases a named savepoint.
Equivalent to executing RELEASE SAVEPOINT 'name'; or simply RELEASE 'name';.
This removes the specified savepoint and all savepoints established after it.
The changes made since the savepoint was established are incorporated into the
current transaction (i.e., they are not rolled back). The transaction remains active.
conn is the database connection resource.
name is the string identifier of an existing savepoint.
Returns :ok on success.
Returns {:error, reason} on failure (e.g., if the named savepoint does not
exist, or other SQLite errors).
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          @spec remove_authorizer(Xqlite.conn()) :: :ok | Xqlite.error()


      


Removes any authorizer from the connection (raw NIF).
Safe to call when none is installed (no-op). After removal, statement
preparation is unrestricted again.
Returns :ok.
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          @spec remove_busy_policy(Xqlite.conn()) :: :ok | Xqlite.error()


      


Removes the busy retry policy from the connection.
Observers keep receiving {:xqlite_busy, …} messages; without a
policy SQLite surfaces SQLITE_BUSY immediately after they fire.
Safe to call when no policy is installed.
Returns :ok.

  



  
    
      
    
    
      restore(conn, schema, src_path)



        
          
        

    

  


  

      

          @spec restore(
  conn :: Xqlite.conn(),
  schema :: String.t(),
  src_path :: String.t()
) :: :ok | Xqlite.error()


      


Restores the named schema from a file at src_path.
The connection's existing data in that schema is overwritten.
Use Xqlite.restore/2 for a defaulted "main" schema.

  



  
    
      
    
    
      rollback(conn)



        
          
        

    

  


  

      

          @spec rollback(conn :: Xqlite.conn()) :: :ok | Xqlite.error()


      


Rolls back the current database transaction.
Equivalent to executing the SQL statement ROLLBACK; or ROLLBACK TRANSACTION;.
All changes made within the transaction since the last COMMIT or SAVEPOINT
are discarded.
conn is the database connection resource.
Returns :ok on success.
Returns {:error, reason} if the transaction cannot be rolled back (e.g., if
no transaction is active, or due to other SQLite errors).

  



  
    
      
    
    
      rollback_to_savepoint(conn, name)



        
          
        

    

  


  

      

          @spec rollback_to_savepoint(conn :: Xqlite.conn(), name :: String.t()) ::
  :ok | Xqlite.error()


      


Rolls back the transaction to a named savepoint.
Equivalent to executing ROLLBACK TO SAVEPOINT 'name';. Changes made after
the specified savepoint are undone, but the savepoint itself remains active
(it is not released). The transaction also remains active.
conn is the database connection resource.
name is the string identifier of an existing savepoint.
Returns :ok on success.
Returns {:error, reason} on failure (e.g., if the named savepoint does not
exist, or other SQLite errors).

  



  
    
      
    
    
      savepoint(conn, name)



        
          
        

    

  


  

      

          @spec savepoint(conn :: Xqlite.conn(), name :: String.t()) :: :ok | Xqlite.error()


      


Creates a new savepoint within the current transaction.
Equivalent to executing SAVEPOINT 'name';. Savepoints allow partial rollbacks
of a transaction. If the current transaction is not a DEFERRED transaction,
a SAVEPOINT command will implicitly start one.
conn is the database connection resource.
name is a string identifier for the savepoint. Savepoint names can be reused,
and a new savepoint with an existing name will hide the older one.
Returns :ok on success.
Returns {:error, reason} on failure (e.g., if SQLite cannot create the savepoint).

  



  
    
      
    
    
      schema_columns(conn, table_name)



        
          
        

    

  


  

      

          @spec schema_columns(conn :: Xqlite.conn(), table_name :: String.t()) ::
  {:ok, [Xqlite.Schema.ColumnInfo.t()]} | Xqlite.error()


      


Retrieves detailed information about columns in a specific table or view.
Corresponds to the PRAGMA table_xinfo('table_name'); statement, which provides
more details than PRAGMA table_info, including column hidden status.
conn is the database connection resource.
table_name (String.t()): The name of the table or view for which to retrieve
column information. The name is case-sensitive based on SQLite's handling.
Returns {:ok, list_of_column_info} on success, where list_of_column_info
is a list of Xqlite.Schema.ColumnInfo structs, ordered by column ID.
If the table does not exist, an empty list is returned within the {:ok, []} tuple.
Each struct contains:
	:column_id (integer()): 0-indexed ID of the column within the table.
	:name (String.t()): Name of the column.
	:type_affinity (atom): Resolved data type affinity (e.g., :integer, :text).
	:declared_type (String.t()): Original data type string from CREATE TABLE.
	:nullable (boolean()): true if the column allows NULL values.
	:default_value (Xqlite.Schema.ColumnInfo.default_value/0): the
column default, classified — :none, {:literal, value},
{:blob, binary}, {:current, :time | :date | :timestamp}, or
{:expr, sql}. For generated columns this is :none; their
expression is not exposed by PRAGMA table_xinfo.
	:primary_key_index (non_neg_integer()): 1-based index within the PK if part of it, else 0.
	:hidden_kind (atom): Indicates if/how a column is hidden/generated
(e.g., :normal, :stored_generated, :virtual_generated).
Returns {:error, reason} for other failures.


  



  
    
      
    
    
      schema_databases(conn)



        
          
        

    

  


  

      

          @spec schema_databases(conn :: Xqlite.conn()) ::
  {:ok, [Xqlite.Schema.DatabaseInfo.t()]} | Xqlite.error()


      


Retrieves information about all attached databases for the connection.
Corresponds to the PRAGMA database_list; statement. Each active connection
has at least a "main" database and often a "temp" database. Additional
databases can be attached using the ATTACH DATABASE SQL command.
conn is the database connection resource.
Returns {:ok, list_of_database_info} on success, where list_of_database_info
is a list of Xqlite.Schema.DatabaseInfo structs.
Each struct contains:
	:name (String.t()): The logical name of the database (e.g., "main", "temp", or attached name).
	:file (String.t() | nil): The absolute path to the database file,
or nil for in-memory databases, or an empty string for temporary databases
opened with XqliteNIF.open_temporary/0.
Returns {:error, reason} on failure.



  



  
    
      
    
    
      schema_foreign_keys(conn, table_name)



        
          
        

    

  


  

      

          @spec schema_foreign_keys(conn :: Xqlite.conn(), table_name :: String.t()) ::
  {:ok, [Xqlite.Schema.ForeignKeyInfo.t()]} | Xqlite.error()


      


Retrieves information about foreign key constraints originating from a table.
Corresponds to the PRAGMA foreign_key_list('table_name'); statement.
This lists foreign keys defined on the specified table_name that
reference other tables.
conn is the database connection resource.
table_name (String.t()): The name of the table whose foreign key constraints
are to be listed. Case-sensitive based on SQLite's handling.
Returns {:ok, list_of_foreign_key_info} on success. list_of_foreign_key_info
is a list of Xqlite.Schema.ForeignKeyInfo structs. If the table does not
exist or has no foreign keys, an empty list is returned within the {:ok, []} tuple.
Each struct contains:
	:id (integer()): ID of the foreign key constraint (0-based index for the table).
	:column_sequence (integer()): 0-based index of the column within the FK (for compound FKs).
	:target_table (String.t()): Name of the table referenced by the foreign key.
	:from_column (String.t()): Name of the column in the current table that is part of the FK.
	:to_column (String.t() | nil): Name of the column in the target table referenced.

	:on_update (atom): Action on update (e.g., :cascade, :set_null).
	:on_delete (atom): Action on delete (e.g., :restrict, :no_action).
	:match_clause (atom): The MATCH clause type (e.g., :none, :simple).
Returns {:error, reason} for other failures.


  



  
    
      
    
    
      schema_index_columns(conn, index_name)



        
          
        

    

  


  

      

          @spec schema_index_columns(conn :: Xqlite.conn(), index_name :: String.t()) ::
  {:ok, [Xqlite.Schema.IndexColumnInfo.t()]} | Xqlite.error()


      


Retrieves detailed information about the columns that make up a specific index.
Corresponds to the PRAGMA index_xinfo('index_name'); statement, which provides
more details than PRAGMA index_info, including sort order, collation, and
whether a column is a key or an included column.
conn is the database connection resource.
index_name (String.t()): The name of the index for which to retrieve column
information. Index names are typically case-sensitive.
Returns {:ok, list_of_index_column_info} on success. list_of_index_column_info
is a list of Xqlite.Schema.IndexColumnInfo structs, ordered by their sequence
within the index definition. If the index does not exist, an empty list is
returned within the {:ok, []} tuple.
Each struct contains:
	:index_column_sequence (integer()): 0-based position of this column in the index key.
	:table_column_id (integer()): ID of the column in the base table (cid from
PRAGMA table_info). -1 for expressions not directly on a table column,
or for the rowid. -2 is sometimes used by SQLite for expressions in PRAGMA index_xinfo.
	:name (String.t() | nil): Name of the table column, or nil if the index is
on an expression or rowid.

	:sort_order (atom): Sort order (e.g., :asc, :desc).
	:collation (String.t()): Name of the collation sequence used.
	:is_key_column (boolean()): true if part of the primary index key, false if an
"included" column (SQLite >= 3.9.0).
Returns {:error, reason} for other failures.


  



  
    
      
    
    
      schema_indexes(conn, table_name)



        
          
        

    

  


  

      

          @spec schema_indexes(conn :: Xqlite.conn(), table_name :: String.t()) ::
  {:ok, [Xqlite.Schema.IndexInfo.t()]} | Xqlite.error()


      


Retrieves information about all indexes associated with a table.
Corresponds to the PRAGMA index_list('table_name'); statement. This includes
explicitly created indexes (CREATE INDEX) and indexes automatically created
by SQLite for PRIMARY KEY and UNIQUE constraints.
conn is the database connection resource.
table_name (String.t()): The name of the table whose indexes are to be listed.
Case-sensitive based on SQLite's handling.
Returns {:ok, list_of_index_info} on success. list_of_index_info is a list
of Xqlite.Schema.IndexInfo structs. If the table does not exist or has no
indexes, an empty list is returned within the {:ok, []} tuple.
Each struct contains:
	:name (String.t()): Name of the index.
	:unique (boolean()): true if the index enforces uniqueness.
	:origin (atom): How the index was created (e.g., :create_index,
:unique_constraint, :primary_key_constraint).
	:partial (boolean()): true if the index is partial (has a WHERE clause).
Returns {:error, reason} for other failures.


  



    

  
    
      
    
    
      schema_list_objects(conn, schema \\ nil)



        
          
        

    

  


  

      

          @spec schema_list_objects(conn :: Xqlite.conn(), schema_name :: String.t() | nil) ::
  {:ok, [Xqlite.Schema.SchemaObjectInfo.t()]} | Xqlite.error()


      


Lists schema objects (tables, views, etc.) in a specified database schema.
Corresponds to the PRAGMA table_list; statement, filtered by the optional
schema_name. This PRAGMA primarily lists tables, views, and virtual tables.
conn is the database connection resource.
schema_name (optional String.t()): The name of the schema (e.g., "main", "temp",
or an attached database name). If nil or omitted, information for all schemas
accessible by the connection may be returned (behavior can depend on how PRAGMA table_list
is implemented if no schema is specified, though SQLite typically defaults to "main" or all).
It is recommended to specify a schema for predictable results.
Returns {:ok, list_of_object_info} on success, where list_of_object_info
is a list of Xqlite.Schema.SchemaObjectInfo structs for objects matching
the specified schema.
Each struct contains:
	:schema (String.t()): Name of the schema containing the object.
	:name (String.t()): Name of the object.
	:object_type (atom): The type of object (e.g., :table, :view, :virtual).
	:column_count (integer()): Number of columns (meaningful for tables/views).
	:is_without_rowid (boolean()): true if the table was created with the WITHOUT ROWID optimization.
	:strict (boolean()): true if the table was declared using STRICT mode.
Returns {:error, reason} on failure.


  



  
    
      
    
    
      serialize(conn, schema)



        
          
        

    

  


  

      

          @spec serialize(conn :: Xqlite.conn(), schema :: String.t()) ::
  {:ok, binary()} | Xqlite.error()


      


Serializes an attached database to a contiguous binary.
Atomic, point-in-time snapshot. Use Xqlite.serialize/1 for a default
"main" schema.
Returns {:ok, binary} on success or {:error, reason} on failure.

  



  
    
      
    
    
      session_attach(session, table)



        
          
        

    

  


  

      

          @spec session_attach(session :: reference(), table :: String.t() | nil) ::
  :ok | Xqlite.error()


      


Attaches a table to be tracked by the session.
Pass a table name to track that table, or nil to track all tables.

  



  
    
      
    
    
      session_changeset(session)



        
          
        

    

  


  

      

          @spec session_changeset(session :: reference()) :: {:ok, binary()} | Xqlite.error()


      


Captures a changeset from the session.
Returns a binary containing all INSERT/UPDATE/DELETE operations
recorded since the session was created or the last changeset capture.

  



  
    
      
    
    
      session_delete(session)



        
          
        

    

  


  

      

          @spec session_delete(session :: reference()) :: :ok | Xqlite.error()


      


Deletes the session, releasing its resources.
The session handle must not be used after this call.

  



  
    
      
    
    
      session_is_empty(session)



        
          
        

    

  


  

      

          @spec session_is_empty(session :: reference()) :: boolean()


      


Returns true if the session has recorded no changes.

  



  
    
      
    
    
      session_new(conn)



        
          
        

    

  


  

      

          @spec session_new(conn :: Xqlite.conn()) :: {:ok, reference()} | Xqlite.error()


      


Creates a new change-tracking session on the connection.
Returns an opaque session handle. Attach tables to track with
session_attach/2 before making changes.

  



  
    
      
    
    
      session_patchset(session)



        
          
        

    

  


  

      

          @spec session_patchset(session :: reference()) :: {:ok, binary()} | Xqlite.error()


      


Captures a patchset from the session.
Like session_changeset/1 but the patchset format is more compact —
it omits original primary key values for UPDATE operations.

  



  
    
      
    
    
      set_authorizer(conn, denied_actions)



        
          
        

    

  


  

      

          @spec set_authorizer(conn :: Xqlite.conn(), denied_actions :: [atom()]) ::
  :ok | Xqlite.error()


      


Installs a deny-list authorizer on the connection (raw NIF).
Most users want Xqlite.set_authorizer/2.
SQLite consults the authorizer while preparing every statement.
denied_actions is a list of action-kind atoms (e.g. [:delete, :drop_table]); any statement whose action kind is in the list fails at
preparation with {:error, {:authorization_denied, extended_code, message}}.
Everything else is allowed. Granularity is the action kind only (table/column
arguments are ignored) and the only disposition is deny.
The list is validated in full before anything is installed: an
unrecognized atom returns {:error, {:invalid_authorizer_action, atom}}
and installs nothing. Single slot per connection — a second call replaces
the previous list.
Returns :ok.

  



  
    
      
    
    
      set_busy_policy(conn, max_retries, max_elapsed_ms, sleep_ms)



        
          
        

    

  


  

      

          @spec set_busy_policy(
  conn :: Xqlite.conn(),
  max_retries :: non_neg_integer(),
  max_elapsed_ms :: non_neg_integer(),
  sleep_ms :: non_neg_integer()
) :: :ok | Xqlite.error()


      


Sets the busy retry POLICY on the connection (raw NIF).
Most users want Xqlite.set_busy_policy/2, which accepts keyword
options with sane defaults.
When SQLite encounters a locked database (another writer holds
RESERVED+) the policy decides whether to retry or surface
SQLITE_BUSY to the caller. The policy is single-slot by design —
a retry decision cannot compose. For OBSERVING contention, register
any number of subscribers with register_busy_observer/2.
	max_retries — stop after this many retries and let the caller
see SQLITE_BUSY.
	max_elapsed_ms — absolute time ceiling in milliseconds from the
slot's first installation.
	sleep_ms — milliseconds to sleep between retries. Zero disables
the pause.

Replacing an existing policy is atomic; observers are unaffected.
Warning — PRAGMA busy_timeout silently replaces the callback
PRAGMA busy_timeout / sqlite3_busy_timeout replaces the whole
installed callback at the SQLite C level without going through our
atomic slot — the policy stops applying AND observers stop
receiving messages. No memory is leaked (the internal state is
reclaimed on the next slot mutation or connection close). Prefer
Xqlite.busy_timeout/2 to switch to plain-timeout semantics.
Returns :ok.

  



  
    
      
    
    
      set_pragma(conn, name, value)



        
          
        

    

  


  

      

          @spec set_pragma(conn :: Xqlite.conn(), name :: String.t(), value :: term()) ::
  {:ok, term()} | Xqlite.error()


      


Sets the value of an SQLite PRAGMA.
conn is the database connection resource.
name is the string name of the PRAGMA to set (e.g., "user_version", "foreign_keys").
value is the Elixir term to set the PRAGMA to. Supported Elixir types include:
	Integers
	Strings
	Booleans (true typically maps to ON or 1, false to OFF or 0)
	Atoms that SQLite can interpret (e.g., :on, :off, :wal, :delete).
Refer to SQLite documentation for valid values for specific PRAGMAs.

The NIF attempts to format the Elixir value into a string literal suitable
for the PRAGMA name = value_literal; SQL statement.
Returns {:ok, value} where value is what SQLite echoed back from the
PRAGMA assignment, or nil if the PRAGMA produced no output. For example,
PRAGMA journal_mode = wal returns {:ok, "wal"} on success. Note that
SQLite might silently ignore invalid PRAGMA names or invalid values for a
valid PRAGMA. Returns {:error, reason} if there's an issue preparing or
executing the PRAGMA statement (e.g., unsupported Elixir type for value,
syntax error).
Setting wal_autocheckpoint through this function additionally repairs
the WAL hook slot: the PRAGMA installs SQLite's internal autocheckpoint
callback in place of xqlite's master WAL callback, so this NIF
re-installs the master and mirrors the new threshold into its emulated
autocheckpoint (see register_wal_hook/2). Raw-SQL PRAGMA statements
get no such repair.
The Xqlite.Pragma module provides higher-level helpers for setting many
common PRAGMAs with more type safety.

  



  
    
      
    
    
      sqlite_version()



        
          
        

    

  


  

      

          @spec sqlite_version() :: {:ok, String.t()} | Xqlite.error()


      


Returns the version string of the underlying SQLite C library.
This is a runtime check and does not require an active database connection.
It is useful for diagnostics to confirm which version of SQLite the NIF
was linked against.

  



  
    
      
    
    
      stmt_bind(stmt, params)



        
          
        

    

  


  

      

          @spec stmt_bind(stmt :: Xqlite.stmt(), params :: list()) :: :ok | Xqlite.error()


      


Binds parameters to a prepared statement (raw NIF).
Most users want Xqlite.bind/2. Accepts a plain list (positional ?1,
?2, … — the count must match or {:error, {:invalid_parameter_count, %{provided: _, expected: _}}} is returned) or a keyword list (named
parameters). After stepping has started, stmt_reset/1 must run before
rebinding (SQLite lifecycle).

  



  
    
      
    
    
      stmt_clear_bindings(stmt)



        
          
        

    

  


  

      

          @spec stmt_clear_bindings(stmt :: Xqlite.stmt()) :: :ok | Xqlite.error()


      


Clears all parameter bindings on a prepared statement back to NULL (raw NIF).
Most users want Xqlite.clear_bindings/1.

  



  
    
      
    
    
      stmt_column_names(stmt)



        
          
        

    

  


  

      

          @spec stmt_column_names(stmt :: Xqlite.stmt()) :: {:ok, [String.t()]} | Xqlite.error()


      


Returns the result column names of a prepared statement (raw NIF).
Most users want Xqlite.column_names/1. Live statements read the names
directly, so SQLite's auto-reprepare after schema changes (e.g. SELECT *
re-expansion) is reflected; finalized statements answer with the
prepare-time snapshot.

  



  
    
      
    
    
      stmt_finalize(stmt)



        
          
        

    

  


  

      

          @spec stmt_finalize(stmt :: Xqlite.stmt()) :: :ok | Xqlite.error()


      


Finalizes a prepared statement, releasing its SQLite resources (raw NIF).
Most users want Xqlite.finalize/1. Idempotent — finalizing an
already-finalized statement returns :ok. Abandoned statements are also
finalized when garbage-collected, but explicit finalization is preferred:
closing a connection while statements are still outstanding keeps the
underlying SQLite handle alive until the process exits.

  



  
    
      
    
    
      stmt_multi_step(stmt, batch_size)



        
          
        

    

  


  

      

          @spec stmt_multi_step(stmt :: Xqlite.stmt(), batch_size :: pos_integer()) ::
  {:ok, %{rows: [[Xqlite.sqlite_value()]], done: boolean()}} | Xqlite.error()


      


Advances a prepared statement up to batch_size rows (raw NIF).
Most users want Xqlite.multi_step/2. Returns
{:ok, %{rows: rows, done: boolean}} — done: true means the statement
exhausted within this batch — or {:error, reason}.

  



  
    
      
    
    
      stmt_multi_step_cancellable(stmt, batch_size, tokens)



        
          
        

    

  


  

      

          @spec stmt_multi_step_cancellable(
  stmt :: Xqlite.stmt(),
  batch_size :: pos_integer(),
  tokens :: [reference()]
) :: {:ok, %{rows: [[Xqlite.sqlite_value()]], done: boolean()}} | Xqlite.error()


      


Advances a prepared statement up to batch_size rows, cancellable (raw NIF).
Most users want Xqlite.multi_step_cancellable/3. Same return shape as
stmt_multi_step/2; any signalled token in the list aborts the loop with
{:error, :operation_cancelled} (OR-semantics; an empty list means plain
stepping).

  



  
    
      
    
    
      stmt_prepare(conn, sql)



        
          
        

    

  


  

      

          @spec stmt_prepare(conn :: Xqlite.conn(), sql :: String.t()) ::
  {:ok, Xqlite.stmt()} | Xqlite.error()


      


Prepares a manually managed statement (raw NIF).
Most users want Xqlite.prepare/2. Compiles exactly ONE SQL statement:
whitespace/comment-only SQL and trailing statements after the first are
structured errors ({:cannot_execute, _} / :multiple_statements) — no
silent partial compilation. The returned handle must eventually be
finalized via stmt_finalize/1 (garbage collection also finalizes
abandoned handles).

  



  
    
      
    
    
      stmt_reset(stmt)



        
          
        

    

  


  

      

          @spec stmt_reset(stmt :: Xqlite.stmt()) :: :ok | Xqlite.error()


      


Resets a prepared statement so it can be stepped again (raw NIF).
Most users want Xqlite.reset/1. Bindings are preserved (SQLite
semantics) — use stmt_clear_bindings/1 to drop them. The return code of
sqlite3_reset echoes the most recent step error rather than reporting
the reset itself, so this returns :ok for any live statement.

  



  
    
      
    
    
      stmt_step(stmt)



        
          
        

    

  


  

      

          @spec stmt_step(stmt :: Xqlite.stmt()) ::
  {:row, [Xqlite.sqlite_value()]} | :done | Xqlite.error()


      


Advances a prepared statement one row (raw NIF).
Most users want Xqlite.step/1. Returns {:row, values} for a produced
row, :done when the statement is exhausted, or {:error, reason}.

  



  
    
      
    
    
      stream_close(stream_handle)



        
          
        

    

  


  

      

          @spec stream_close(stream_handle :: reference()) :: :ok | Xqlite.error()


      


Closes an active stream and releases its underlying SQLite statement resources.
This function should be called when a stream is no longer needed, either
after all rows have been consumed or if the stream needs to be abandoned
prematurely. It is safe to call this function multiple times on the same handle;
subsequent calls after the first will be no-ops.
stream_handle is the opaque resource returned by stream_open/4.
Returns :ok if successful, or {:error, reason} if the handle is invalid
or an error occurs during finalization (rare).

  



  
    
      
    
    
      stream_fetch(stream_handle, batch_size)



        
          
        

    

  


  

      

          @spec stream_fetch(stream_handle :: reference(), batch_size :: pos_integer()) ::
  {:ok, stream_fetch_ok_result()} | :done | Xqlite.error()


      


Fetches a batch of rows from an active stream handle.
stream_handle is the opaque resource obtained from stream_open/4.
batch_size indicates the maximum number of rows to fetch in this call.
A batch_size of 0 will return an empty list of rows without advancing
the stream, unless the stream is already exhausted (in which case it returns :done).
Returns:
	{:ok, %{rows: [[term()]]}} if rows are fetched. The inner list represents a row,
and the outer list is the batch of rows. The list of rows may be empty if
batch_size was 0 and the stream is not yet done, or if the query itself
yielded results but this particular fetch point encountered no more rows before
hitting SQLITE_DONE or an error within the batch limit.
	:done to indicate the end of the stream (all rows have been consumed).
	{:error, reason} if an error occurs during fetching from SQLite.


  



  
    
      
    
    
      stream_get_columns(stream_handle)



        
          
        

    

  


  

      

          @spec stream_get_columns(stream_handle :: reference()) ::
  {:ok, [String.t()]} | Xqlite.error()


      


Retrieves the column names for an opened stream.
stream_handle is the opaque resource returned by stream_open/4.
Returns {:ok, list_of_column_names} where list_of_column_names is a list of strings,
or {:error, reason} if the handle is invalid or another error occurs.
The list of column names will be empty if the query yields no columns.

  



    

  
    
      
    
    
      stream_open(conn, sql, params, opts \\ [])



        
          
        

    

  


  

      

          @spec stream_open(
  conn :: Xqlite.conn(),
  sql :: String.t(),
  params :: list() | keyword(),
  opts :: keyword()
) :: {:ok, reference()} | Xqlite.error()


      


Prepares a SQL query for streaming and returns an opaque stream handle resource.
This function does not execute the query immediately but prepares it for
row-by-row fetching. The returned handle is opaque and must be used with
other stream_* NIF functions or managed by a higher-level streaming abstraction
like Xqlite.stream/4.
conn is the database connection resource.
sql is the SQL query string.
params is a list of positional parameters or a keyword list of named parameters.
opts is a keyword list for future stream-specific options (currently unused).
Returns {:ok, stream_handle_resource} or {:error, reason}.
The stream_handle_resource is an opaque reference.

  



  
    
      
    
    
      total_changes(conn)



        
          
        

    

  


  

      

          @spec total_changes(conn :: Xqlite.conn()) ::
  {:ok, non_neg_integer()} | Xqlite.error()


      


Returns the total number of rows modified, inserted, or deleted by all
INSERT, UPDATE, or DELETE statements since the connection was
opened, including changes from triggers.

  



  
    
      
    
    
      transaction_status(conn)



        
          
        

    

  


  

      

          @spec transaction_status(conn :: Xqlite.conn()) :: {:ok, boolean()} | Xqlite.error()


      


Returns whether the connection is currently inside a transaction.
Returns {:ok, true} if a transaction is active (i.e., after begin/2
and before commit/1 or rollback/1).
Returns {:ok, false} if the connection is in autocommit mode.

  



    

  
    
      
    
    
      txn_state(conn, schema \\ nil)



        
          
        

    

  


  

      

          @spec txn_state(Xqlite.conn(), String.t() | nil) ::
  {:ok, :none | :read | :write | :unknown} | Xqlite.error()


      


Returns the transaction state for the given schema (defaults to "main").
Equivalent to sqlite3_txn_state. Zero-cost; always available.
Possible values:
	:none — no transaction active on this schema.
	:read — a read transaction is active (SHARED lock).
	:write — a write transaction is active (RESERVED+ lock).
	:unknown — future variants (SQLite added a state we don't map yet).

Why not a full 5-state lock ladder?
sqlite3_file_control(SQLITE_FCNTL_LOCKSTATE) would give the full
NONE / SHARED / RESERVED / PENDING / EXCLUSIVE picture, but it requires
SQLite compiled with SQLITE_DEBUG — a build flag that enables every
assert() inside SQLite with a real performance cost. We do not compile
with it. txn_state is the honest production-safe substitute.

  



  
    
      
    
    
      unregister_busy_observer(conn, handle)



        
          
        

    

  


  

      

          @spec unregister_busy_observer(conn :: Xqlite.conn(), handle :: non_neg_integer()) ::
  :ok | Xqlite.error()


      


Unregisters a busy-contention observer by handle.
Idempotent — an unknown or already-removed handle is a no-op.
Returns :ok.

  



  
    
      
    
    
      unregister_commit_hook(conn, handle)



        
          
        

    

  


  

      

          @spec unregister_commit_hook(conn :: Xqlite.conn(), handle :: non_neg_integer()) ::
  :ok | Xqlite.error()


      


Unregisters a commit subscriber by handle. Idempotent.

  



  
    
      
    
    
      unregister_log_hook(handle)



        
          
        

    

  


  

      

          @spec unregister_log_hook(handle :: non_neg_integer()) :: :ok | Xqlite.error()


      


Unregisters a log subscriber by handle. Idempotent — unknown handles
are no-ops.

  



  
    
      
    
    
      unregister_progress_hook(conn, handle)



        
          
        

    

  


  

      

          @spec unregister_progress_hook(conn :: Xqlite.conn(), handle :: non_neg_integer()) ::
  :ok | Xqlite.error()


      


Unregisters a progress-tick subscriber by its handle.
Idempotent — passing an unknown handle (already-unregistered, or
never registered on this connection) is a no-op and returns :ok.
Returns :ok on success or {:error, :connection_closed} if the
connection has been closed.

  



  
    
      
    
    
      unregister_rollback_hook(conn, handle)



        
          
        

    

  


  

      

          @spec unregister_rollback_hook(conn :: Xqlite.conn(), handle :: non_neg_integer()) ::
  :ok | Xqlite.error()


      


Unregisters a rollback subscriber by handle. Idempotent.

  



  
    
      
    
    
      unregister_update_hook(conn, handle)



        
          
        

    

  


  

      

          @spec unregister_update_hook(conn :: Xqlite.conn(), handle :: non_neg_integer()) ::
  :ok | Xqlite.error()


      


Unregisters an update subscriber by handle. Idempotent — unknown
handles are no-ops.
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          @spec unregister_wal_hook(conn :: Xqlite.conn(), handle :: non_neg_integer()) ::
  :ok | Xqlite.error()


      


Unregisters a WAL subscriber by handle. Idempotent.

  



    

    

  
    
      
    
    
      wal_checkpoint(conn, mode \\ :passive, schema \\ nil)



        
          
        

    

  


  

      

          @spec wal_checkpoint(
  Xqlite.conn(),
  :passive | :full | :restart | :truncate,
  String.t() | nil
) :: {:ok, map()} | Xqlite.error()


      


Forces a WAL checkpoint. Equivalent to sqlite3_wal_checkpoint_v2.
mode picks the checkpoint strategy:
	:passive (default) — checkpoints as many pages as possible
without blocking readers or writers. Never returns busy: true.
	:full — waits for any concurrent writers to finish, then
checkpoints all pages. Will set busy: true if readers prevent
completion.
	:restart — as :full, plus waits for existing readers to
drain so the next writer can restart the WAL from the beginning.
	:truncate — as :restart, plus truncates the WAL file on disk.

schema is the attached-database name (defaults to nil, meaning the
main database).
Returns {:ok, %{log_pages: n, checkpointed_pages: n, busy: bool}}:
	log_pages — size of the WAL log in pages after the checkpoint,
or -1 if WAL mode is not active.
	checkpointed_pages — number of pages the checkpoint actually
moved from the WAL into the main database, or -1 if inactive.
	busy — true if the checkpoint did not complete all of its work
because other connections held back progress. log_pages /
checkpointed_pages are still populated with partial data.


  


        

      


  

    
Xqlite.PragmaSpec 
    



      
Describes the capabilities and validation rules for a single SQLite PRAGMA.
Used as the value type in the Xqlite.Pragma.schema/0 map. Each struct fully
describes how a PRAGMA can be read, written, validated, and post-processed.
Fields
	return_type — what GET returns: :int, :text, :bool, :list, or :nothing
	read_arities — which arities support GET: [0], [1], [0, 1], or []
	schema_prefix — whether PRAGMA db_name.pragma_name is allowed
	writable — whether SET is supported
	valid_values — pre-flight validation for SET: Range.t(), [term()], or nil
	int_mapping — maps raw integer GET results to atoms (e.g. %{0 => :none})
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          @type t() :: %Xqlite.PragmaSpec{
  int_mapping: %{required(integer()) => atom() | boolean()} | nil,
  read_arities: [0 | 1],
  return_type: :int | :text | :bool | :list | :nothing,
  schema_prefix: boolean(),
  valid_values: Range.t() | [term()] | nil,
  writable: boolean()
}


      



  


        

      


  

    
Xqlite.StreamError exception
    



      
Raised when a mid-stream fetch fails and the stream was opened with
on_error: :raise (the default mode of Xqlite.stream/4).
Streaming is the one place where xqlite departs from its tuples-only
contract: Stream.resource/3 cannot hand an error back to the consumer
as a return value, so the default surfaces mid-fetch failures as this
exception (mirroring how Ecto/DBConnection streams behave). The
structured failure is preserved verbatim in :reason (an
Xqlite.error_reason/0 term such as {:utf8_error, column, detail})
so callers can inspect it; :message is always a human-readable binary
derived from that reason.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Xqlite.StreamError{
  __exception__: term(),
  message: binary(),
  reason: term()
}


      



  


        

      


  

    
mix test.seq 
    



      
Runs all test files sequentially, each in its own OS process.
This avoids SQLite's global VFS contention that causes spurious
"out of memory" errors when test files run in parallel.
Every file runs with warnings-as-errors: the :test alias in
mix.exs adds --warnings-as-errors to each child mix test
invocation, so test-file compilation warnings fail that file's run.
elixirc_options only gates lib/ — test .exs files compile at
test time, so the alias is the only place they can be enforced.
Usage
mix test.seq
mix test.seq --trace
mix test.seq --cover   # per-file .coverdata exports under cover/
With --cover, each file's OS process exports a distinctly named
.coverdata (derived from the file path), so runs don't overwrite
each other. Merge and publish afterwards, e.g.
mix coveralls.github --import-cover cover test/xqlite_test.exs.
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Callback implementation for Mix.Task.run/1.

  


        

      


  

    
mix verify 
    



      
Runs all checks that CI will enforce, in fast-to-slow order.
Stops on the first failure. Designed to be run before every commit
to avoid pushing code that will fail CI.
Steps
	Elixir formatting (mix format --check-formatted)
	Rust formatting (cargo fmt --check)
	Elixir compilation with warnings as errors
	Dependency vulnerability audit (mix deps.audit)
	Sobelow static security analysis (mix sobelow)
	Rust clippy with denied warnings
	Rust unit tests (cargo test)
	Dialyzer type checks
	Full Elixir test suite (mix test.seq)

Usage
mix verify
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        Callback implementation for Mix.Task.run/1.
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Callback implementation for Mix.Task.run/1.
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