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    QuackDB 🦆

[image: Hex.pm] [image: Documentation] [image: License]
DuckDB for Elixir applications. One dependency gives you an OTP-supervised DuckDB process, a DBConnection client, and an Ecto adapter with a query DSL for analytical SQL, speaking DuckDB's Quack protocol.
defmodule MyApp.Analytics do
  use QuackDB.Ecto

  alias QuackDB.Source

  # Daily API latency for a month, read straight from the lakehouse,
  # with every day present even when nothing happened.
  def daily_latency(month) do
    events = Source.parquet("s3://bucket/events/*.parquet", hive_partitioning: true)

    query =
      from day in series(month),
        left_join: event in ^events,
        on: event.occurred_on == day.value and regexp_matches(event.path, ~r"^/api/"),
        group_by: day.value,
        order_by: day.value,
        select: %{
          day: day.value,
          requests: count(event.id),
          errors: filter(count(event.id), event.status >= 500),
          p95_ms: quantile_cont(event.duration_ms, 0.95),
          slowest: arg_max(event.path, event.duration_ms)
        }

    QuackDB.Explorer.dataframe!(MyApp.AnalyticsRepo, query)
  end
end

MyApp.Analytics.daily_latency(Date.range(~D[2024-01-01], ~D[2024-01-31]))
#=> #Explorer.DataFrame<
#     Polars[31 x 5]
#     day date [2024-01-01, 2024-01-02, 2024-01-03, ...]
#     errors s64 [1, 0, 0, ...]
#     p95_ms f64 [861.0, nil, 300.0, ...]
#     requests s64 [2, 0, 1, ...]
#     slowest string ["/api/users", nil, "/api/orders", ...]
#   >
A Date.Range is a calendar source, a Parquet glob on S3 is a table, the regex is an Elixir sigil that runs as RE2, filter and arg_max are the aggregates plain Ecto lacks, and the result is a dataframe.
Why QuackDB
DuckDB is already excellent at analytical SQL. QuackDB does the Elixir side properly: DuckDB runs as a supervised child of your application, connections are pooled through DBConnection with transactions and streams, and the queries you would otherwise assemble as SQL strings compose as Ecto queries with DuckDB's own functions, sources, and extensions available as macros.
Values stay Elixir-native: Duration steps for series, %Geo.*{} structs for spatial, Date.Range for calendars, maps and lists for STRUCT, MAP, and LIST, Explorer dataframes in and out, and Explorer's :nan, :infinity, and :neg_infinity for the floats the BEAM cannot represent. Anything DuckDB can decode but QuackDB cannot represent raises an explicit error rather than a lossy value.
You never have to write SQL. What Ecto queries do not model has an Elixir builder: QuackDB.DDL for tables, sequences, CREATE TABLE AS, and inline checks; QuackDB.DML for inserts, INSERT ... SELECT, deletes, and MERGE INTO; QuackDB.SQL for PIVOT, UNPIVOT, GROUPING SETS, ROLLUP, CUBE, EXPLAIN, and settings; QuackDB.Analytics for SUMMARIZE; QuackDB.FTS, Source, Secret, and Extension for the extensions. Every builder returns iodata with parameters kept separate, so it runs through the same pooled sessions and telemetry as a query. A SQL string is accepted wherever a builder is, for the day you want one.
	Elixir layer	What QuackDB adds
	OTP	supervised local DuckDB server, managed binary, restartable child specs
	DBConnection	pooled Quack sessions, queries, streams, transactions
	Ecto	adapter, query DSL, analytical helpers, migrations, writes
	Explorer	dataframe append and dataframe-friendly results
	Geo	%Geo.*{} params and WKB/GeoJSON workflows
	Table.Reader	Livebook and dataframe-friendly result consumption
	Telemetry	query, append, and fetch spans
	Mix	quackdb.install task for managed DuckDB binaries

Installation
def deps do
  [
    {:quackdb, "~> 0.7.0"}
  ]
end
Optional integrations light up when their packages are present:
{:ecto_sql, "~> 3.13"},   # Ecto adapter, query DSL, migrations
{:explorer, "~> 0.11"},   # dataframe append and results
{:geo, "~> 4.1"}          # %Geo.*{} spatial values
QuackDB needs DuckDB 2.0 with the quack extension; it speaks Quack protocol version 3, which DuckDB 1.5 does not serve. With duckdb: :managed it downloads and verifies DuckDB's official CLI binary on first start, so nothing else has to be installed.
Quick start
Add DuckDB and a Repo to your supervision tree:
children =
  QuackDB.Server.child_specs(
    server: [name: MyApp.DuckDB, duckdb: :managed, database: "analytics.duckdb"],
    client: {MyApp.AnalyticsRepo, pool_size: 2}
  )

Supervisor.start_link(children, strategy: :rest_for_one)
defmodule MyApp.AnalyticsRepo do
  use Ecto.Repo, otp_app: :my_app, adapter: Ecto.Adapters.QuackDB
end
child_specs/1 generates one token and injects the matching URI and token into both children. Then query:
MyApp.AnalyticsRepo.query!("SELECT 42 AS answer").rows
#=> [[42]]

MyApp.AnalyticsRepo.all(MyApp.Analytics.category_latency())
Without Ecto, the DBConnection client works on its own:
{:ok, conn} = QuackDB.start_link(uri: "http://[::1]:9494", token: "super_secret")
{:ok, result} = QuackDB.query(conn, "SELECT ? AS name, ? AS n", ["duck", 42])
result.rows
#=> [["duck", 42]]
See Getting started and Managed DuckDB.
Queries
use QuackDB.Ecto imports DuckDB's analytical aggregates, date and timestamp series, text and RE2 regex predicates, list, map, and struct helpers, window frames, and conditionals as macros that compose with ordinary Ecto queries:
from day in series(Date.range(~D[2024-01-01], ~D[2024-01-31])),
  left_join: event in "events",
  on: event.occurred_on == day.value,
  group_by: day.value,
  select: %{day: day.value, events: count(event.id), slow: filter(count(event.id), event.duration_ms > 1_000)}
Sources are Ecto sources too: Source.parquet/2, Source.csv/2, Source.json/2, and lakehouse catalogs can be queried where the data already lives, and materialized with QuackDB.DDL.create_table(as: query) when you want an index on them.
Delta and DuckLake tables keep their history, and any Ecto query reads them at an earlier snapshot, preloads included:
Order |> preload(:items) |> Repo.all(snapshot: ~U[2026-10-20 14:03:11Z])
See the Ecto guide, Sources, Snapshots and time travel, Full-text search, and Spatial.
Statements as Elixir
DDL, DML, and DuckDB's statement-level extensions are Elixir data, not strings:
alias QuackDB.{DDL, DML, FTS, SQL, Source}

Repo.query!(DDL.create_table("docs", as: from(d in Source.parquet("s3://bucket/docs/*.parquet"), select: %{id: d.id, body: d.body})))
Repo.query!(FTS.create_index("docs", :id, [:body], overwrite: true))
Repo.query!(SQL.pivot(:events, on: :kind, using: [sum: :n]))

{sql, params} = DML.delete_from(:events, where: [kind: "test", day: day])
Repo.query!(sql, params)
Writes
Rows, columns, Explorer dataframes, Table.Reader data, and streams go in as binary DuckDB vectors that the server reads straight into an INSERT, instead of as generated VALUES SQL. The same path takes ON CONFLICT and RETURNING:
QuackDB.insert_rows!(conn, "events", [[id: 1, name: "duck", tags: ["bird", "wetland"]]])

File.stream!("events.ndjson")
|> Stream.map(&JSON.decode!/1)
|> QuackDB.insert_stream!(MyApp.AnalyticsRepo, "events", chunk_every: 10_000)

MyApp.AnalyticsRepo.insert_all(MyApp.Event, rows, insert_method: :append, returning: [:id])
See the Writes guide and Explorer.
Results and observability
QuackDB.Result implements Table.Reader, so results drop into Livebook, Explorer.DataFrame.new/1, and VegaLite as they are. Telemetry spans cover every query, append, and fetch; QuackDB.Profile returns DuckDB's own operator timings; QuackDB.Storage and QuackDB.Meta expose storage and catalog metadata as structs.
See Observability and Telemetry.
Ecto coverage
The adapter covers schema reads and writes, insert_all with upserts and RETURNING, update_all and delete_all, transactions, explain, and migrations with tables, columns, references, indexes, primary keys, and check constraints. It targets analytical workloads and states its limits explicitly; the coverage matrix lists every construct and its status.
Documentation
Guides, the type support reference, protocol coverage, and runnable examples on HexDocs.
Part of Elixir Vibe
QuackDB gives Elixir applications an OTP-supervised DuckDB with an Ecto adapter — the local-first analytics store the stack's memory lives in.
It is one building block of a larger stack — tools that make AI-generated
software checkable: structural search, dependence analysis, duplication and
slop detection, session replay, and ecosystem-wide code search. See the
Elixir Vibe organization for the rest, and
Building Blocks for the Future Web
for the thesis, architecture, and roadmap that tie them together.
License
MIT © 2026 Danila Poyarkov


  

    Contributing

Thanks for helping improve QuackDB. Protocol correctness and clear unsupported-feature errors matter more than broad but lossy behavior.
Local checks
Run the standard local gate before opening a PR or preparing release-readiness changes:
mix ci
rm -rf doc && mix docs

mix ci includes compilation with warnings-as-errors, formatting, tests, Credo/ExSlop, ExDNA, Reach, and Dialyzer. Dialyzer warnings should be fixed when practical; add entries to .dialyzer_ignore.exs only for intentional unsupported callbacks or other reviewed false positives.
Real DuckDB Quack integration
Changes that affect protocol decoding/encoding, DBConnection behavior, Ecto SQL semantics, local server supervision, DuckDB helper SQL, or example workflows should also run against a real DuckDB Quack server.
mix ci runs integration tests automatically when a local DuckDB executable is available. If no executable is found, integration tests are excluded by default. To skip them explicitly:
QUACKDB_SKIP_INTEGRATION=1 mix ci

To force the managed DuckDB binary path:
QUACKDB_TEST_DUCKDB=managed mix test --include integration

To use a specific executable:
QUACKDB_TEST_DUCKDB=/path/to/duckdb mix test --include integration

To reuse an already-running server instead of starting one from the test helper:
duckdb -csv -noheader -interactive -init /dev/null \
  -cmd "LOAD quack; CALL quack_serve('quack:localhost', token='super_secret');"

QUACKDB_TEST_URI='http://[::1]:9494' \
QUACKDB_TEST_TOKEN=super_secret \
mix test --include integration

DuckDB function snapshots
QuackDB keeps a maintainer-generated DuckDB function catalog snapshot under priv/duckdb_functions/current.exs. Use it to audit curated Ecto analytical helpers against DuckDB runtime metadata without making normal package compilation depend on a live DuckDB server.
Regenerate it with a running Quack server:
QUACKDB_URI='http://[::1]:9494' \
QUACKDB_TOKEN=super_secret \
mix quackdb.functions.snapshot

The task records the normalized scalar/aggregate/macro function catalog plus post-processed helper candidates. Review snapshot diffs before committing; do not expose every candidate automatically.
Example smoke checks
Run examples from outside the Mix project so Mix.install/2 can load the local package:
cd /tmp
MIX_INSTALL_DIR=/tmp/quackdb-example-query elixir /path/to/quackdb/examples/query_observability.exs
MIX_INSTALL_DIR=/tmp/quackdb-example-dataframe elixir /path/to/quackdb/examples/dataframe_analytics.exs
MIX_INSTALL_DIR=/tmp/quackdb-example-fts elixir /path/to/quackdb/examples/full_text_search.exs
SMOKE=1 ROWS=10 BATCH_SIZE=5 MIX_INSTALL_DIR=/tmp/quackdb-example-append \
  elixir /path/to/quackdb/examples/append_benchmark.exs

cd /path/to/quackdb/examples/spatial_wms
mix deps.get
mix compile --warnings-as-errors

Package audit
Before release-readiness changes, inspect the unpacked Hex package:
rm -rf quackdb-*.tar quackdb-*/
mix hex.build --unpack
find quackdb-* -type f | sort

if find quackdb-* \
  \( -path '*/examples/*' \
     -o -path '*docs/research*' \
     -o -path '*docs/testing*' \
     -o -path '*deps*' \
     -o -path '*_build*' \) -print | grep .; then
  echo "unexpected files in package" >&2
  exit 1
fi

Expected package contents are intentionally limited to the public package surface:
	lib/
	guides/
	docs/protocol/
	docs/ecto-analytical-coverage.md
	README.md
	CHANGELOG.md
	CONTRIBUTING.md
	LICENSE
	.dialyzer_ignore.exs
	.formatter.exs
	mix.exs

The package should not include:
	examples/
	docs/research/
	docs/testing/
	test/
	deps/
	_build/
	local tmp/ artifacts

Optional dependency smoke
QuackDB has optional integrations for Ecto, Explorer, Geo, Table, and FSST. Optional dependency-backed modules should not emit compile warnings when optional dependencies are absent.
A minimal smoke project can verify this:
cd /tmp
rm -rf quackdb_minimal_smoke
mix new quackdb_minimal_smoke --sup
cd quackdb_minimal_smoke

Set deps/0 in mix.exs to:
defp deps do
  [
    {:quackdb, path: "/path/to/quackdb"}
  ]
end
Then compile with warnings as errors:
MIX_HOME=/tmp/quackdb-minimal-mix \
MIX_BUILD_PATH=/tmp/quackdb-minimal-build \
mix deps.get

MIX_HOME=/tmp/quackdb-minimal-mix \
MIX_BUILD_PATH=/tmp/quackdb-minimal-build \
mix compile --warnings-as-errors

Release policy
Do not publish, tag, or create GitHub releases unless explicitly requested. Before a release candidate, review CHANGELOG.md, README.md, guides, package contents, and example smoke output.


  

    Getting started

QuackDB connects Elixir applications to a DuckDB process through DuckDB's Quack protocol. The client talks to the Quack HTTP endpoint, decodes DuckDB result chunks, and exposes the connection through DBConnection.
Requirements
	Elixir 1.19 or newer
	DuckDB 2.0 with the quack extension (Quack protocol version 3). Connecting to a DuckDB 1.5 server fails with :unsupported_quack_version; QuackDB 0.5 is the release line for DuckDB 1.5.
	A running Quack server

Install
Add :quackdb to your dependencies:
def deps do
  [
    {:quackdb, "~> 0.7.0"}
  ]
end
Optional integrations are compiled only when their packages are available. Add Explorer when you want dataframe handoff helpers:
def deps do
  [
    {:quackdb, "~> 0.7.0"},
    {:explorer, "~> 0.11"}
  ]
end
Then fetch dependencies:
mix deps.get

Start DuckDB with Quack
For local development, QuackDB can supervise DuckDB's external CLI process for you:
children =
  QuackDB.Server.child_specs(
    server: [name: MyApp.DuckDB, duckdb: :managed, endpoint: "quack:localhost:9494"],
    client: [name: MyApp.QuackDB, pool_size: System.schedulers_online()]
  )
child_specs/1 generates one shared random token and injects the matching URI/token into both child specs. Pass :token on either side when you want to provide it yourself.
duckdb: :managed downloads and caches DuckDB's official CLI binary when the local server starts. Managed downloads are checksum-verified for QuackDB.Binary.default_version/0; other DuckDB versions require passing an explicit :sha256. QuackDB.Server runs DuckDB's idempotent INSTALL quack and then LOAD quack by default before serving. It writes generated boot SQL to an Elixir-managed temporary init file by default, so generated local server tokens are not embedded in process arguments. Set install_quack?: false only for locked-down environments that preinstall extensions and forbid startup-time extension installation. For explicit setup, run:
mix quackdb.install
mix quackdb.install --print-path

Use QUACKDB_BINARY_PATH or pass duckdb: "/path/to/duckdb" when you want QuackDB to use a system or custom executable instead. See the managed DuckDB guide for cache, checksum, and target-prefetch options.
Or start DuckDB manually with the quack extension loaded:
duckdb -interactive -init /dev/null \
  -cmd "INSTALL quack; LOAD quack; CALL quack_serve('quack:localhost', token='super_secret');"

On some systems, quack:localhost binds to IPv6 localhost. If http://localhost:9494 does not connect, use http://[::1]:9494.
Connect from Elixir
{:ok, conn} =
  QuackDB.start_link(
    uri: "http://[::1]:9494",
    token: "super_secret"
  )
QuackDB.start_link/1 starts a DBConnection process. You can pass the connection to QuackDB.ping/2, QuackDB.query/4, QuackDB.prepare_execute/4, QuackDB.stream/4, or DBConnection APIs.
Run a query
:ok = QuackDB.ping(conn)

{:ok, result} = QuackDB.query(conn, "SELECT 1 AS n")

result.columns
#=> ["n"]

result.rows
#=> [[1]]

result.num_rows
#=> 1
rows are row-oriented lists. This shape is convenient for DBConnection and future Ecto integration.
QuackDB formats positional parameters as DuckDB SQL literals client-side because the current Quack request path does not expose server-side bind parameters:
{:ok, result} = QuackDB.query(conn, "SELECT ? AS name, ? AS n", ["duck", 42])

result.rows
#=> [["duck", 42]]
Placeholders inside strings and comments are ignored while formatting, and unsupported parameter values raise explicit errors.
Decode nested values
DuckDB nested result types decode to ordinary Elixir values:
{:ok, result} =
  QuackDB.query(conn, """
  SELECT
    [1, 2, 3] AS xs,
    {'name': 'duck', 'count': 2} AS obj,
    array_value(1, 2, 3) AS arr,
    map(['a', 'b'], [1, 2]) AS m,
    [{'a': 1}, {'a': 2}] AS nested
  """)

result.rows
#=> [
#=>   [
#=>     [1, 2, 3],
#=>     %{"name" => "duck", "count" => 2},
#=>     [1, 2, 3],
#=>     %{"a" => 1, "b" => 2},
#=>     [%{"a" => 1}, %{"a" => 2}]
#=>   ]
#=> ]
Query files and lakehouse sources
DuckDB can scan files, object stores, and lakehouse table formats directly. QuackDB.Source builds safe table-function fragments that can be used from Ecto queries or direct SQL:
use QuackDB.Ecto

alias QuackDB.Source

source = Source.csv("events.csv", header: true)

MyApp.AnalyticsRepo.all(
  from event in source,
    where: event.id > 1,
    select: %{id: event.id, name: event.name}
)
See guides/sources.md for HTTP(S), S3/R2/GCS, Azure/ADLS, Hugging Face, Delta, Iceberg, extensions, and DuckDB secrets.
Stream large result sets
QuackDB.query/4 materializes the full result. QuackDB fetches additional result chunks when DuckDB reports that more rows are available, but for large analytical results prefer streaming helpers.
Use QuackDB.stream/4 to process %QuackDB.Result{} batches lazily:
row_count =
  conn
  |> QuackDB.stream("SELECT i FROM range(0, 50_000) t(i)")
  |> Enum.reduce(0, fn result, count -> count + result.num_rows end)

row_count
#=> 50_000
Use QuackDB.rows/4 for row-level streaming:
conn
|> QuackDB.rows("SELECT i FROM range(0, ?) t(i)", [50_000])
|> Enum.take(3)
#=> [[0], [1], [2]]
Use QuackDB.maps/4 for row maps keyed by column names. Duplicate column names are disambiguated with suffixes such as _2 and _3:
conn
|> QuackDB.maps("SELECT i AS n FROM range(0, ?) t(i)", [50_000])
|> Enum.take(2)
#=> [%{"n" => 0}, %{"n" => 1}]
Use QuackDB.columnar/4 when an analytical workflow wants vectors plus column order and metadata:
{:ok, columns} = QuackDB.columnar(conn, "SELECT id, name FROM events ORDER BY id")

columns.names
#=> ["id", "name"]

columns["id"]
#=> [1, 2]
QuackDB.columns/4 returns just the column map:
{:ok, columns} = QuackDB.columns(conn, "SELECT id, name FROM events ORDER BY id")

columns
#=> %{"id" => [1, 2], "name" => ["duck", "goose"]}
For large results, QuackDB.columnar_batches/4 streams QuackDB.Columns fetch batches without materializing the whole result set. QuackDB.column_batches/4 returns just the map from each batch:
conn
|> QuackDB.column_batches("SELECT i AS n FROM range(0, 50_000) t(i)", [], max_rows: 1_000)
|> Enum.take(1)
#=> [%{"n" => [0, 1, 2, ...]}]
This is not Arrow IPC yet, but it exposes a column-oriented shape that can back future Arrow integration without changing the query API.
Convert results to Explorer DataFrames
When :explorer is available, QuackDB exposes optional helpers for building Explorer.DataFrame values from query results:
Ecto queries can be passed directly when you already have schemas or source helpers:
import Ecto.Query

alias QuackDB.Explorer, as: QuackExplorer
alias QuackDB.Source

source = Source.csv("events.csv", header: true)

query =
  from event in source,
    where: event.id > ^1,
    select: %{id: event.id, name: event.name}

{:ok, df} = QuackExplorer.dataframe(conn, query)
The Explorer integration materializes query results in Elixir before constructing a dataframe. It is useful for interactive analysis and downstream Explorer pipelines, but it is not a zero-copy Arrow IPC path yet.
Explorer dataframes can also be appended through Quack's native column-oriented append path:
alias QuackDB.Explorer, as: QuackExplorer

QuackExplorer.insert_dataframe!(conn, "events_copy", df, batch_size: 10_000)
You can also convert existing results:
alias QuackDB.Explorer, as: QuackExplorer

{:ok, result} = QuackDB.query(conn, "SELECT 1 AS id, 'duck' AS name")
{:ok, df} = QuackExplorer.from_result(result)
Session-scoped DuckDB objects
Each DBConnection pool worker is a separate DuckDB session. Temporary tables are visible only to the session that created them. With a pool, do not create one in a standalone call and use it in another:
use QuackDB.Ecto
alias MyApp.AnalyticsRepo, as: Repo
alias QuackDB.DDL

Repo.query!(DDL.create_table("events", [id: :integer], temporary: true))
Repo.all(from event in "events", select: event.id) # may use another session
Keep the complete create/use/drop or create/index/query workflow in one transaction:
Repo.transaction(fn ->
  Repo.query!(DDL.create_table("events", [id: :integer], temporary: true))
  Repo.insert_all("events", [%{id: 1}])
  ids = Repo.all(from event in "events", select: event.id)
  Repo.query!(DDL.drop_table("events"))
  ids
end)
Use a persistent table when the workflow must span calls. Temporary secrets are different: they are shared within the DuckDB instance but are not persisted across restarts. pool_size: 1 can hide session switching but is not a substitute for keeping a session-scoped workflow together. Committing a transaction does not drop temporary tables; drop them explicitly before releasing the connection when they are no longer needed.
Work with command results
DuckDB returns affected counts as a Count result column for DML statements. QuackDB normalizes those into num_rows:
alias QuackDB.{DDL, DML}

{:ok, result} =
  DBConnection.transaction(conn, fn tx ->
    QuackDB.query!(tx, DDL.create_table("events", [id: :integer], temporary: true))
    result = QuackDB.query!(tx, DML.insert_into("events", [[id: 1], [id: 2]]))
    QuackDB.query!(tx, DDL.drop_table("events"))
    result
  end)

result.command
#=> :insert

result.num_rows
#=> 2

result.columns
#=> nil

result.rows
#=> nil
The raw DuckDB count result stays available for debugging:
result.metadata[:duckdb_columns]
#=> ["Count"]

result.metadata[:duckdb_rows]
#=> [[2]]
Append rows
QuackDB.insert_rows/4 uses Quack's append protocol to send a DuckDB DataChunk directly to a table:
alias QuackDB.DDL

QuackDB.query!(conn, DDL.create_table("events", [id: :integer, name: :varchar, active: :boolean]))

{:ok, result} =
  QuackDB.insert_rows(conn, "events", [
    [id: 1, name: "duck", active: true],
    [id: 2, name: "goose", active: false]
  ])

result.command
#=> :insert

result.num_rows
#=> 2
Keyword rows preserve append order and allow QuackDB to infer the columns from the rows: every row's keys become columns, and each column's type fits all of its values. Map rows are also accepted, but pass :columns for stable append order and types. Explicit columns are still required for empty batches or all-null columns. Use batch_size: n to split large inputs across multiple append requests while returning the total inserted row count.
Native append columns can be declared with scalar QuackDB.Type specs and nested specs such as {:list, :varchar}, {:struct, [source: :varchar, count: :integer]}, {:array, :integer, 3}, and {:map, :varchar, :varchar}. Explicit MAP columns accept ordinary Elixir maps:
QuackDB.insert_rows!(conn, "events", [[id: 1, labels: %{env: "prod", region: "eu"}]],
  columns: [id: :integer, labels: {:map, :varchar, :varchar}]
)
Plain Elixir maps without an explicit MAP column spec infer as DuckDB STRUCT values. Temporal append values are normalized through Elixir's Calendar-aware Date, Time, NaiveDateTime, and DateTime conversion APIs before encoding.
Full-text search helpers
DuckDB's fts extension can index text columns and expose BM25 ranking.
alias QuackDB.FTS

MyApp.AnalyticsRepo.query!(FTS.install())
MyApp.AnalyticsRepo.query!(FTS.load())

MyApp.AnalyticsRepo.query!(
  FTS.create_index("documents", :id, [:title, :body], overwrite: true)
)

from doc in "documents",
  where: match_bm25("fts_main_documents", doc.id, ^"duckdb analytics") > 0,
  order_by: [desc: match_bm25("fts_main_documents", doc.id, ^"duckdb analytics")],
  select: %{id: doc.id, title: doc.title}
See the full-text search guide for direct SQL and Ecto usage.
Spatial helpers
DuckDB's spatial extension can be loaded with SQL helpers. Use Ecto spatial helpers when you want to keep spatial expressions inside Ecto queries:
use QuackDB.Ecto

alias QuackDB.Spatial

QuackDB.query!(conn, Spatial.load())

point = %Geo.Point{coordinates: {1.0, 2.0}, srid: nil}

from(place in "places",
  where: intersects(place.geom, ^point),
  select: as_text(place.geom)
)
DuckDB GEOMETRY values decode as WKB-compatible bytes. Add optional {:geo, "~> 4.1"} when you want to convert those bytes to Geo structs with QuackDB.Geometry.decode_wkb!/1, or pass %Geo.*{} structs as Ecto parameters.
Inspect output in IEx
QuackDB implements compact inspection for common structs so manual review stays readable:
QuackDB.query!(conn, "SELECT i FROM range(0, 4) t(i)")
#QuackDB.Result<command: :select, columns: ["i"], rows: 4, preview: [[0], [1], [2], :...], connection_id: "...", needs_more_fetch?: false>
The actual rows are still available through result.rows.
Transactions
QuackDB implements DBConnection transaction callbacks with SQL statements:
alias QuackDB.{DDL, DML}

DBConnection.transaction(conn, fn tx ->
  QuackDB.query!(tx, DDL.create_table("tx_events", [id: :integer], temporary: true))
  QuackDB.query!(tx, DML.insert_into("tx_events", id: 1))
end)
Ecto raw SQL
QuackDB includes an initial Ecto SQL adapter for raw SQL queries. The Ecto adapter is compiled when ecto_sql is available, so add Ecto SQL if your app does not already depend on it:
def deps do
  [
    {:quackdb, "~> 0.7.0"},
    {:ecto_sql, "~> 3.13"}
  ]
end
Then define a repo:
defmodule MyApp.AnalyticsRepo do
  use Ecto.Repo,
    otp_app: :my_app,
    adapter: Ecto.Adapters.QuackDB
end
Configure the repo with the same options accepted by QuackDB.start_link/1:
config :my_app, MyApp.AnalyticsRepo,
  uri: "http://[::1]:9494",
  token: "super_secret"
Generated DDL and setup-oriented DML can participate in Ecto transactions:
{:ok, :committed} =
  MyApp.AnalyticsRepo.transaction(fn ->
    MyApp.AnalyticsRepo.query!(
      QuackDB.DDL.create_table("events", [id: :integer])
    )

    MyApp.AnalyticsRepo.query!(QuackDB.DML.insert_into("events", [[id: 1], [id: 2]]))
    :committed
  end)
Use Repo.rollback/1 to abort transaction work:
{:error, :rolled_back} =
  MyApp.AnalyticsRepo.transaction(fn ->
    MyApp.AnalyticsRepo.query!(QuackDB.DML.insert_into("events", id: 3))
    MyApp.AnalyticsRepo.rollback(:rolled_back)
  end)
Read-only Ecto queries against table names are also supported, including CTEs, window functions, joins, grouping, having, distinct, aggregate FILTER, arithmetic expressions, in/2, predicates, ordering, limits, aggregates, fragments, and DuckDB analytical helpers:
use QuackDB.Ecto

MyApp.AnalyticsRepo.all(
  from event in "events",
    where: event.id > ^min_id and like(event.name, "d%"),
    group_by: event.category,
    select: %{
      category: event.category,
      median_score: median(event.score),
      p95_score: quantile_cont(event.score, 0.95),
      scores: list(event.score),
      high_score_events: filter(count(event.id), event.score > 100)
    }
)
Build date spines and timestamp buckets with Elixir-native Date.Range and Duration values:
use QuackDB.Ecto

MyApp.AnalyticsRepo.all(
  from day in series(Date.range(~D[2024-01-01], ~D[2024-01-31])),
    left_join: event in "events",
    on: event.occurred_on == day.value,
    group_by: day.value,
    order_by: day.value,
    select: %{day: day.value, events: count(event.id)}
)

interval = Duration.new!(hour: 1)
origin = ~N[2024-01-01 00:00:00]

MyApp.AnalyticsRepo.all(
  from event in "events",
    group_by: selected_as(:bucket),
    select: %{
      bucket: selected_as(time_bucket(^interval, event.occurred_at, origin: ^origin), :bucket),
      events: count()
    }
)
Text and regex helpers keep DuckDB string predicates in the query DSL. DuckDB regexes use RE2; ~r literals are convenient for the syntax shared with Elixir regexes, and contains/2 dispatches obvious text calls to DuckDB contains while spatial helper calls go to ST_Contains. Ambiguous calls raise; use contains_text/2 or st_contains/2 when intent is not obvious:
use QuackDB.Ecto

MyApp.AnalyticsRepo.all(
  from event in "events",
    where: contains(event.name, "duck") and regexp_matches(event.name, ~r/^duck/i),
    select: %{
      slug: regexp_replace(event.name, ~r/\s+/, "-", "g"),
      tags: string_split(event.tags, ",")
    }
)
LIST columns can use helpers for containment, intersection, all-required matching, extraction, sorting, slicing, lambda filtering/transforms/reductions, and unnesting. use QuackDB.Ecto imports list helpers by default; contains_list/2 and intersect_list/2 avoid ambiguity with shared predicate/set-operation names. Lambda helpers accept a constrained Elixir fn subset: lambda variables, pinned values, literals, arithmetic, comparisons, boolean operators, rem/2, is_nil/1, and case_when do ... end. Unsupported calls raise during query compilation instead of producing lossy SQL.
use QuackDB.Ecto

MyApp.AnalyticsRepo.all(
  from fragment in "fragments",
    where: contains_list(fragment.terms, ^term_id) and has_any(fragment.terms, ^optional_term_ids),
    select: %{
      id: fragment.id,
      term_count: list_length(fragment.terms),
      first_term: extract(fragment.terms, 1),
      matching_terms: intersect_list(fragment.terms, ^optional_term_ids),
      large_terms: list_filter(fragment.terms, fn term -> term > ^min_term_id end),
      doubled_terms: list_transform(fragment.terms, fn term -> term * 2 end),
      term_labels:
        list_transform(fragment.terms, fn term ->
          case_when do
            term >= 100 -> "large"
            true -> "small"
          end
        end),
      term_total: list_reduce(fragment.terms, fn total, term -> total + term end, 0),
      term: unnest(fragment.terms)
    }
)
MAP and STRUCT columns can use focused helpers for key/value inspection and field extraction. With use QuackDB.Ecto, use explicit aliases for helpers that would otherwise conflict with list/text/spatial helpers.
use QuackDB.Ecto

MyApp.AnalyticsRepo.all(
  from event in "events",
    where: contains_map(event.labels, ^"env") and contains_struct(event.metadata_tuple, ^"duck"),
    select: %{
      label_keys: map_keys(event.labels),
      env: map_extract_value(event.labels, ^"env"),
      name: struct_extract(event.metadata, ^"name")
    }
)
JSON columns can use Ecto access syntax for string extraction, type/2 for numeric/boolean casts, or explicit DuckDB JSON helpers:
use QuackDB.Ecto

MyApp.AnalyticsRepo.all(
  from event in "events",
    where: event.payload["user"]["name"] == "duck" and type(event.payload["score"], :integer) > 10,
    select: %{
      name: event.payload["user"]["name"],
      active: type(event.payload["active"], :boolean),
      score: json_extract(event.payload, [:scores, 0]),
      has_name: json_exists(event.payload, [:user, :name])
    }
)
DuckDB's QUALIFY clause is not part of Ecto's query AST. Use an Ecto subquery when filtering window function results:
ranked =
  from event in "events",
    windows: [by_category: [partition_by: event.category, order_by: [desc: event.score]]],
    select: %{
      id: event.id,
      category: event.category,
      score: event.score,
      rank: over(row_number(), :by_category)
    }

MyApp.AnalyticsRepo.all(
  from event in subquery(ranked),
    where: event.rank <= 3,
    order_by: [event.category, event.rank]
)
Use case_when for multi-branch DuckDB CASE WHEN expressions inside queries:
use QuackDB.Ecto

MyApp.AnalyticsRepo.all(
  from event in "events",
    group_by: [date_part(:hour, event.occurred_at), selected_as(:tier)],
    select: %{
      hour: date_part(:hour, event.occurred_at),
      tier:
        selected_as(
          case_when do
            event.score >= 90 -> "high"
            event.score >= 50 and event.score <= 89 -> "medium"
            true -> "normal"
          end,
          :tier
        ),
      events: count(),
      distinct_events: count(event.id, :distinct),
      high_events: filter(count(event.id), event.score >= 90),
      average_score: coalesce(avg(event.score), 0),
      precise_score_sum: fsum(event.score),
      mode_score: mode(event.score),
      weighted_score: weighted_avg(event.score, event.weight),
      score_stddev: stddev(event.score),
      score_variance: variance(event.score),
      score_entropy: entropy(event.score),
      score_histogram: histogram(event.score),
      ordered_scores: list(event.score, order_by: [desc_nulls_last: event.score])
    }
)
Profile an Ecto queryable with DuckDB SUMMARIZE when you need a quick statistical overview:
query =
  from event in "events",
    where: event.score > 0,
    select: %{category: event.category, score: event.score}

QuackDB.Ecto.Analytics.summarize!(MyApp.AnalyticsRepo, query)
For table/source names or raw SQL outside Ecto, use the direct SQL helper:
MyApp.AnalyticsRepo.query!(QuackDB.Analytics.summarize("events"))
MyApp.AnalyticsRepo.query!(QuackDB.Analytics.summarize({:query, "SELECT score FROM events"}))
Use QuackDB.Profile when you need DuckDB query-plan/operator timings instead of column statistics:
profile =
  QuackDB.Profile.analyze!(MyApp.AnalyticsRepo,
    "SELECT category, avg(score) FROM events GROUP BY category"
  )

QuackDB.Profile.slowest(profile, 5)
IO.puts(QuackDB.Profile.report(profile))
Inspect DuckDB's physical storage and compression choices with QuackDB.Storage:
QuackDB.Storage.info!(MyApp.AnalyticsRepo, "events")
QuackDB.Storage.compression!(MyApp.AnalyticsRepo, "events")
QuackDB.Storage.database_size!(MyApp.AnalyticsRepo)
info!/2 accepts schema modules as well as table names:
QuackDB.Storage.compression!(MyApp.AnalyticsRepo, MyApp.Event)
Use QuackDB.Meta for catalog metadata:
QuackDB.Meta.tables!(MyApp.AnalyticsRepo)
QuackDB.Meta.tables!(MyApp.AnalyticsRepo, expanded: true)
QuackDB.Meta.table_info!(MyApp.AnalyticsRepo, MyApp.Event)
QuackDB.Meta.databases!(MyApp.AnalyticsRepo)
Ecto insert/2 and insert_all/3 are supported for straightforward row inserts. DuckDB RETURNING works through the SQL insert path:
MyApp.AnalyticsRepo.insert!(%Event{id: 1, name: "duck"})

MyApp.AnalyticsRepo.insert_all(
  "events",
  [[id: 2, name: "goose"]],
  returning: [:id]
)
Use insert_method: :append to stream bulk insert_all rows as binary vectors instead of generated SQL. This path is explicit: ordinary insert_all keeps using Ecto SQL generation unless you pass the option.
MyApp.AnalyticsRepo.insert_all(
  Event,
  [[name: "duck"], [name: "goose"]],
  insert_method: :append,
  chunk_every: 10_000
)
For schema-backed inserts, QuackDB derives append types from the Ecto schema. That means nullable columns can be all nil in a batch without passing manual :columns, and omitted schema fields are filled by DuckDB defaults or generated values. The rows stream into a single INSERT, so on_conflict: :nothing and RETURNING work directly:
MyApp.AnalyticsRepo.insert_all(
  Event,
  [[name: "duck"], [name: "goose"]],
  insert_method: :append,
  returning: [:id]
)
The append insert path does not support query inserts, placeholders, or upserts/conflict targets. For streaming rows outside Ecto, use QuackDB.insert_stream!/4; it can take either a QuackDB connection or a QuackDB-backed Ecto repo.
For temporary analytical setup, QuackDB.DDL.create_table/3 builds quoted DuckDB CREATE TABLE and CREATE TABLE AS statements. Temporary tables are session-scoped; if the table is used by later statements, keep the workflow in one DBConnection.transaction/3 or Repo.transaction/2. Use or_replace: true for DuckDB table rewrites, and pass an Ecto schema as the second argument when you want a temporary staging table with the same columns under a different name:
MyApp.AnalyticsRepo.transaction(fn ->
  MyApp.AnalyticsRepo.query!(
    QuackDB.DDL.create_table("events", [payload: :json, occurred_at: :timestamp], temporary: true)
  )

  source = QuackDB.Source.parquet("s3://bucket/events/*.parquet")

  query =
    from event in source,
      select: %{id: event.id, name: event.name}

  MyApp.AnalyticsRepo.query!(
    QuackDB.DDL.create_table("events_from_parquet", as: query, temporary: true)
  )

  # Run the analysis here, while both temporary tables are visible.
  MyApp.AnalyticsRepo.query!(QuackDB.DDL.drop_table("events_from_parquet"))
  MyApp.AnalyticsRepo.query!(QuackDB.DDL.drop_table("events"))
end)

MyApp.AnalyticsRepo.query!(
  QuackDB.DDL.create_table("sorted_fragment_terms",
    as: from(term in "fragment_terms", distinct: true, order_by: [term.term_id, term.fragment_id]),
    or_replace: true
  )
)

MyApp.AnalyticsRepo.transaction(fn ->
  MyApp.AnalyticsRepo.query!(
    QuackDB.DDL.create_table("temp_fragments", MyApp.Fragment, temporary: true)
  )

  # Populate and use the temporary table here, before the transaction ends.
  MyApp.AnalyticsRepo.query!(QuackDB.DDL.drop_table("temp_fragments"))
end)
DDL.create_table/2 rejects parameterized Ecto queries in :as because DDL helpers return SQL iodata, not {sql, params} tuples.
For staging-table dedupe, keep the materialization step in normal Ecto and pass the query to insert_all/3. Run the following inside the same transaction that creates and populates temp_fragments:
staged_new_rows =
  from row in "temp_fragments",
    as: :row,
    where:
      not exists(
        from target in "fragments",
          where: target.content_hash == parent_as(:row).content_hash,
          select: 1
      ),
    select: %{
      content_hash: row.content_hash,
      ast: row.ast,
      kind: row.kind
    }

MyApp.AnalyticsRepo.insert_all("fragments", staged_new_rows,
  returning: [:id, :content_hash]
)
Ecto support covers analytical reads and common write/setup flows. Repo.query/3, schema-backed reads, combinations, inserts/upserts, insert-from-query with returning, schema update/delete callbacks, update_all / delete_all mutations, EXPLAIN, transactions, and basic migrator-backed DDL work; advanced migration features and DuckDB-specific SQL should still use Repo.query/3.
Runtime filters and exact decimal casts
dynamic/2 is Ecto's built-in expression composition API. Use it to build
filters from runtime JSON field names and types. For exact decimal comparisons,
QuackDB.Ecto.Decimal retains explicit precision and scale in SQL casts:
use QuackDB.Ecto
alias QuackDB.Ecto.Decimal, as: DuckDecimal

decimal = Ecto.ParameterizedType.init(DuckDecimal, precision: 18, scale: 4)
field = "estimate"
minimum = Decimal.new("9.5")
estimate = dynamic([t], type(t.fields[^field], ^decimal))
predicate = dynamic([t], ^estimate > ^minimum)

from t in "tasks", where: ^predicate
Bare :decimal casts use DuckDB's default DECIMAL(18,3), which rounds
9.5001 to 9.500. Choose precision/scale appropriate to your data; explicit
casts still follow DuckDB rounding and overflow rules. Invalid stored values
raise conversion errors; missing JSON fields and JSON nulls remain NULL. The
parameterized type controls query casts, not migration column definitions;
continue specifying migration precision: and scale: explicitly.
For literal substring searches, keep the existing contains name:
from t in "tasks",
  where: contains(t.title, ^search, case_sensitive: false)
contains/3 is text-only and accepts a literal case_sensitive: true or
false option. The insensitive form compares DuckDB-lowercased strings, not
full Unicode case-folded strings. %, _, and backslashes are literal;
an empty search matches and NULL operands produce NULL. Existing contains/2
text/spatial dispatch is unchanged.
Basic Ecto migrations
QuackDB implements the Ecto migration DDL callbacks needed for common analytical setup migrations:
defmodule MyApp.Repo.Migrations.CreateEvents do
  use Ecto.Migration

  def change do
    create table(:events, primary_key: false) do
      add(:id, :integer, primary_key: true)
      add(:name, :string, null: false)
      add(:score, :integer, default: 0)
    end

    create(index(:events, [:name]))
  end
end
Supported DDL includes create/drop/alter table, add/modify/drop columns, references in CREATE TABLE, ordinary and unique indexes, primary keys, composite primary keys, and table/column renames. Inline CHECK constraints belong in the initial CREATE TABLE and can be built safely with QuackDB.DDL.check/1.
DuckDB-incompatible options such as concurrent indexes, covering indexes, exclude constraints, constraint comments, and NOT VALID constraints raise explicit QuackDB errors.
DuckDB does not support adding a column with a CHECK or REFERENCES constraint. QuackDB therefore rejects or propagates the engine error rather than silently dropping the constraint. For Ecto add(:column, ..., null: false), QuackDB emits ADD COLUMN and then SET NOT NULL; the second statement can fail if other tables depend on the altered table. A transactional migration rolls back both statements. Declare required constraints when creating the table, before creating dependent tables.
DuckDB does not support ALTER TABLE ADD CONSTRAINT or DROP CONSTRAINT, so the Ecto create constraint(...) and drop constraint(...) forms raise explicit unsupported-feature errors. Use QuackDB.DDL.check/1 with create_table/3 inside a reversible migration:
import QuackDB.DDL, only: [create_table: 3, drop_table: 1, check: 1]

execute(
  fn ->
    repo().query!(
      create_table(:events,
        [
          {:id, :integer, primary_key: true},
          {:name, :varchar, null: false},
          {:score, :integer, default: 0}
        ],
        check(score >= 0)
      )
    )
  end,
  fn -> repo().query!(drop_table(:events)) end
)
Pass one combined constraint or a list of separate constraints:
import QuackDB.DDL, only: [create_table: 3, check: 1]

maximum = 100

create_table(:events, [score: :integer],
  check(score >= 0 and score < ^maximum)
)

create_table(:events, [score: :integer],
  [check(score >= 0), check(score < ^maximum)]
)
Bare identifiers refer to columns; pin runtime values with ^. Use field("column name") or field(^name) for other identifiers. Comparisons, and, or, not, and is_nil/1 are supported, with identifiers and literal values encoded separately. Table options can follow check values in a list, such as [check(score >= 0), temporary: true]. Raw predicates, arithmetic, arbitrary function calls, and CHECKs on CREATE TABLE AS are rejected. CHECK permits NULL when its expression is unknown; also declare null: false if NULL must be rejected. More complex checks require explicit inline SQL through execute/2.
Adding a column with null: false uses ADD COLUMN followed by SET NOT NULL. DuckDB can refuse the second statement when other tables reference the altered table. QuackDB propagates this dependency error; the default transactional Ecto migration rolls back the added column and does not record the migration as applied. Outside a transaction, the first statement can remain applied. For new tables, declare required columns in the initial CREATE TABLE before creating dependent tables; QuackDB does not silently remove NOT NULL or automatically rebuild existing tables.
Constraint violations currently raise database errors rather than returning changeset errors through unique_constraint/3, foreign_key_constraint/3, or check_constraint/3. DuckDB's violation messages do not reliably identify the constraint name Ecto needs; QuackDB does not guess names.
DuckDB's catalog does not solve this reliably: supplied CHECK names are not preserved, and multiple checks on the same column can share a generated catalog name. A failed write also prevents catalog queries in the same aborted transaction. For these reasons, QuackDB does not automatically rebuild a table to drop a named constraint. Use an explicit SQL migration with a reviewed replacement table definition, preserving data, indexes, and dependent objects.
Current limitations
	Server-side bind parameters are not exposed by this Quack client path yet. QuackDB formats supported parameter values as DuckDB SQL literals client-side.
	Native appends support row and column batches but not Arrow IPC or automatic local-file/data staging yet.
	Ecto coverage focuses on analytical reads and common write/setup workflows, not every relational adapter feature.
	QuackDB speaks Quack protocol version 3, which DuckDB 2.0 serves; it refuses servers that select another version. QuackDB pins the DuckDB version its managed binary downloads.

Supervision and connection options
Use QuackDB under your application supervisor when you want a long-lived connection pool:
children = [
  {QuackDB,
   uri: "http://[::1]:9494",
   token: "super_secret",
   name: MyApp.QuackDB,
   pool_size: 5}
]
The client accepts QuackDB options such as :uri, :token, and :transport, plus DBConnection pool options such as :name, :pool_size, :queue_target, :queue_interval, and per-call :timeout.
QuackDB.query(MyApp.QuackDB, "SELECT 1", [], timeout: 10_000)
Decoded strings and blobs of 64 bytes or more are slices of the HTTP response they arrived in, so a process that keeps a few of them from a large result keeps the whole response in memory. Pass copy_binaries: true, per query or in the Repo or connection configuration, to copy them off the response. It about doubles decode time for string columns and costs nothing for other columns:
latest = from(event in Event, order_by: [desc: event.inserted_at], limit: 10, select: event.payload)

MyApp.AnalyticsRepo.all(latest, copy_binaries: true)
See the QuackDB module documentation for the heartbeat, retry, and acknowledgement options.
For local development, tests, or notebooks, QuackDB can also supervise a local DuckDB Quack server process with MuonTrap:
children =
  QuackDB.Server.child_specs(
    server: [
      name: MyApp.DuckDB,
      duckdb: :managed,
      endpoint: "quack:localhost:9494",
      settings: [threads: System.schedulers_online()],
      global_settings: [quack_target_batch_bytes: 8 * 1024 * 1024]
    ],
    client: [name: MyApp.QuackDB, pool_size: System.schedulers_online()]
  )
QuackDB.Server starts the external duckdb executable and serves the Quack protocol. It is a convenience process supervisor, not an embedded DuckDB driver and not required for remote DuckDB servers. Use duckdb: :managed for local development convenience, or omit it to use duckdb from PATH.
The local server defaults to settings: [threads: System.schedulers_online()] and no global settings. DuckDB 2.0 cuts result batches by size: quack_target_batch_bytes (32 MiB by default) bounds one fetched batch, so lower it to bound client memory per fetch, and quack_prepare_inline_rows sets how many rows the first response carries. Use a smaller client pool_size such as 1..4 for heavy analytical scans, because DuckDB parallelizes each query internally. Use System.schedulers_online() for many small concurrent queries.
serve_options passes quack_serve options through. DuckDB 2.0 only listens on localhost unless allow_other_hostname: true, and serves HTTPS for any other host unless disable_ssl: true; ssl_cert_file and ssl_key_file select the certificate. The derived client URI follows the same rules. For anything reachable from other machines, DuckDB recommends a TLS-terminating reverse proxy in front of a localhost server instead.
QuackDB.Server.child_specs(
  server: [endpoint: "quack:10.0.0.5:9494", serve_options: [allow_other_hostname: true, disable_ssl: true]],
  client: [pool_size: 2]
)
The server runs the CLI with -no-agent, so DuckDB 2.0's agent output mode stays off even when the BEAM runs under a coding agent.
Running QuackDB's integration tests
With a server running locally:
QUACKDB_TEST_URI='http://[::1]:9494' \
QUACKDB_TEST_TOKEN=super_secret \
mix test --include integration



  

    Ecto

The optional Ecto SQL adapter gives applications Ecto query composition, schema reads and writes, migrations, and raw SQL through Repo.query/3, all over QuackDB's pooled DBConnection sessions.
Repo
defmodule MyApp.AnalyticsRepo do
  use Ecto.Repo, otp_app: :my_app, adapter: Ecto.Adapters.QuackDB
end
Pair the Repo with a supervised server through QuackDB.Server.child_specs/1 (see Managed DuckDB), or configure uri: and token: for a server that runs elsewhere:
config :my_app, MyApp.AnalyticsRepo,
  adapter: Ecto.Adapters.QuackDB,
  uri: "http://[::1]:9494",
  token: "super_secret"
DuckDB workflows as Ecto queries
use QuackDB.Ecto imports DuckDB's analytical helpers as macros that compose with normal queries.
Analytical aggregates
defmodule MyApp.Analytics do
  use QuackDB.Ecto

  def category_scores do
    from event in "events",
      group_by: event.category,
      select: %{
        category: event.category,
        p95: quantile_cont(event.duration_ms, 0.95),
        median: median(event.duration_ms),
        precise_sum: fsum(event.duration_ms),
        mode: mode(event.duration_ms),
        weighted_average: weighted_avg(event.duration_ms, event.weight),
        values: list(event.duration_ms, order_by: [desc_nulls_last: event.duration_ms]),
        slow_events: filter(count(event.id), event.duration_ms > 1_000),
        distinct_users: count(event.user_id, :distinct),
        average_duration: coalesce(avg(event.duration_ms), 0),
        events: count()
      }
  end
end
Date and timestamp series
use QuackDB.Ecto

from day in series(Date.range(~D[2024-01-01], ~D[2024-01-31])),
  left_join: event in "events",
  on: event.occurred_on == day.value,
  group_by: day.value,
  order_by: day.value,
  select: %{
    day: day.value,
    events: count(event.id)
  }
Timestamp series use Duration steps:
from bucket in series(
       ~N[2024-01-01 00:00:00],
       ~N[2024-01-02 00:00:00],
       step: Duration.new!(hour: 1)
     ),
  select: bucket.value
Source scans
DuckDB can query data where it already lives. QuackDB source helpers can be used directly as Ecto sources.
use QuackDB.Ecto

alias QuackDB.Source

source = Source.parquet("s3://bucket/events/*.parquet", hive_partitioning: true)

from event in source,
  group_by: event.category,
  select: %{
    category: event.category,
    events: count(),
    avg_score: avg(event.score)
  }
QuackDB does not upload local files for you. The DuckDB server must be able to see the path, URL, object store, or lakehouse catalog. See the sources guide.
CTAS and full-text search
External data can be materialized with CREATE TABLE AS, indexed with DuckDB FTS, and queried with BM25 from Ecto.
use QuackDB.Ecto

alias QuackDB.{DDL, FTS, Source}

query =
  from doc in Source.parquet("s3://bucket/docs/*.parquet"),
    select: %{
      id: doc.id,
      title: doc.title,
      body: doc.body
    }

MyApp.AnalyticsRepo.query!(DDL.create_table("docs", as: query))
MyApp.AnalyticsRepo.query!(FTS.create_index("docs", :id, [:title, :body], overwrite: true))

schema = FTS.schema_name("main.docs")
search = "duckdb analytics"

from doc in "docs",
  where: bm25(^schema, doc.id, ^search) > 0,
  order_by: [desc: bm25(^schema, doc.id, ^search)],
  limit: 10,
  select: %{
    id: doc.id,
    title: doc.title,
    score: bm25(^schema, doc.id, ^search)
  }
See the full-text search guide.
Text and regex predicates
DuckDB text and RE2 regular-expression helpers compose with Ecto filters and aggregate FILTER clauses. Shared contains/2 dispatches obvious string calls to DuckDB contains and spatial helper expressions to ST_Contains; ambiguous calls raise so contains_text/2 and st_contains/2 are available when you want to be explicit.
use QuackDB.Ecto

from event in "events",
  where: contains(event.name, "duck") and regexp_matches(event.name, ~r/^duck/i),
  select: %{
    slug: regexp_replace(event.name, ~r/\s+/, "-", "g"),
    parts: string_split(event.tags, ",")
  }
DuckDB regexes use RE2, so ~r literals are intended for the syntax subset shared with Elixir regexes.
JSON values and variables
DuckDB 2.0's json_set/3, json_insert/3, json_replace/3, and json_remove/2 change JSON documents in place, so they work in update_all as well as in selects. Paths are lists or JSON path strings, and values are converted with to_json:
use QuackDB.Ecto

from(event in "events",
  where: event.id == ^id,
  update: [set: [payload: json_remove(json_set(event.payload, [:status], "archived"), [:draft])]]
)
|> MyApp.AnalyticsRepo.update_all([])
variable/1 reads a DuckDB variable as $name. Variables belong to one connection, so set and read them in one checkout:
alias QuackDB.SQL

MyApp.AnalyticsRepo.checkout(fn ->
  MyApp.AnalyticsRepo.query!(SQL.set_variable(:min_score, 10))
  MyApp.AnalyticsRepo.all(from event in "events", where: event.score >= variable(:min_score), select: event.id)
end)
VARIANT columns have their own helpers, such as variant_extract/2 and variant_type/1; see Type support.
Pivoting and grouping extensions
DuckDB statement-level syntax such as PIVOT, UNPIVOT, GROUPING SETS, ROLLUP, and CUBE has builders in QuackDB.SQL:
MyApp.AnalyticsRepo.query!(QuackDB.SQL.pivot(:events,
  on: :kind,
  using: [sum: :n]
))

QuackDB.SQL.grouping_sets([[:category, :kind], [:category], []])
QuackDB.SQL.rollup([:category, :kind])
QuackDB.SQL.cube([:category, :kind])
List predicates
DuckDB LIST/ARRAY helpers map directly to common list functions such as list_contains, list_has_any, list_has_all, len, list_extract, list_sort, list_intersect, list_filter, list_transform, list_reduce, and unnest. use QuackDB.Ecto imports non-conflicting list helpers by default; use contains_list/2 and intersect_list/2 to avoid ambiguity with text/spatial contains/2 and Ecto set-operation intersect/2.
use QuackDB.Ecto

from fragment in "fragments",
  where: contains_list(fragment.terms, ^term_id) and has_any(fragment.terms, ^optional_term_ids),
  select: %{
    id: fragment.id,
    term_count: list_length(fragment.terms),
    first_term: extract(fragment.terms, 1),
    matching_terms: intersect_list(fragment.terms, ^optional_term_ids),
    large_terms: list_filter(fragment.terms, fn term -> term > ^min_term_id end),
    doubled_terms: list_transform(fragment.terms, fn term -> term * 2 end),
    term_labels:
      list_transform(fragment.terms, fn term ->
        case_when do
          term >= 100 -> "large"
          true -> "small"
        end
      end),
    term_total: list_reduce(fragment.terms, fn total, term -> total + term end, 0),
    term: unnest(fragment.terms)
  }
MAP and STRUCT helpers follow the same pattern: natural names are available from focused imports, while use QuackDB.Ecto exposes explicit aliases for ambiguous helpers.
use QuackDB.Ecto

from event in "events",
  where: contains_map(event.labels, ^"env") and contains_struct(event.metadata_tuple, ^"duck"),
  select: %{
    label_keys: map_keys(event.labels),
    env: map_extract_value(event.labels, ^"env"),
    name: struct_extract(event.metadata, ^"name")
  }
Spatial queries
DuckDB Spatial works with Ecto queries and %Geo.*{} structs when the optional :geo package is installed.
use QuackDB.Ecto

import QuackDB.Ecto.Spatial

alias QuackDB.Spatial

MyApp.AnalyticsRepo.query!(Spatial.load())

point = %Geo.Point{coordinates: {13.405, 52.52}, srid: nil}

from place in "places",
  where: intersects(place.geom, ^point) and distance(place.geom, ^point) < 1_000,
  select: %{
    id: place.id,
    name: place.name,
    wkt: as_text(place.geom)
  }
GEOMETRY values decode as WKB-compatible bytes for tested DuckDB Spatial values. QuackDB.Geometry can convert to/from %Geo.*{} structs when the optional :geo package is installed. See the spatial guide and the Spatial WMS example.
Coverage
The adapter covers:
	raw SQL via Repo.query/3;
	schema-backed full selects and Repo.get!/2;
	analytical reads with joins, filters, grouping, windows, CTEs, combinations, locks, fragments, and QuackDB helper macros;
	Repo.insert/2, Repo.insert_all/3, RETURNING, ON CONFLICT DO NOTHING, and common DO UPDATE upserts;
	explicit native append fast path via insert_method: :append, including schema-backed subset columns/defaults and RETURNING;
	update_all, delete_all, schema update/delete, and transaction usage;
	Ecto.Adapters.SQL.explain/4;
	basic migration DDL through Ecto migrator: create/drop/alter tables, columns, references, indexes, primary keys, check constraints, and renames. References and CHECK constraints are supported inline during CREATE TABLE; DuckDB rejects adding a column with those constraints.

Statements that Ecto does not model have Elixir builders: QuackDB.SQL for PIVOT, UNPIVOT, GROUPING SETS, ROLLUP, CUBE, and EXPLAIN; QuackDB.DDL for tables, sequences, and CREATE TABLE AS; QuackDB.DML for inserts, deletes, and MERGE INTO; QuackDB.Analytics for SUMMARIZE. Their output goes to Repo.query/2. See the Ecto coverage matrix.
Migrations
Ecto migrations run through the adapter: create, alter, and drop tables, columns, references, indexes, primary keys, check constraints, and renames. References and CHECK constraints go inline in create table; DuckDB does not add them to an existing column.
DuckDB adds a null: false column in two statements, and the second cannot run in the transaction that ran the first. A migration that adds a NOT NULL column sets @disable_ddl_transaction true; inside the DDL transaction the adapter refuses it with an :ecto_feature_not_supported error that says so.
defmodule MyApp.Repo.Migrations.AddArchived do
  use Ecto.Migration

  @disable_ddl_transaction true

  def change do
    alter table(:events) do
      add :archived, :boolean, default: false, null: false
    end
  end
end
DDL that the migration DSL has no form for, such as nested schemas and DuckDB 2.0 triggers, comes from QuackDB.DDL; execute takes its builders directly:
defmodule MyApp.Repo.Migrations.AddReports do
  use Ecto.Migration

  alias QuackDB.DDL

  def up do
    execute DDL.create_schema(:finance)
    execute DDL.create_schema([:finance, :reports])
    execute DDL.create_table({[:finance, :reports], :ledger}, amount: :integer)

    execute DDL.create_trigger(:count_events, :events,
      "UPDATE event_stats SET total = total + (SELECT count(*) FROM inserted)",
      event: :insert,
      referencing: [new_table: :inserted]
    )
  end

  def down do
    execute DDL.drop_trigger(:count_events, :events)
    execute DDL.drop_schema(:finance, cascade: true)
  end
end
Ecto queries reach tables in a nested schema through a dotted prefix, such as @schema_prefix "finance.reports".
Types
UUIDs, binaries, JSON maps, decimals with explicit precision, and the non-finite floats all have documented representations; see Type support.


  

    Writes

QuackDB writes rows, columns, Explorer dataframes, Table.Reader data, and streams as binary DuckDB vectors instead of generating INSERT VALUES SQL, from a connection or a QuackDB-backed Ecto Repo.
Each write is one INSERT INTO table (columns) SELECT * FROM scan_data_from_quack_client(...) statement. The server prepares it, the client streams numbered batches of vectors into it, and the statement's own result comes back like any query result. Because it is an ordinary INSERT, column defaults and sequences apply to omitted columns, ON CONFLICT and RETURNING work, the write joins an open transaction, and DuckDB casts the vectors to the column types.
Rows and columns
QuackDB.insert_rows!(conn, "events", [
  [id: 1, name: "duck", tags: ["bird", "wetland"]],
  [id: 2, name: "goose", tags: ["bird", "loud"]]
])

QuackDB.insert_columns!(conn, "measurements", [
  id: [1, 2, 3],
  temperature: [12.5, 13.0, 12.8]
])
ON CONFLICT and RETURNING go on the same call:
QuackDB.insert_rows!(conn, "events", rows,
  on_conflict: {:nothing, [:id]},
  returning: [:id, :inserted_at]
)
Explicit MAP columns accept ordinary Elixir maps while plain map inference stays STRUCT-shaped:
QuackDB.insert_rows!(conn, "events", [[id: 1, labels: %{env: "prod", region: "eu"}]],
  columns: [id: :integer, labels: {:map, :varchar, :varchar}]
)
VARIANT columns accept any JSON-shaped Elixir value. Declare them as :variant so each value keeps its own shape; QuackDB sends the values as JSON text and DuckDB casts them on insert. :json does the same for JSON columns but passes strings through as JSON text:
QuackDB.insert_rows!(conn, "events", [[payload: %{kind: "duck"}], [payload: [1, 2]], [payload: "quack"]],
  columns: [payload: :variant]
)
Dataframes
When Explorer is installed, dataframes can be appended directly:
alias Explorer.DataFrame
alias QuackDB.Explorer, as: QuackExplorer

frame = DataFrame.new(id: [1, 2], name: ["duck", "goose"])
QuackExplorer.insert_dataframe!(conn, "events", frame)
Streams and Table.Reader data
Enumerable rows can be streamed into native append batches. The connection can be a QuackDB connection or a QuackDB-backed Ecto repo:
File.stream!("events.ndjson")
|> Stream.map(&JSON.decode!/1)
|> QuackDB.insert_stream!(MyApp.AnalyticsRepo, "events", chunk_every: 10_000)
Any Table.Reader-compatible data can be appended through the same column append path:
QuackDB.insert_table!(conn, "events", %{id: [1, 2], name: ["duck", "goose"]})
Types, batching, and Ecto
Appends support explicit types, batching, scalar DuckDB values, and nested LIST, STRUCT, ARRAY, MAP, and VARIANT values. :batch_size sets the rows per request; QuackDB splits each request into vectors of at most 2048 rows. Ecto insert_all(..., insert_method: :append) uses schema types for nullable batches and supports on_conflict: :nothing and RETURNING in the same single statement. Direct append inserts can choose append_shape: :columns or :rows when one shape is known to fit a workload better. Omitted columns get their defaults, including sequence-backed IDs; use QuackDB.Sequence.next_values/4 only when you need the IDs before the write. See the type support guide, getting started guide, and the Explorer guide.
DML builders
Small DML builders can keep setup/cleanup SQL readable while preserving query parameters:
{sql, params} =
  QuackDB.DML.delete_from(:events,
    where: [event_type: "session_entry", session_file: session_file]
  )

QuackDB.query!(conn, sql, params, timeout: :infinity)


  

    Observability

Results are Table.Reader tables, every operation emits telemetry, and DuckDB's own profiling, storage, and catalog metadata are reachable as structs.
Results and Livebook
QuackDB.Result and QuackDB.Columns implement Table.Reader, so they can be consumed by Livebook and other Table-aware tooling. When Explorer is installed, query results can be turned into dataframes:
result = QuackDB.query!(conn, "SELECT * FROM events")
Explorer.DataFrame.new(result)
Telemetry
QuackDB emits telemetry spans for query, append, and fetch operations:
	[:quackdb, :query, :start | :stop]

	[:quackdb, :append, :start | :stop]

	[:quackdb, :fetch, :start | :stop]


Metadata includes connection/session information, command details, append batch counts, and client query IDs. Params are not included unless you opt in with telemetry_params: true. See the telemetry guide.
Profiling
Use QuackDB.Profile when you need DuckDB engine/operator timings rather than client-side telemetry:
profile =
  QuackDB.Profile.analyze!(conn,
    "SELECT i, i % 10 AS bucket FROM range(1000) t(i) ORDER BY bucket LIMIT 5"
  )

QuackDB.Profile.slowest(profile, 5)
IO.puts(QuackDB.Profile.report(profile))
QuackDB.Profile runs DuckDB EXPLAIN (ANALYZE, FORMAT json) and returns structs for query/root metrics and operator nodes. QuackDB.SQL.explain/2 also supports format: :json, :html, :graphviz, :mermaid, and :text.
Storage
Use QuackDB.Storage to inspect how DuckDB stores and compresses tables:
QuackDB.Storage.info!(MyApp.AnalyticsRepo, MyApp.Fragment)
QuackDB.Storage.compression!(MyApp.AnalyticsRepo, MyApp.Fragment)
QuackDB.Storage.database_size!(MyApp.AnalyticsRepo)
QuackDB.Storage.checkpoint!(MyApp.AnalyticsRepo)
info!/2 wraps DuckDB's pragma_storage_info output as segment structs. compression!/2 groups segment compression by table column, accepting schema modules, atoms, strings, and {prefix, source} tuples.
Catalog metadata
Use QuackDB.Meta for logical catalog metadata:
QuackDB.Meta.tables!(MyApp.AnalyticsRepo)
QuackDB.Meta.tables!(MyApp.AnalyticsRepo, expanded: true)
QuackDB.Meta.table_info!(MyApp.AnalyticsRepo, MyApp.Fragment)
QuackDB.Meta.databases!(MyApp.AnalyticsRepo)


  

    Type support

QuackDB decodes DuckDB Quack result vectors into Elixir values. The table below reflects the package's behavior; anything not listed as supported raises an explicit error rather than decoding to a lossy value.
Scalar types
	DuckDB type	Elixir value	Status	Notes
	BOOLEAN	boolean()	Supported	
	TINYINT	integer()	Supported	Signed 8-bit.
	UTINYINT	non_neg_integer()	Supported	Unsigned 8-bit.
	SMALLINT	integer()	Supported	Signed 16-bit.
	USMALLINT	non_neg_integer()	Supported	Unsigned 16-bit.
	INTEGER	integer()	Supported	Signed 32-bit.
	UINTEGER	non_neg_integer()	Supported	Unsigned 32-bit.
	BIGINT	integer()	Supported	Signed 64-bit.
	UBIGINT	non_neg_integer()	Supported	Unsigned 64-bit.
	HUGEINT	integer()	Supported	Signed 128-bit.
	UHUGEINT	non_neg_integer()	Supported	Unsigned 128-bit.
	FLOAT	float(), :nan, :infinity, :neg_infinity	Supported	32-bit floating point; see Non-finite floats.
	DOUBLE	float(), :nan, :infinity, :neg_infinity	Supported	64-bit floating point; see Non-finite floats.
	DECIMAL	Decimal.t()	Supported	Widths backed by 16-, 32-, 64-, and 128-bit storage are covered.
	VARCHAR / CHAR	String.t()	Supported	Invalid UTF-8 raises a protocol error.
	BLOB	binary()	Supported	Returned as raw bytes.
	UUID	UUID string	Supported	Returned in canonical lowercase UUID format.
	ENUM	String.t()	Supported	Returned as the enum label.
	BIT	String.t()	Supported	Returned as a string of 0 and 1 characters.
	BIGNUM	integer()	Supported	Decodes DuckDB's variable-length integer payload into an Elixir integer.
	GEOMETRY	binary()	Partial	Decoded as WKB-compatible bytes when DuckDB's spatial extension returns geometry values; semantic geometry structs are not implemented.

Ecto schemas can use :binary_id or Ecto.UUID for UUID fields, including nullable fields and arrays. Schema reads return canonical UUID strings; SQL inserts and native append inserts preserve UUID values. Direct SQL results also remain canonical strings rather than Ecto's dumped 16-byte representation.
Non-finite floats
DuckDB FLOAT and DOUBLE columns can hold IEEE 754 infinities and NaN, and the BEAM has no float for them: <<x::float>> refuses to build one. QuackDB represents them with the same atoms Explorer uses, so a result column hands to a dataframe without translation:
	DuckDB value	Elixir value
	'inf'	:infinity
	'-inf'	:neg_infinity
	'nan' (any NaN payload, any sign)	:nan

The atoms work in every direction:
QuackDB.query!(conn, "SELECT 1.0/0.0 AS x, 'nan'::DOUBLE AS y").rows
#=> [[:infinity, :nan]]

QuackDB.query!(conn, "SELECT isnan(?)", [:nan]).rows
#=> [[true]]

QuackDB.insert_rows!(conn, "measurements", [[id: 1, ratio: :neg_infinity]])
As SQL parameters they are formatted as 'inf'::DOUBLE, '-inf'::DOUBLE, and 'nan'::DOUBLE; in native appends they are written as the IEEE bit patterns, with NaN as a quiet NaN.
Ecto's :float type accepts only numbers, so a schema field of type :float raises on load when the row holds one of these atoms, exactly as it does with Postgrex's :NaN and :inf. Direct SQL through the Repo returns the atoms unchanged. A schema that must carry non-finite values declares a custom type:
defmodule MyApp.Measure do
  use Ecto.Type

  def type, do: :float

  def cast(value) when is_float(value) or value in [:nan, :infinity, :neg_infinity], do: {:ok, value}
  def cast(_), do: :error

  def load(value), do: cast(value)
  def dump(value), do: cast(value)
end
Temporal types
	DuckDB type	Elixir value	Status	Notes
	DATE	Date.t()	Supported	
	TIME	Time.t()	Supported	Microsecond precision.
	TIME_NS	QuackDB.NanosecondTime.t()	Supported	Preserves nanoseconds since midnight.
	TIMESTAMP_S	NaiveDateTime.t()	Supported	Second precision.
	TIMESTAMP_MS	NaiveDateTime.t()	Supported	Millisecond precision.
	TIMESTAMP	NaiveDateTime.t()	Supported	Microsecond precision.
	TIMESTAMP_NS	QuackDB.NanosecondTimestamp.t()	Supported	Preserves nanoseconds since Unix epoch.
	TIME WITH TIME ZONE	QuackDB.TimeWithTimeZone.t()	Supported	Preserves time-of-day and UTC offset seconds.
	TIMESTAMPTZ	DateTime.t()	Supported	Decoded as UTC.
	TIMESTAMPTZ_NS	QuackDB.NanosecondTimestamp.t()	Supported	The UTC instant in nanoseconds; Elixir's DateTime stops at microseconds.
	INTERVAL	QuackDB.Interval.t()	Supported	Preserves DuckDB month, day, and microsecond components.

Nested types
	DuckDB type	Elixir value	Status	Notes
	LIST	list	Supported	Includes empty lists and null elements.
	STRUCT	map with string keys	Supported	Null child values are preserved.
	ARRAY	list	Supported	Fixed-size arrays are returned as Elixir lists.
	MAP	map	Supported	Map entries are converted to Elixir maps; duplicate-key policy follows Map.put/3.
	TUPLE	tuple	Supported	DuckDB 2.0's unnamed structs, such as SELECT (1, 'a').
	VARIANT	any of the above	Supported	Objects become maps with string keys, arrays become lists, and scalars decode like their column type. Shredded VARIANT columns read from storage decode the same way.

QuackDB.Ecto.Variant builds variant_extract/2, variant_type/1, variant_keys/1, and related expressions for querying inside VARIANT values.
Append encoding
QuackDB.insert_rows/4 supports scalar append values plus nested LIST, STRUCT, ARRAY, and MAP columns when explicit column specs are provided. Temporal append values use Elixir's Calendar conversion APIs and are encoded in DuckDB's ISO calendar representation.
Inferred types account for every value in a column: integers widen to BIGINT or HUGEINT as needed, integers mixed with floats become DOUBLE (while a DOUBLE holds them exactly), decimals and integers share one DECIMAL wide enough for all of them, and plain Elixir maps infer as DuckDB STRUCT values with the union of their keys. Any other mix fails with :mixed_append_types instead of truncating, dropping, or NULLing values. For explicit {:map, key_type, value_type} columns, QuackDB accepts either DuckDB-style key/value entries or ordinary Elixir maps:
QuackDB.insert_rows!(conn, "events", [[labels: %{env: "prod", region: "eu"}]],
  columns: [labels: {:map, :varchar, :varchar}]
)

QuackDB.insert_rows!(conn, "events", [[labels: [%{key: "env", value: "prod"}]]],
  columns: [labels: {:map, :varchar, :varchar}]
)
VARIANT columns take any JSON-shaped value when declared as :variant; QuackDB sends JSON text and DuckDB casts it on insert, so objects, arrays, and scalars keep their shapes. Without the declaration, inference refuses to mix maps, lists, and scalars in one column, with a :mixed_append_types error. A VARIANT column with mixed shapes needs it:
QuackDB.insert_rows!(conn, "events", [[payload: %{kind: "duck"}], [payload: [1, 2]]],
  columns: [payload: :variant]
)
Both MAP forms encode as DuckDB MAP(VARCHAR, VARCHAR). Arbitrary mixed-key or mixed-value Elixir map semantics are not implied; DuckDB MAP columns still have one key type and one value type. Duplicate MAP keys decode with the later entry winning, matching Map.put/3. Keys and values are encoded through the declared DuckDB types, so atom keys in {:map, :varchar, :varchar} columns become strings.
Vector encodings
	DuckDB vector encoding	Status
	Flat	Supported
	Constant	Supported
	Dictionary	Supported
	Sequence	Supported
	Shredded (VARIANT)	Supported
	FSST	Unsupported; QuackDB has an optional internal :fsst bridge, but current DuckDB Quack serialization flattens FSST vectors rather than exposing a compressed payload

SQL parameter literals
QuackDB formats query parameters as DuckDB SQL literals client-side because the current Quack request path does not expose server-side bind parameters. Pass values separately rather than interpolating them into SQL.
For direct queries, use {:blob, bytes} whenever the value is binary data, even if those bytes are valid UTF-8. Plain valid UTF-8 binaries without NUL are treated as text; relying on DuckDB to cast text into BLOB can interpret backslash escapes or reject non-ASCII bytes. Ecto schema :binary fields are explicitly encoded as blobs, including in native append inserts. Ecto :naive_datetime_usec and :utc_datetime_usec preserve microseconds; TIMESTAMPTZ results normalize to UTC rather than retaining the original time-zone name.
Supported parameter values:
	nil
	booleans
	integers
	floats, and the non-finite atoms :nan, :infinity, and :neg_infinity
	Decimal.t()
	strings
	{:blob, binary}
	{:json, map_or_list_or_scalar}
	Date.t()
	Time.t()
	NaiveDateTime.t()
	DateTime.t()
	QuackDB.Interval.t()
	Duration.t() values, converted to DuckDB interval literals and accepted by Ecto series/time-bucket helpers
	{:interval, months, days, micros}
	lists containing supported parameter values

Unsupported parameter values raise explicit errors rather than being formatted lossy.
Notes
	Unsupported types should fail explicitly rather than silently returning lossy values.
	Result decoding supports row-shaped results and columnar fetch batches. Arrow IPC / zero-copy handoff remains future work.
	Type behavior is validated with gated real DuckDB Quack integration tests where DuckDB currently exposes the type through the Quack extension.



  

    Examples

The examples directory shows QuackDB as an Elixir-native bridge to DuckDB analytics.
Examples start a local DuckDB Quack server with QuackDB.Server unless QUACKDB_URI is set. This keeps the examples runnable without asking you to manually start DuckDB.
Query observability
examples/query_observability.exs attaches telemetry handlers and prints query, append, and fetch timings.
cd /tmp
elixir /path/to/quackdb/examples/query_observability.exs

Source sampling
examples/source_sampling.exs scans newline-delimited JSON with QuackDB.Source, wraps it in USING SAMPLE, queries it through Ecto, and profiles the sampled source with DuckDB SUMMARIZE.
cd /tmp
elixir /path/to/quackdb/examples/source_sampling.exs

Dataframe analytics
examples/dataframe_analytics.exs demonstrates:
	deriving DuckDB DDL from an Ecto schema
	appending an Explorer.DataFrame through native column append
	querying with Ecto DSL
	returning an Explorer dataframe

cd /tmp
elixir /path/to/quackdb/examples/dataframe_analytics.exs

Append benchmark
examples/append_benchmark.exs compares SQL inserts, native row/column append, Explorer dataframe append, and Ecto insert paths.
cd /tmp
SMOKE=1 ROWS=10 BATCH_SIZE=5 elixir /path/to/quackdb/examples/append_benchmark.exs

Remove SMOKE=1 and increase ROWS for benchmark runs.
Full-text search
examples/full_text_search.exs creates a DuckDB FTS index, runs direct SQL BM25 search, and runs the same search through Ecto fragments.
cd /tmp
elixir /path/to/quackdb/examples/full_text_search.exs

Livebook analytics
examples/livebook_analytics.livemd is an interactive notebook using Explorer, Table.Reader, VegaLite, telemetry, and a local QuackDB.Server.
Spatial WMS
examples/spatial_wms/ is a minimal Ash + Ecto + Plug/Bandit application serving DuckDB Spatial rows through a WMS-like GeoJSON endpoint.
cd examples/spatial_wms
mix run --no-halt

Existing servers
To use an existing DuckDB Quack server instead of QuackDB.Server, set:
QUACKDB_URI='http://[::1]:9494'
QUACKDB_TOKEN=super_secret



  

    Managed DuckDB binary

QuackDB can download and cache DuckDB's official CLI binary for local QuackDB.Server usage. This is opt-in: dependency compilation never downloads DuckDB.
Local server
children =
  QuackDB.Server.child_specs(
    server: [name: MyApp.DuckDB, duckdb: :managed],
    client: [name: MyApp.QuackDB]
  )
QuackDB.Server runs DuckDB's idempotent INSTALL quack and then LOAD quack by default before serving. It writes generated boot SQL to an Elixir-managed temporary init file by default, so generated local server tokens are not embedded in process arguments. Set install_quack?: false only for locked-down environments that preinstall extensions and forbid startup-time extension installation.
Omit duckdb: :managed to use duckdb from PATH, or pass a path explicitly:
{QuackDB.Server, duckdb: "/usr/local/bin/duckdb"}
You can also force a path globally:
export QUACKDB_BINARY_PATH=/usr/local/bin/duckdb

Pairing with an Ecto Repo
Pass a standard {module, options} child tuple to QuackDB.Server.child_specs/1 to pair the server with a Repo instead of a direct client pool:
alias QuackDB.Server

children =
  Server.child_specs(
    server: [name: MyApp.DuckDB, duckdb: :managed, database: "tasks.duckdb"],
    client: {MyApp.Repo, pool_size: 2}
  )
Supervisor.start_link(children, strategy: :rest_for_one)
MyApp.Repo must use Ecto.Adapters.QuackDB. Both specs retain the same URI/token across restarts. Server options take precedence over client options; omitted credentials are generated. The server starts first; :rest_for_one also restarts the Repo if its server crashes and invalidates sessions. The original client: [name: MyApp.QuackDB] form remains shorthand for a direct DBConnection pool. Custom client modules must accept :uri and :token options; their child_spec/1 controls the client child specification.
Startup diagnostics
Readiness requires the CLI's matching quack_serve result row or a successful protocol probe, not merely a log line mentioning the endpoint. The default init file explicitly selects CSV output. HTTP probes run in a cancellable task: a stalled endpoint cannot hide daemon exits or extend the startup deadline. Daemon exit before readiness fails promptly, including exit status where available.
Startup errors use these QuackDB.Error.code values:
	:database_locked: a recognized DuckDB file-lock conflict. Unknown wording remains a generic startup failure.
	:server_start_failed: the daemon exited before becoming ready.
	:server_start_timeout: the readiness deadline expired.

Metadata includes :database, :uri, :last_error, :output_tail (at most 8 KiB), and :exit_reason for daemon exits. The retained tail redacts the server token, replaces invalid UTF-8, and truncates on a character boundary so it remains safe to encode as JSON text. Custom boot output can contain other sensitive data. MuonTrap capture is newline-delimited and best-effort; disabling stderr forwarding can hide errors. Explicit logger callbacks and log_output still receive original output, which can contain the token. An invalid executable can fail before the daemon starts and retains its underlying launch error.
Server.os_pid/1 and Server.info/1 expose the MuonTrap wrapper PID, not DuckDB's child PID or the owner of a conflicting database lock. They cannot discover another application's database owner.
Concurrency, shutdown, and copying files
Multiple clients can connect to one Quack server concurrently. Do not start a separate owner of the same native database file for each command while a writer is running. DuckDB permits one read/write process or multiple read-only processes with no writer—not independent readers alongside a writer. See DuckDB concurrency.
Server shutdown signals MuonTrap and does not automatically checkpoint. A remaining .wal file is normal recovery state and may contain committed data absent from the main file. Do not delete it or copy only the main file after an unclean exit. Reopen the original database with its WAL to recover it.
For a single-file copy:
	Prevent new writes from all clients and finish active transactions.
	Run QuackDB.Storage.checkpoint!/1 through the still-running Repo or direct connection; handle failure before proceeding.
	Stop clients, then terminate the server child through its supervisor. GenServer.stop/1 alone will restart a permanent supervised child.
	Verify the OS process has exited and released the file, then copy the checkpointed database. The Server process returning from shutdown is not itself OS-exit confirmation.

Keep writers quiescent throughout. force_checkpoint!/1 can wait for active transactions; it is not a write-draining or shutdown API. Neither helper can guarantee a single-file artifact after a crash, SIGKILL, or power loss. Prefer a tested backup workflow when other clients cannot be excluded. recovery_mode: :no_wal_writes is only for rebuildable artifacts, not a durability workaround.
Explicit install
mix quackdb.install
mix quackdb.install --print-path

Managed binaries are cached under the user's cache directory. Override it with:
export QUACKDB_BINARY_CACHE_DIR=/opt/quackdb/duckdb
mix quackdb.install

or:
mix quackdb.install --cache-dir /opt/quackdb/duckdb

Version and checksum policy
QuackDB.Binary.default_version/0 is the DuckDB CLI version pinned by the current QuackDB release. QuackDB ships SHA256 checksums for that version and the supported targets returned by QuackDB.Binary.known_targets/0. DuckDB publishes the CLI as duckdb-cli-<target>.tar.gz; QuackDB verifies the archive checksum before unpacking it.
Other DuckDB 2.x versions must pass an explicit checksum. QuackDB refuses older CLIs, which do not serve Quack protocol version 3:
mix quackdb.install --version 2.0.1 --sha256 SHA256_HEX

QuackDB.Binary.install(version: "2.0.1", sha256: "SHA256_HEX")
Target prefetching
The install task can prefetch a supported target without validating that binary on the current host:
mix quackdb.install --target linux-amd64 --cache-dir priv/quackdb-binaries

This is useful for CI cache priming or container image build steps. Runtime duckdb: :managed still chooses the current OS, architecture, and libc automatically.
Supported managed-download targets for the pinned version are:
	linux-amd64
	linux-arm64
	linux-amd64-musl
	linux-arm64-musl
	osx-amd64
	osx-arm64
	osx-universal (prefetch with --target; hosts detect their native osx-* target)

DuckDB 2.0 is the last release with full osx-amd64 support; DuckDB 2.1 plans to drop it.
Windows managed downloads are not supported yet. Use QUACKDB_BINARY_PATH or pass duckdb: "C:/path/to/duckdb.exe" on Windows.
The musl builds require libstdc++. On Alpine Linux, install it in the runtime image:
apk add --no-cache libstdc++



  

    Explorer and Table.Reader

QuackDB can hand query results to Explorer and can append Explorer dataframes through Quack's native column append protocol.
The Explorer integration is optional. Add Explorer when you want dataframe helpers:
{:quackdb, "~> 0.7.0"},
{:explorer, "~> 0.11"}
Query into a dataframe
Ecto queries can be passed directly when you have schemas or source helpers:
use QuackDB.Ecto

alias QuackDB.Explorer, as: QuackExplorer

query =
  from event in Event,
    group_by: event.category,
    select: %{category: event.category, avg_score: avg(event.score)}

summary = QuackExplorer.dataframe!(conn, query)
Append a dataframe
alias Explorer.DataFrame
alias QuackDB.Explorer, as: QuackExplorer

df =
  DataFrame.new(
    id: [1, 2, 3],
    category: ["alpha", "alpha", "beta"],
    score: [10.0, 20.0, 15.0]
  )

QuackExplorer.insert_dataframe!(conn, "events", df, batch_size: 10_000)
This uses QuackDB.insert_columns/4 internally, preserving Explorer's columnar shape instead of converting the dataframe into row maps.
QuackDB.Explorer.dataframe/4 also accepts raw SQL when needed.
Table.Reader
Streams and other enumerables of row maps/keywords can be appended without materializing the whole input:
File.stream!("events.ndjson")
|> Stream.map(&JSON.decode!/1)
|> QuackDB.insert_stream!(conn, "events", chunk_every: 10_000)
Any Table.Reader-compatible data can also be appended through QuackDB's native column append path. The name follows the Table.Reader protocol; it accepts tabular inputs, not a database table name as input data.
QuackDB.insert_table!(conn, "events", %{id: [1, 2], name: ["duck", "goose"]})
Reading results with Table.Reader
When the optional :table package is available, QuackDB.Result and QuackDB.Columns implement Table.Reader.
result = QuackDB.query!(conn, "SELECT 1 AS id, 'duck' AS name")
Table.Reader.init(result)
Columnar results expose a column reader:
columns = QuackDB.columnar!(conn, "SELECT 1 AS id, 'duck' AS name")
Table.Reader.init(columns)
This makes QuackDB friendlier to Livebook, Explorer, and Table-aware Elixir tooling.
See examples/dataframe_analytics.exs for a runnable dataframe roundtrip.


  

    Sources, extensions, and secrets

DuckDB can scan local files, remote object stores, and lakehouse table formats directly. QuackDB exposes small SQL builders around those features so paths, options, extension names, and credentials are formatted consistently.
Source helpers
QuackDB.Source builds DuckDB table-function fragments:
alias QuackDB.Source

Source.csv("events.csv", header: true, columns: %{id: "INTEGER", name: "VARCHAR"})
#=> "read_csv('events.csv', header = TRUE, columns = {'id': 'INTEGER', 'name': 'VARCHAR'})"
Available helpers:
	Source.parquet/2 → read_parquet(...)
	Source.csv/2 → read_csv(...)
	Source.json/2 → read_json(...)
	Source.xlsx/2 → read_xlsx(...)
	Source.delta/2 → delta_scan(...)
	Source.iceberg/2 → iceberg_scan(...)

Use Source.table_function/3 for a DuckDB table function that QuackDB does not wrap yet. Use Source.sample/2 to wrap any source in a DuckDB USING SAMPLE subquery:
Source.parquet("events.parquet")
|> Source.sample(rows: 1_000)
Sampling composes with direct profiling helpers when you want a quick look at a large source:
sampled =
  Source.parquet("s3://bucket/events/*.parquet", hive_partitioning: true)
  |> Source.sample(percent: 1)

QuackDB.query!(conn, QuackDB.Analytics.summarize({:query, "SELECT score, category FROM #{sampled}"}))
Ecto queries
Source fragments can be used as Ecto sources for analytical reads:
use QuackDB.Ecto

alias QuackDB.Source

source = Source.parquet("s3://bucket/events/*.parquet", hive_partitioning: true)

MyApp.AnalyticsRepo.all(
  from event in source,
    group_by: event.category,
    select: %{category: event.category, events: count()}
)
JSON sources work the same way. Cast JSON/text columns with normal Ecto type/2 and use QuackDB JSON helpers when needed:
source = Source.json("s3://bucket/events/*.json", format: :newline_delimited)

MyApp.AnalyticsRepo.all(
  from event in source,
    where: type(event.payload["score"], :integer) > 10,
    select: %{
      name: event.payload["name"],
      score: type(event.payload["score"], :integer)
    }
)
Use Ecto query composition for relational operations such as UNION ALL instead of source-specific SQL helpers:
first = from event in Source.parquet("2024/*.parquet"), select: %{id: event.id, name: event.name}
second = from event in Source.parquet("2025/*.parquet"), select: %{id: event.id, name: event.name}

MyApp.AnalyticsRepo.all(union_all(first, ^second))
Source metadata and partition columns
DuckDB scan options such as filename, hive_partitioning, and union_by_name are regular Source.parquet/2 options and can be queried through Ecto:
source =
  Source.parquet("s3://bucket/events/**/*.parquet",
    filename: true,
    hive_partitioning: true,
    union_by_name: true
  )

MyApp.AnalyticsRepo.all(
  from event in source,
    group_by: [event.year, event.month],
    select: %{
      year: event.year,
      month: event.month,
      files: count(event.filename),
      events: count()
    }
)
Materialize sources for FTS or repeated queries
Temporary tables belong to one DuckDB session. Keep their complete create/use/drop workflow inside one transaction, or use a persistent table for subsequent pooled calls, as below. Temporary secrets are different: they are shared within the DuckDB instance but are not persisted across restarts.
DuckDB features such as FTS indexes operate on tables, so source scans are often materialized first:
use QuackDB.Ecto

alias QuackDB.{DDL, FTS, Source}

source = Source.parquet("s3://bucket/documents/*.parquet")

query =
  from doc in source,
    select: %{id: doc.id, title: doc.title, body: doc.body}

QuackDB.query!(conn, DDL.create_table("docs", as: query))
QuackDB.query!(conn, FTS.create_index("docs", :id, [:title, :body], overwrite: true))
See the full-text search guide for the full BM25 search flow.
Direct SQL queries
The same source fragments can be composed into direct QuackDB SQL when that is clearer:
alias QuackDB.Source

source = Source.csv("events.csv", header: true)

QuackDB.query!(conn, [
  "SELECT category, count(*) AS events FROM ",
  source,
  " GROUP BY category ORDER BY category"
])
Local files
A local path works when it is visible to the DuckDB server process:
Source.parquet("/data/events/*.parquet")
Source.csv("file:///data/events.csv", header: true)
When QuackDB is connected to a remote DuckDB server, paths are resolved on the server side, not in the Elixir VM. QuackDB does not automatically upload local files; use paths that the DuckDB server can see, or put data behind HTTP(S), object storage, Azure/ADLS, Hugging Face, or another DuckDB-supported source.
HTTP and HTTPS
DuckDB reads HTTP(S) files through the httpfs extension:
alias QuackDB.{Extension, Source}

QuackDB.query!(conn, Extension.install(:httpfs))
QuackDB.query!(conn, Extension.load(:httpfs))

source = Source.parquet("https://example.com/events.parquet")
HTTP credentials are configured with DuckDB secrets:
alias QuackDB.Secret

QuackDB.query!(conn, Secret.create(:http, name: :api, bearer_token: token))

QuackDB.query!(
  conn,
  Secret.create(:http, 
    name: :headers,
    extra_http_headers: %{"Authorization" => "Bearer #{token}"}
  )
)
S3-compatible stores
DuckDB's httpfs extension supports S3 and S3-compatible storage such as MinIO, lakeFS, Cloudflare R2, Tigris, and Google Cloud Storage interoperability endpoints.
alias QuackDB.{Extension, Secret, Source}

QuackDB.query!(conn, Extension.install(:httpfs))
QuackDB.query!(conn, Extension.load(:httpfs))
QuackDB.query!(conn, Secret.create(:s3, provider: :credential_chain))

source = Source.parquet("s3://bucket/events/*.parquet", hive_partitioning: true)
Explicit S3 credentials:
Secret.create(:s3, 
  key_id: System.fetch_env!("AWS_ACCESS_KEY_ID"),
  secret: System.fetch_env!("AWS_SECRET_ACCESS_KEY"),
  region: "us-east-1",
  scope: "s3://bucket/prefix/"
)
Cloudflare R2:
Secret.create(:r2, 
  account_id: System.fetch_env!("CLOUDFLARE_ACCOUNT_ID"),
  key_id: System.fetch_env!("R2_ACCESS_KEY_ID"),
  secret: System.fetch_env!("R2_SECRET_ACCESS_KEY")
)

Source.parquet("r2://bucket/events/*.parquet")
Google Cloud Storage via DuckDB's GCS secret type:
Secret.create(:gcs, 
  key_id: System.fetch_env!("GCS_HMAC_KEY_ID"),
  secret: System.fetch_env!("GCS_HMAC_SECRET")
)

Source.parquet("gcs://bucket/events/*.parquet")
Azure Blob Storage and ADLS
DuckDB reads Azure storage through the azure extension:
alias QuackDB.{Extension, Secret, Source}

QuackDB.query!(conn, Extension.install(:azure))
QuackDB.query!(conn, Extension.load(:azure))

QuackDB.query!(
  conn,
  Secret.create(:azure, provider: :credential_chain, account_name: "storage_account")
)

Source.parquet("az://container/events/*.parquet")
Source.parquet("abfss://filesystem/events/*.parquet")
Hugging Face datasets
DuckDB can scan Hugging Face dataset files with hf:// URLs through httpfs:
alias QuackDB.{Extension, Secret, Source}

QuackDB.query!(conn, Extension.install(:httpfs))
QuackDB.query!(conn, Extension.load(:httpfs))

source =
  Source.parquet(
    "hf://datasets/datasets-examples/doc-formats-parquet-1/data/train-00000-of-00001.parquet"
  )
Private or gated datasets can use a Hugging Face secret:
QuackDB.query!(conn, Secret.create(:huggingface, name: :hf_token, token: token))
Lakehouse formats
DuckDB can scan Delta and Iceberg tables when the relevant extensions and storage credentials are configured:
alias QuackDB.Source

Source.delta("s3://bucket/delta/events")
Source.iceberg("s3://bucket/warehouse/events")
Use Ecto or direct SQL around those fragments just like CSV and Parquet sources:
source = Source.delta("s3://bucket/delta/events")

MyApp.AnalyticsRepo.all(
  from event in source,
    group_by: event.category,
    select: %{category: event.category, events: count()}
)
To read Delta or DuckLake tables as they were at an earlier snapshot, see
Snapshots and Time Travel.
Keep lakehouse setup SQL explicit when DuckDB-specific options are clearer than another wrapper:
QuackDB.query!(conn, QuackDB.Extension.install(:delta))
QuackDB.query!(conn, QuackDB.Extension.load(:delta))
QuackDB.query!(conn, "SET azure_transport_option_type = 'curl'")


  

    Snapshots and Time Travel

Delta and DuckLake tables keep their history. Every commit creates a snapshot,
and DuckDB reads a table as it was at any snapshot that has not expired. QuackDB
exposes that through Ecto with QuackDB.Ecto.Snapshot, and through SQL helpers
in QuackDB.DuckLake, QuackDB.DDL, and QuackDB.Source.
Delta or DuckLake
Both formats keep data in Parquet files on local disk or object storage, and both
read past snapshots with the same AT (...) clause, so the Ecto API is the same.
They differ in what they record:
		DuckLake	Delta
	Writes from DuckDB	INSERT, UPDATE, DELETE	INSERT only
	Snapshot numbering	one per catalog, across all its tables	one per table
	List snapshots	DuckLake.snapshots/1	not available in DuckDB
	Rows changed between snapshots	DuckLake.changes/3	not available in DuckDB
	Tag a commit	DuckLake.set_commit_message/3	not available
	Metadata	a DuckDB, SQLite, or PostgreSQL catalog database	a _delta_log beside the data
	Readers	DuckDB	Spark, Databricks, Polars, and other Delta readers

Use DuckLake for application data that is updated and deleted, or when one
snapshot must describe several tables at once, such as replaying what an app's
database looked like at a moment. Use Delta for append-only data, or when
other engines read or write the same tables.
DuckLake
Load the extension and attach a catalog. The metadata path and :data_path are
read by the DuckDB server:
alias QuackDB.{DDL, DuckLake, Extension}

Repo.query!(Extension.install(:ducklake))
Repo.query!(Extension.load(:ducklake))
Repo.query!(DDL.attach("ducklake:/var/lib/app/lake.ducklake", :lake, data_path: "s3://bucket/lake/"))
Point Ecto schemas at the catalog with @schema_prefix, and read and write them
as usual. Each transaction commits one snapshot:
defmodule MyApp.Order do
  use Ecto.Schema

  @schema_prefix "lake"
  schema "orders" do
    field :status, :string
    has_many :items, MyApp.Item
  end
end

Repo.insert!(%Order{status: "new"})
Repo.update_all(Order, set: [status: "paid"])
A DuckLake catalog kept in a DuckDB file can be attached once per server, so
read past snapshots through the attached catalog rather than attaching it again.
Delta
Attach a Delta table with type: :delta. The attached database holds one table
with the same name:
Repo.query!(Extension.install(:delta))
Repo.query!(Extension.load(:delta))
Repo.query!(DDL.attach("s3://bucket/events", :events, type: :delta))
Repo.query!(DDL.create_table({:events, :events}, id: :bigint, name: :varchar))

Repo.insert_all("events", [[id: 1, name: "signup"]])
Delta versions count each table's commits from 0, its creation. To read a Delta
table without attaching it, pass :version or :timestamp to Source.delta/2;
to attach it read-only at a version, pass version: to DDL.attach/3:
from event in Source.delta("s3://bucket/events", version: 5), select: count()

Repo.query!(DDL.attach("s3://bucket/events", :events_v5, type: :delta, version: 5))
Reading a snapshot
QuackDB.Ecto.Snapshot.put_snapshot/2 reads every table in a query at a
snapshot. A DateTime reads the latest snapshot committed at or before it;
version: n reads a DuckLake snapshot id or a Delta table version:
import QuackDB.Ecto.Snapshot

Order
|> join(:inner, [o], i in assoc(o, :items))
|> select([o, i], {o.status, i.name})
|> put_snapshot(~U[2026-10-20 14:03:11Z])
|> Repo.all()
The snapshot reaches joins, including assoc joins and their join tables,
subqueries, and CTE bodies. It skips CTE names, values/2, fragments, and
QuackDB.Source helpers.
Plain DuckDB tables keep no snapshots, so a query that joins one fails with
Catalog type does not support time travel. Give the snapshot to one named
binding with put_snapshot/3, which also overrides the query's snapshot, for
example to compare two versions:
from(e in "events", as: :event, join: c in "countries", on: c.code == e.country, select: c.name)
|> put_snapshot(:event, version: 5)
Ecto drops hints on assoc joins while planning, so put_snapshot/3 needs a binding
from from or a join on an explicit source.
The :snapshot repo option
To give a whole repo call a snapshot, preloads included, delegate the repo's
prepare_query/3 to QuackDB.Ecto.Snapshot:
defmodule MyApp.Repo do
  use Ecto.Repo, otp_app: :my_app, adapter: Ecto.Adapters.QuackDB

  @impl true
  defdelegate prepare_query(operation, query, opts), to: QuackDB.Ecto.Snapshot
end
order = Repo.get!(Order, id, snapshot: event_at)
Repo.preload(order, :items, snapshot: event_at)

Order |> preload(:items) |> Repo.all(snapshot: [version: 42])
Ecto passes a call's options to its preload queries, so they read the same
snapshot. Snapshots are read-only: update_all and delete_all raise when
given one.
A timestamp before the first snapshot fails with No snapshot found at timestamp
on DuckLake and no version exists at or before this timestamp on Delta; both
reject timestamps in the future. Snapshot times come from the DuckDB server's
clock, so keep it in sync with the clocks that record the times you read at.
In raw SQL, write the clause after the table's alias:
SELECT o.status FROM lake.orders AS o AT (VERSION => 42)
SELECT count(*) FROM events AT (TIMESTAMP => TIMESTAMPTZ '2026-10-20 14:03:11+00')
Listing DuckLake snapshots
DuckLake.snapshots/1 and DuckLake.current_snapshot/1 are table sources, so
Ecto queries them. To find the snapshot a moment saw:
from snapshot in DuckLake.snapshots(:lake),
  where: snapshot.snapshot_time <= ^event_at,
  order_by: [desc: snapshot.snapshot_id],
  limit: 1,
  select: snapshot.snapshot_id
Snapshots have snapshot_id, snapshot_time, schema_version, changes, and
the author, commit_message, and commit_extra_info a transaction set with
DuckLake.set_commit_message/3. Tagging commits maps them to what wrote them
without comparing clocks:
Repo.transaction(fn ->
  Repo.insert!(order)
  Repo.query!(DuckLake.set_commit_message(:lake, "checkout", extra_info: %{request_id: request_id}))
end)
Rows changed between snapshots
DuckLake.changes/3 reads the rows of one table that changed in snapshots
:from through :to, both included, with snapshot_id, rowid, and
change_type: insert, delete, update_preimage, or update_postimage.
:from and :to are snapshot ids, or DateTimes that take the snapshots
committed between them. DuckLake.insertions/3 and DuckLake.deletions/3
read only inserted or deleted rows; an update deletes the row's old version
and inserts the new one.
from change in DuckLake.changes(:lake, Order, from: 42, to: 42),
  order_by: [change.snapshot_id, change.rowid],
  select: %{type: change.change_type, id: change.id, status: change.status}
Expiring snapshots
DuckLake keeps every snapshot until it expires. Expired snapshots can no longer
be read:
Repo.query!(DuckLake.expire_snapshots(:lake, older_than: DateTime.add(DateTime.utc_now(), -30, :day)))
Delta versions last until a Delta writer cleans up the table's log and
vacuums its old files.


  

    Spatial

QuackDB includes helpers for DuckDB's spatial extension and optional conversion between DuckDB GEOMETRY values and Elixir Geo structs.
Load DuckDB spatial
alias QuackDB.Spatial

QuackDB.query!(conn, Spatial.load())
For a supervised local demo server, use QuackDB.Server and then load the extension on the client connection.
Ecto spatial helpers
QuackDB.Ecto.Spatial wraps DuckDB spatial functions in Ecto fragments so spatial expressions can stay in normal Ecto queries:
use QuackDB.Ecto

query =
  from place in "places",
    where: intersects(place.geom, envelope(^min_x, ^min_y, ^max_x, ^max_y)),
    order_by: place.id,
    select: %{
      id: place.id,
      name: place.name,
      wkt: as_text(place.geom),
      geojson: as_geojson(place.geom),
      nearby: distance(place.geom, ^%Geo.Point{coordinates: {1.0, 2.0}, srid: nil}) < 1_000
    }

MyApp.AnalyticsRepo.all(query)
For creating geometry expressions in Ecto queries:
from place in "places",
  where: distance(place.geom, point(^lon, ^lat)) < ^meters,
  select: %{id: place.id, geometry: as_wkb(place.geom)}
Available helpers include point/2, as_wkb/1, as_hex_wkb/1, as_text/1, as_geojson/1, geom_from_wkb/1, geom_from_text/1, envelope/4, intersects/2, contains/2, and distance/2.
DuckDB GEOMETRY values decode as WKB-compatible binaries.
Optional Geo conversion
Add the optional :geo package when you want Elixir geometry structs:
{:geo, "~> 4.1"}
Then convert decoded WKB bytes:
alias QuackDB.Geometry

geo = Geometry.to_geo!(wkb)
wkb = Geometry.from_geo!(geo)
%Geo.*{} structs can also be passed as SQL/Ecto parameters when :geo is available.
WMS-style example
examples/spatial_wms/ is a minimal Ash + Ecto + Plug/Bandit app that serves DuckDB Spatial rows through a WMS-like GeoJSON endpoint.
It demonstrates:
	QuackDB.Server for local DuckDB Quack supervision
	Ecto queries with QuackDB.Ecto.Spatial
	Ash resource structs at the HTTP boundary
	WMS-style GetCapabilities and GetMap requests

It is a small GeoJSON profile of WMS, not a complete OGC WMS implementation.


  

    Full-text search

DuckDB's fts extension adds full-text indexes and BM25 ranking. QuackDB provides small SQL helpers for index management and Ecto helpers for search expressions.
Load the extension
alias QuackDB.FTS

QuackDB.query!(conn, FTS.install())
QuackDB.query!(conn, FTS.load())
DuckDB can autoload extensions in many environments, but explicit install/load keeps setup scripts and examples predictable.
Create an index
QuackDB.query!(
  conn,
  FTS.create_index("documents", :id, [:title, :body],
    stemmer: :porter,
    stopwords: :english,
    overwrite: true
  )
)
Use :all to index all VARCHAR columns:
QuackDB.query!(conn, FTS.create_index("documents", :id, :all, overwrite: true))
Drop the generated index schema with:
QuackDB.query!(conn, FTS.drop_index("documents"))
The index is a snapshot of the table when it was created; rows added later are not searchable until the index is recreated with overwrite: true. DuckDB 2.0 replays a recreated or dropped index from the write-ahead log, so a database closed without a checkpoint reopens with the new index.
DuckDB creates a schema for each index. For main.documents, the generated schema is fts_main_documents; an unqualified documents lives in main and gets the same schema. Use FTS.schema_name/1 when building raw SQL fragments.
Index a materialized source
DuckDB FTS indexes operate on tables, so source scans are often materialized first. This example uses a persistent table so subsequent pooled calls can query it. Temporary tables are session-local: their entire create/index/search/cleanup workflow must stay on one checked-out connection, for example inside a transaction.
use QuackDB.Ecto

alias QuackDB.{DDL, FTS, Source}

source = Source.parquet("s3://analytics/documents/*.parquet")

query =
  from doc in source,
    select: %{id: doc.id, title: doc.title, body: doc.body}

QuackDB.query!(conn, DDL.create_table("docs", as: query))
QuackDB.query!(conn, FTS.create_index("docs", :id, [:title, :body], overwrite: true))
The same pattern works for CSV, JSON, Delta, Iceberg, Hugging Face datasets, or any source expression DuckDB can read. DDL.create_table/2 accepts Ecto queries without pinned parameters because DDL helpers return SQL iodata rather than {sql, params} tuples. Use literal query expressions in the CTAS query, or materialize parameterized results before indexing. Use QuackDB.Secret.create/2 and QuackDB.Extension.load/1 when the source needs credentials or an extension such as httpfs.
Search from direct SQL
schema = FTS.schema_name("main.documents")
score = FTS.match_bm25(~s|"id"|, "duckdb analytics", schema: schema)

QuackDB.query!(conn, [
  "SELECT id, title, ", score, " AS score ",
  "FROM documents WHERE ", score, " > 0 ",
  "ORDER BY score DESC"
])
match_bm25/3 accepts DuckDB's BM25 options. bm25/3 and search_score/3 are aliases when those read better in query-building code:
FTS.match_bm25(~s|"id"|, "duckdb analytics",
  schema: "fts_main_documents",
  fields: [:title, :body],
  k: 1.2,
  b: 0.75,
  conjunctive: false
)
Search from Ecto
Import QuackDB.Ecto.FTS or use QuackDB.Ecto:
import Ecto.Query
import QuackDB.Ecto.FTS

scored =
  from doc in "documents",
    select: %{
      id: doc.id,
      title: doc.title,
      score: match_bm25("fts_main_documents", doc.id, ^"duckdb analytics")
    }

query =
  from doc in subquery(scored),
    where: doc.score > 0,
    order_by: [desc: doc.score],
    limit: 50,
    select: %{id: doc.id, title: doc.title, score: doc.score}

MyApp.AnalyticsRepo.all(query)
The subquery shape keeps the BM25 expression named once and lets the outer query filter, order, and limit by score without repeating the helper call. For large source-text tables, use the same Ecto pattern at a coarser grain first, then join the top matches to detailed rows:
file_scores =
  from file in "files",
    select: %{
      file_id: file.file_id,
      score: match_bm25("fts_main_files", file.file_id, ^"duckdb analytics")
    }

top_files =
  from file in subquery(file_scores),
    where: file.score > 0,
    order_by: [desc: file.score],
    limit: 25

query =
  from fragment in "fragments",
    join: file in subquery(top_files),
    on: fragment.file_id == file.file_id,
    order_by: [desc: file.score, asc: fragment.path],
    select: %{
      file_id: fragment.file_id,
      path: fragment.path,
      content: fragment.content,
      file_score: file.score
    }

MyApp.AnalyticsRepo.all(query)
For static query modules, pass the generated FTS schema as a literal string. For runtime table names, pin the schema name and the helper will emit an Ecto identifier(^schema) fragment:
schema = QuackDB.FTS.schema_name("main.documents")

from doc in "documents",
  where: match_bm25(^schema, doc.id, ^"duckdb analytics") > 0,
  select: %{score: search_score(^schema, doc.id, ^"duckdb analytics")}
Text stemming
DuckDB's FTS extension also exposes stem:
QuackDB.query!(conn, ["SELECT ", FTS.stem("'running'", :english)])
In Ecto:
from doc in "documents", select: stem(doc.body, ^"english")


  

    Telemetry

QuackDB emits :telemetry spans for direct query, append, and fetch operations.
Events
With the default prefix, QuackDB emits:
[:quackdb, :query, :start]
[:quackdb, :query, :stop]
[:quackdb, :append, :start]
[:quackdb, :append, :stop]
[:quackdb, :fetch, :start]
[:quackdb, :fetch, :stop]
Use :telemetry_prefix when starting the connection to align events with your application:
children = [
  {QuackDB,
   uri: "http://[::1]:9494",
   token: "super_secret",
   telemetry_prefix: [:my_app, :quackdb]}
]
Then query events are emitted as:
[:my_app, :quackdb, :query, :start]
[:my_app, :quackdb, :query, :stop]
Metadata
Query start metadata includes:
%{
  query: "SELECT ...",
  connection_id: "...",
  options: []
}
Query stop metadata includes:
%{
  command: :select,
  rows: 42,
  result: :ok,
  encode_duration: 120_000,
  transport_duration: 8_000_000,
  decode_duration: 300_000,
  normalize_duration: 1_000_000,
  request_bytes: 240,
  response_bytes: 12_000_000
}
Duration values use Erlang native time units. Query normalize_duration covers response normalization, remaining fetches for non-streamed queries, and row materialization.
Fetch events cover one result batch each. Their metadata includes the query_uuid the client generated for the query and the batch_index it requested, counting from 1 after the rows the first response carried.
Append start metadata includes:
%{
  query: "APPEND events",
  table: "events",
  schema: "",
  rows: 100_000,
  batches: 10,
  batch_size: 10_000,
  connection_id: "...",
  options: []
}
Append stop metadata includes the normal command/result fields plus append phase metrics. Duration values use Erlang native time units, matching the :telemetry.span/3 measurement convention:
%{
  command: :insert,
  rows: 100_000,
  result: :ok,
  batches: 10,
  encode_duration: 1_200_000,
  transport_duration: 8_000_000,
  decode_duration: 300_000,
  append_duration: 9_700_000,
  request_bytes: 12_000_000,
  response_bytes: 240,
  rows_per_second: 103_092.78
}
Fetch stop metadata includes:
%{
  chunks: 3,
  result: :ok,
  encode_duration: 40_000,
  transport_duration: 2_000_000,
  decode_duration: 300_000,
  normalize_duration: 50_000,
  request_bytes: 80,
  response_bytes: 12_000_000
}
Errors are reported as stop metadata with result: :error and error: %QuackDB.Error{}.
Custom operation metadata
Pass :telemetry_options to copy application context into telemetry metadata:
QuackDB.query!(conn, "SELECT * FROM events", [],
  telemetry_options: [request_id: "req-1", job: :daily_rollup]
)
Parameters are omitted by default. Opt in explicitly when params are safe to expose:
QuackDB.query!(conn, "SELECT ?", [1], telemetry_params: true)
Minimal observer
:telemetry.attach_many(
  "my-quackdb-observer",
  [[:quackdb, :query, :stop], [:quackdb, :append, :stop]],
  fn event, measurements, metadata, _config ->
    duration_ms = System.convert_time_unit(measurements.duration, :native, :millisecond)
    IO.inspect({event, duration_ms, metadata})
  end,
  nil
)
See examples/query_observability.exs for a runnable observer.


  

    Quack protocol coverage

QuackDB is intentionally protocol-first, but it does not claim full DuckDB Quack protocol coverage yet. It speaks Quack protocol version 3, the version DuckDB 2.0 serves, and refuses servers that select another version. This matrix tracks the implemented surface, unsupported gaps, and the test style expected before a feature is treated as covered.
Message coverage
	Quack message	Status	Coverage
	Connection request	Supported	Version 3 range, client id, and heartbeat lease; codec tests and connection integration
	Connection response	Supported	Negotiated lease; DuckDB 2.0 fixture and integration
	Prepare request	Supported	Query UUID and inline row limit; query, prepare, and stream integration
	Prepare response	Supported	DuckDB 2.0 fixtures and integration
	Fetch request	Supported	Dense batch and acknowledged-prefix indexes; retried after lost connections
	Fetch response	Supported	Chunk blob after the body and terminal batch count; DuckDB 2.0 fixtures
	Send-data request	Supported	Native appends into scan_data_from_quack_client; codec tests and integration
	Send-data response	Supported	Native append integration
	Cancel request	Supported	QuackDB.cancel/3, timeouts, and disconnects; integration
	Acknowledgement	Supported	Sent with acknowledge_results: true
	Heartbeat request	Supported	DBConnection idle pings; integration
	Success response	Supported	Heartbeat, cancel, and disconnect paths
	Error response	Supported	Message, exception type, extra info, and invalidation flag; DuckDB 2.0 fixture
	Disconnect	Supported	DBConnection disconnect cleanup

Vector encoding coverage
	Vector encoding	Decode	Encode	Notes
	Flat	Supported	Supported	Primary query and append path; strings use DuckDB 2.0's lengths-and-bytes layout and the pre-2.0 list layout still decodes
	Constant	Supported	Not emitted	Decode expands constants to row values
	Dictionary	Supported	Not emitted	Decode validates selection indexes
	Sequence	Supported	Not emitted	Decode materializes generated values
	Shredded	Supported	Not emitted	VARIANT columns read from storage; typed fields merge with unshredded leftovers
	FSST	Unsupported	Unsupported	Raises explicit :unsupported_vector_type; QuackDB has an internal optional :fsst bridge, but current real-server probes with repeated long strings still return flat VARCHAR chunks over Quack, so the compressed wire payload shape is not exposed by current DuckDB releases
	Unknown vector ids	Unsupported	Unsupported	Raises explicit :unknown_vector_type

Logical type coverage
	DuckDB logical type family	Decode	Append encode	Notes
	Booleans	Supported	Supported	
	Signed/unsigned integers	Supported	Supported	Includes hugeint/uhugeint
	Floating point	Supported	Supported	
	Decimal	Supported	Supported	Width-dependent physical storage
	VARCHAR/CHAR	Supported	Supported	Invalid UTF-8 raises explicit errors
	BLOB	Supported	Supported	Raw bytes
	UUID	Supported	Partial	Decode supported; append can encode integer storage but public UUID append ergonomics are not finalized
	ENUM	Supported	Partial	Decode supported; append requires encoded enum index today
	BIT	Supported	Partial	Decode to bit string; append expects DuckDB bit payload bytes
	BIGNUM	Supported	Supported	Elixir integers; fixture covers zero, positive, and negative large values
	DATE/TIME/TIMESTAMP/TIMESTAMPTZ	Supported	Supported	Calendar-aware append encoding
	TIME_NS	Supported	Supported	QuackDB.NanosecondTime
	TIMESTAMP_NS	Supported	Supported	QuackDB.NanosecondTimestamp
	TIMESTAMPTZ_NS	Supported	Supported	QuackDB.NanosecondTimestamp holding the UTC instant
	TIME WITH TIME ZONE	Supported	Supported	QuackDB.TimeWithTimeZone
	INTERVAL	Supported	Supported	QuackDB.Interval
	LIST	Supported	Supported	Nested values covered by real integration
	STRUCT	Supported	Supported	String-key maps on decode
	ARRAY	Supported	Supported	Fixed-size metadata is encoded/decoded
	MAP	Supported	Supported	Decodes to maps; duplicate keys follow Map.put/3 semantics
	SQLNULL	Partial	Partial	Covered as ordinary null values, not all standalone logical-type edge cases
	UNION	Unsupported	Unsupported	Should raise explicit unsupported errors
	VARIANT	Supported	Via JSON	Decodes to Elixir terms, shredded or not; :variant append columns send JSON text that DuckDB casts
	TUPLE	Supported	Unsupported	Decodes to Elixir tuples
	ANY/TEMPLATE/LAMBDA/POINTER	Unsupported	Unsupported	Protocol metadata reserved/unsupported
	LEGACY_AGGREGATE_STATE	Unsupported	Unsupported	Metadata not implemented
	Extension/custom types	Unsupported	Unsupported	Metadata not implemented
	GEOMETRY	Partial	Partial	Decoded as WKB-compatible bytes from DuckDB spatial geometry values; semantic geometry structs are not implemented

DBConnection and client coverage
	Feature	Status	Coverage
	Query execution	Supported	Unit and integration
	Prepare/execute	Supported	Unit and integration
	Streaming/fetch continuation	Supported	Unit and integration
	Transactions	Supported	Unit and integration
	Native row append	Supported	Unit and integration, including ON CONFLICT, RETURNING, and column defaults
	Native column append	Supported	Unit and integration
	Query cancellation	Supported	QuackDB.cancel/3; timeouts and disconnects cancel their query
	Heartbeat leases	Supported	Idle pings renew; expired leases reconnect
	Ecto raw SQL	Supported	Unit and integration
	Ecto analytical reads	Partial	Broad SQL-generation and integration coverage
	Ecto insert/insert_all	Covered	Plain inserts, returning, insert-from-query, common upserts, on_conflict: :nothing, and explicit native append fast path covered
	Ecto mutations and DDL	Partial	Schema update/delete, joined update_all, joined delete_all, rowid-filtered ordered/limited mutations, Repo.explain, transactions, and basic migrator-backed DDL covered where DuckDB SQL allows it

Conformance fixtures
Golden fixtures captured from a real DuckDB 2.0 server cover the handshake, typed errors, prepare and fetch responses, and VARIANT layouts. The older quack-ts chunks remain as decode checks for the pre-2.0 string layout. See fixtures.md for the fixture inventory and malformed fixtures.


  

    Protocol fixtures

QuackDB keeps binary protocol fixtures under test/fixtures/.
DuckDB 2.0 server fixtures
test/fixtures/duckdb_2_0/ holds complete response bodies captured from a real DuckDB 2.0 server, the source of truth for Quack protocol version 3. Regenerate them with:
QUACKDB_TEST_DUCKDB=/path/to/duckdb-2.0 mix run test/fixtures/duckdb_2_0/capture.exs

	Fixture	Covers
	connection_response.bin	Protocol version 3 and the negotiated heartbeat lease
	error_response_catalog.bin	Error message, exception type, and transferable extra info
	prepare_response_scalar.bin	Inline scalar chunks in the DuckDB 2.0 string layout
	prepare_response_nested.bin	Inline LIST, STRUCT, ARRAY, and MAP chunks
	fetch_response_batch.bin	A fetch batch with its chunk blob after the body, including sequence and dictionary vectors
	fetch_response_terminal.bin	The chunk-less terminal response with the batch count
	prepare_response_variant.bin	Unshredded VARIANT scalars, objects, arrays, and NULLs
	prepare_response_shredded_variant.bin	A full shredded VARIANT vector from checkpointed storage, with unshredded leftovers

Tests assert decoded values rather than bytes: DuckDB compresses vectors and orders map entries in ways QuackDB does not reproduce when it re-encodes.
quack-ts decode fixtures
test/fixtures/quack_ts/ holds wrapped DataChunk fixtures generated by the independent quack-ts implementation. They use the pre-2.0 list layout for strings, which DuckDB 2.0 still reads, so they check that QuackDB decodes that layout to the same rows it encodes.
	Fixture	Covers
	data_chunk_scalar.bin	Scalar columns
	data_chunk_nested.bin	Nested columns
	data_chunk_bignum_extra.bin	BIGNUM values
	data_chunk_temporal_extra.bin	Nanosecond and time-zone temporal values and intervals
	data_chunk_spatial_extra.bin	GEOMETRY bytes
	data_chunk_nested_nulls_extra.bin	Null-heavy nested values

Malformed fixtures
Malformed fixtures are intentionally invalid protocol messages used to verify that the decoder rejects corrupt input with a structured QuackDB.Error instead of crashing or silently returning the wrong value.
	Fixture	Expected error	Invariant
	test/fixtures/quackdb_malformed/data_chunk_bignum_bad_size.bin	:invalid_bignum	BIGNUM payload claims a two-byte magnitude but only includes one byte.
	test/fixtures/quackdb_malformed/data_chunk_extra_vector.bin	:data_chunk_type_mismatch	Chunk declares zero logical types but encodes one INTEGER vector.
	test/fixtures/quackdb_malformed/data_chunk_missing_vector.bin	:data_chunk_type_mismatch	Chunk declares one INTEGER logical type but encodes zero vectors.

Every new fixture should document the exact invariant it covers. Avoid arbitrary random corrupt bytes.


  

    Ecto coverage

QuackDB's Ecto adapter covers analytical reads plus common write and setup workflows. DuckDB's SQL surface is larger than Ecto's native AST, so coverage is tracked in three buckets:
	Ecto-native: expressible with normal Ecto.Query, schema, repo, or migration APIs and generated by the adapter.
	Helper/source: expressible through QuackDB.Ecto.Analytics, QuackDB.Ecto.Spatial, Ecto fragment/1, or QuackDB source helpers.
	Raw SQL: DuckDB-native syntax that should be exercised through Repo.query/3 or QuackDB.query/4.

The adapter does not cover all DuckDB features.
Coverage matrix
	Area	Feature	Path	SQL generation	Real server	Status
	Basic reads	select/where/order/limit/offset	Ecto-native	yes	yes	covered
	Schema reads	full schema select / Repo.get!/2	Ecto-native	yes	yes	covered
	Parameters	pinned params and raw params	Ecto-native/raw	yes	yes	covered
	Joins	inner/left/right/full/cross	Ecto-native	yes	yes	covered
	Aggregates	count/sum/avg/min/max/count distinct/coalesce	Ecto-native	yes	yes	covered
	Analytical aggregates	median/quantile/list/string_agg/arg_max/arg_min/mode/weighted_avg/favg/fsum/product/statistics/histograms	Helper	yes	yes	covered
	Aggregate filter	FILTER (WHERE ...)	Ecto-native	yes	yes	covered
	Grouping	group by/having	Ecto-native	yes	yes	covered
	CTEs	non-recursive CTEs	Ecto-native	yes	yes	covered
	Windows	row_number/rank/dense_rank/percent_rank/cume_dist	Ecto-native	yes	partial	partial
	Windows	lag/lead/first_value/last_value/nth_value	Ecto-native/helper	yes	partial	partial
	Windows	fragment-backed frame clauses	Ecto-native/fragment	yes	yes	covered
	Sources	CSV/Parquet helpers	Source helpers	yes	yes	covered
	Sources	JSON/XLSX helpers	Source helpers/raw	partial	partial	partial
	Source analytics	source helper + aggregate/window	Ecto-native/source	yes	partial	partial
	Nested analytics	common LIST/MAP/STRUCT helpers	Helper/fragment/raw	partial	partial	partial
	JSON analytics	json_extract/path queries	Helper/source/raw	yes	yes	partial
	Regular expressions	regexp_extract/matches/replace/split helpers	Helper	yes	yes	covered
	Text helpers	contains/starts_with/split_part/string_split	Helper	yes	yes	covered
	Time series	date_trunc/time_bucket/generate_series	Helper/raw	yes	yes	partial
	Grouping extensions	grouping sets/rollup/cube	Raw SQL helper	yes	yes	partial
	QUALIFY	window filtering	Ecto subquery or raw SQL	yes	yes	partial
	Pivoting	pivot/unpivot	Raw SQL helper	yes	yes	partial
	Sampling	using sample	Raw SQL	no	yes	partial
	Set operations	union/intersect/except	Ecto combinations	yes	yes	covered
	Inserts	Repo.insert/2, Repo.insert_all/3	Ecto-native	yes	yes	covered
	Upserts	DO NOTHING, set, inc, replacement fields	Ecto-native	yes	yes	covered
	Native append	insert_all(..., insert_method: :append)	Adapter option	yes	yes	covered
	Native append	schema types, subset columns/defaults, RETURNING	Adapter option	yes	partial	covered
	Mutations	update_all / delete_all	Ecto-native	yes	yes	covered
	Schema lifecycle	Repo.update/2 / Repo.delete/2	Ecto-native	yes	yes	covered
	Migrations	create/drop/alter table, rename table/column, indexes, references in CREATE TABLE	Ecto migration DDL	yes	yes	covered with DuckDB limits
	Explain	Ecto.Adapters.SQL.explain/4	Ecto SQL	yes	yes	covered
	Full-text search	BM25 ranking and stemming	Ecto helper fragments	yes	yes	covered
	Advanced joins	semi/anti via exists, ASOF-style lateral top-one, positional raw SQL	Ecto-native/raw	yes	yes	partial
	DuckDB select extensions	* EXCLUDE, * REPLACE, * RENAME, pattern stars, COLUMNS(...), *COLUMNS(...)	Raw SQL helper	yes	yes	partial
	Introspection	summarize/describe/pragma	Direct SQL helper/raw	partial	partial	partial

Migration boundaries
Basic migration DDL is generated for table creation/drop, column add/drop/modify, table and column renames, references in CREATE TABLE, primary keys, composite primary keys, and ordinary/unique indexes. Inline CHECK constraints can be added to new tables with QuackDB.DDL.check/1. DuckDB rejects ALTER TABLE ... ADD COLUMN when the added column includes CHECK or REFERENCES constraints, and ALTER TABLE ADD/DROP CONSTRAINT is unsupported. QuackDB does not silently omit those constraints or rebuild tables automatically.
For ADD COLUMN ... null: false, QuackDB emits ADD COLUMN followed by ALTER COLUMN ... SET NOT NULL, because DuckDB does not accept the constraint in the add-column statement. DuckDB can reject the second statement when other tables depend on the altered table; a normal transactional Ecto migration rolls back the change. For new tables, declare constraints inline in the initial CREATE TABLE before creating dependent tables.
DuckDB-incompatible index options such as concurrent indexes, covering indexes, raw index options, index comments, custom USING, and nulls_distinct raise explicit QuackDB errors instead of being ignored.
Advanced constraints and comments should be added only where DuckDB can enforce the same semantics. Until then, prefer QuackDB.DDL.check/1 for supported inline checks or an explicit migration that preserves data, indexes, and dependent objects.
QUALIFY-style filters
Ecto does not have a QUALIFY clause, but the common top-N-per-group pattern is expressible with a subquery:
ranked =
  from event in "events",
    windows: [by_category: [partition_by: event.category, order_by: [desc: event.score]]],
    select: %{
      id: event.id,
      category: event.category,
      rank: over(row_number(), :by_category)
    }

from event in subquery(ranked),
  where: event.rank <= 3,
  order_by: [event.category, event.rank],
  select: %{id: event.id, rank: event.rank}
Use raw SQL when DuckDB-specific QUALIFY syntax is clearer than the Ecto subquery shape.
Advanced join patterns
DuckDB exposes advanced join syntax such as SEMI JOIN, ANTI JOIN, ASOF JOIN, and POSITIONAL JOIN. Ecto's join qualifiers are intentionally narrower, so prefer ordinary Ecto shapes when they preserve the same semantics.
Use exists/1 for semi-join semantics: keep left-side rows when a related row exists, without duplicating the left rows or projecting right-side columns.
from event in "events",
  as: :event,
  where:
    exists(
      from category in "categories",
        where: category.id == parent_as(:event).category_id,
        select: 1
    ),
  select: event.name
Use not exists/1 for anti-join semantics: keep left-side rows when no related row exists.
from event in "events",
  as: :event,
  where:
    not exists(
      from category in "categories",
        where: category.id == parent_as(:event).category_id,
        select: 1
    ),
  select: event.name
Use a lateral top-one subquery for ASOF-style "latest matching row at or before this timestamp" queries. This keeps the query Ecto-shaped while matching the common analytical ASOF use case.
latest_price =
  from price in "prices",
    where:
      price.symbol == parent_as(:trade).symbol and
        price.ts <= parent_as(:trade).ts,
    order_by: [desc: price.ts],
    limit: 1,
    select: %{price: price.price}

from trade in "trades",
  as: :trade,
  left_lateral_join: price in subquery(latest_price),
  on: true,
  select: %{trade_id: trade.id, price: price.price}
Keep POSITIONAL JOIN as raw SQL. It joins by row order rather than relational predicates, so representing it as an Ecto join would be surprising.
Repo.query!("""
SELECT *
FROM read_csv('ids.csv')
POSITIONAL JOIN read_csv('labels.csv')
""")
DuckDB star and columns expressions
DuckDB's star expression extensions are useful for exploratory analytics and wide tables, but they do not always fit Ecto's ordinary select result loading. Use QuackDB.SQL expression helpers when the query is clearer as DuckDB SQL.
star = QuackDB.SQL.star(exclude: [:payload, :debug])

Repo.query!([
  "SELECT ",
  star,
  " FROM events"
])
QuackDB.Ecto.Star also exposes star/1, columns/1,2, and unpack_columns/1,2 macros for Ecto SQL generation. These macros are imported by use QuackDB.Ecto.
use QuackDB.Ecto

from event in "events",
  where: columns([:score]) > 0,
  select: event.id
star/1 supports table-qualified stars, exclusion, replacement, rename, and one pattern filter.
QuackDB.SQL.star(
  qualifier: :events,
  replace: [score: {:expr, "coalesce(score, 0)"}],
  rename: [old_name: :name]
)

QuackDB.SQL.star(like: "metric_%")
Use columns/1,2 for DuckDB COLUMNS(...) expressions and unpack_columns/1,2 for *COLUMNS(...). Literal and pinned atom lists match Ecto's map/2 and struct/2 field-list style. Pinned selectors are supported where DuckDB accepts parameterized COLUMNS(?) selectors.
fields = [:score, :temperature]

from event in "events",
  where: columns(^fields) > 0,
  select: event.id

Repo.query!([
  "SELECT min(",
  QuackDB.SQL.columns(exclude: [:payload]),
  ") FROM events"
])

Repo.query!([
  "SELECT ",
  QuackDB.SQL.unpack_columns("^metric_"),
  " FROM events"
])
Replacement expressions are explicit {:expr, sql} values because they are DuckDB SQL snippets. Prefer ordinary Ecto selects when the selected columns are known and not using DuckDB star syntax.
DuckDB can expand one star or COLUMNS(...) expression into multiple result columns. That is safe for raw Repo.query!/2, Ecto.Adapters.SQL.to_sql/3, and predicates that keep the outer select shape normal. Be careful with ordinary Repo.all/2 select lists that use expanding star expressions, because Ecto's result loader expects the selected Ecto expression shape to match the returned columns. Dynamic pinned selectors are supported for columns(^fields) and unpack_columns(^fields), but not for star options such as exclude: ^fields because DuckDB requires those names directly in the star syntax.
Query style
Prefer ordinary Ecto syntax when it maps cleanly to DuckDB SQL:
	comparisons and boolean logic with Elixir/Ecto operators;
	conditional aggregates with filter(count(...), predicate) instead of adapter-specific *_if helpers;
	selected_as/2 for grouped aliases;
	type/2 for JSON/text casts.

Use QuackDB.Ecto.Analytics for DuckDB analytical functions that are established SQL vocabulary, such as median/1, quantile_cont/2, list/1,2, weighted_avg/2, fsum/1, time_bucket/2,3, JSON path helpers, and query-level profiling with summarize/3 or summarize!/3.
Use QuackDB.Ecto.Regex for DuckDB's regexp_* expression functions. DuckDB uses RE2 while Elixir Regex uses Erlang/OTP :re, so literal ~r/.../ patterns are convenient only for the shared syntax subset. QuackDB translates compatible ~r modifiers (i, m, and s) into DuckDB option strings, ignores Elixir's Unicode modifier, and rejects modifiers DuckDB cannot represent.
Use QuackDB.Ecto.Text for common text predicates and splitting functions (contains/2, starts_with/2, ends_with/2, split_part/3, string_split/2) when they read better than fragments. With use QuackDB.Ecto, shared contains/2 routes obvious text calls to DuckDB contains and spatial helper expressions to ST_Contains; ambiguous calls raise so use contains_text/2 or st_contains/2 when you want to be explicit.
Use QuackDB.Ecto.List for common LIST/ARRAY operations such as contains_list/2, has_any/2, has_all/2, list_length/1, extract/2, slice/3,4, sort/1, distinct/1, unique/1, position/2, intersect_list/2, concat/2, list_filter/2, list_transform/2, list_reduce/2,3, and unnest/1. Names follow DuckDB concepts where they do not conflict with Ecto or Kernel imports; list_length/1 and intersect_list/2 are explicit to avoid those conflicts. Lambda helpers translate a constrained Elixir fn subset to DuckDB's Python-style lambda x : ... syntax and raise at macro expansion for unsupported expressions. Use case_when do ... end inside lambdas for multi-branch CASE WHEN expressions.
Use QuackDB.Ecto.Map and QuackDB.Ecto.Struct for common MAP/STRUCT operations. Focused imports expose natural helper names such as contains/2, extract/2, values/1, and concat/2. Broad use QuackDB.Ecto imports exclude those ambiguous names and expose explicit aliases such as contains_map/2, map_extract_value/2, map_keys/1, contains_struct/2, struct_extract/2, and struct_values/1.
Keep raw SQL for syntax Ecto cannot represent well, including PIVOT, UNPIVOT, QUALIFY, GROUPING SETS, ROLLUP, and CUBE. Window frames should use fragment(...) until QuackDB depends on an Ecto release that includes macro-expanded frame helper support.
QuackDB.SQL provides small builders for DuckDB statement/clause syntax that is clearer as SQL-builder composition than as Ecto AST.
Repo.query!(QuackDB.SQL.pivot(:events,
  on: :kind,
  using: [sum: :n]
))

Repo.query!(QuackDB.SQL.unpivot(:wide_events,
  on: [:duck, :goose],
  name: :kind,
  value: :n
))
Grouping extensions keep identifier quoting centralized and can be composed into larger query builders or setup statements.
QuackDB.SQL.grouping_sets([[:category, :kind], [:category], []])
QuackDB.SQL.rollup([:category, :kind])
QuackDB.SQL.cube([:category, :kind])
Use explicit {:expr, sql} only when the expression cannot be represented by identifiers or aggregate tuples.
Boundaries
QuackDB should not try to reimplement all DuckDB syntax as Ecto macros. For DuckDB-specific syntax that Ecto cannot represent cleanly, prefer:
	raw SQL through Repo.query/3 or QuackDB.query/4;
	QuackDB.Ecto.Analytics for common DuckDB analytical expressions;
	QuackDB.Ecto.Spatial for common spatial expressions;
	source helpers for table functions such as CSV/Parquet/JSON;
	fragment/1 for expressions inside otherwise-normal Ecto queries;
	explicit unsupported errors for Ecto AST shapes that would generate misleading SQL.



  

    
Ecto.Adapters.QuackDB 
    



      
Minimal Ecto SQL adapter for QuackDB.
Ecto SQL adapter for DuckDB over QuackDB. Supports raw SQL, analytical query
generation, insert paths, common mutations, and basic migration DDL.
Configuration
config :my_app, MyApp.AnalyticsRepo,
  adapter: Ecto.Adapters.QuackDB,
  uri: "http://[::1]:9494",
  token: "super_secret"
Non-finite floats
FLOAT and DOUBLE values that are infinite or NaN decode to :infinity,
:neg_infinity, and :nan, as Explorer spells them. Ecto's :float type
rejects atoms, so a schema field holding one raises on load, the same
contract Postgrex has with :inf and :NaN; Repo.query/2 returns the
atoms as they are. See the "Non-finite floats" section of the type support
guide for a custom type that carries them through a schema.
Migrations
DuckDB adds a null: false column in two statements, and the second
cannot run in the transaction that ran the first. A migration that adds a
NOT NULL column sets @disable_ddl_transaction true; inside the DDL
transaction the adapter refuses it with an :ecto_feature_not_supported
error instead of letting DuckDB fail.

      




  

    
Ecto.Adapters.QuackDB.Connection 
    



      
Ecto SQL connection callbacks backed by the QuackDB DBConnection driver.
This module implements the raw query path used by
Ecto.Adapters.SQL.query/4 and Repo.query/3, plus read-oriented Ecto
query generation for analytical DuckDB queries. Unsupported query features
raise explicit errors instead of emitting partial SQL.
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        insert(prefix, table, header, rows, on_conflict, returning, placeholders, options)

      


    





      


      
        Functions


        


  
    
      
    
    
      insert(prefix, table, header, rows, on_conflict, returning, placeholders, options)



        
          
        

    

  


  


  


        

      


  

    
Ecto.Adapters.QuackDB.Query 
    



      
Read-oriented Ecto query SQL generation for QuackDB.
This module turns supported Ecto.Query ASTs into DuckDB SQL iodata.
Unsupported analytical shapes raise explicit QuackDB.Error values so the
adapter does not emit misleading SQL.
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    Functions
  


    
      
        all(query)

      


    


    
      
        all_literal(query)

      


    


    
      
        delete_all(query)

      


    


    
      
        update_all(query)

      


    





      


      
        Functions


        


  
    
      
    
    
      all(query)



        
          
        

    

  


  

      

          @spec all(Ecto.Query.t()) :: iodata()


      



  



  
    
      
    
    
      all_literal(query)



        
          
        

    

  


  

      

          @spec all_literal(Ecto.Query.t()) :: iodata()


      



  



  
    
      
    
    
      delete_all(query)



        
          
        

    

  


  

      

          @spec delete_all(Ecto.Query.t()) :: iodata()


      



  



  
    
      
    
    
      update_all(query)



        
          
        

    

  


  

      

          @spec update_all(Ecto.Query.t()) :: iodata()


      



  


        

      


  

    
QuackDB 
    



      
DuckDB for Elixir applications: the DBConnection client.
Queries, streams, transactions, and native appends over DuckDB's Quack
protocol (version 3, served by DuckDB 2.0). QuackDB.Server supervises a
local DuckDB process, and Ecto.Adapters.QuackDB puts Ecto on top of this
client.
Connection options
	:uri and :token locate and authenticate the Quack server.
	:heartbeat_timeout is the connection lease in seconds the client asks
for (default 60). The server drops a connection that sends no request
for that long, so each connection sends a heartbeat every third of the
lease over a separate HTTP connection. Long queries, slow streams, and
long transactions keep their connection. A connection whose lease
expires anyway reconnects.
	:client_id identifies this client in the server's logs.
	:acknowledge_results confirms every fully received result, so a
server with quack_enable_reconnects drops its cached copy right away
instead of waiting for quack_result_ttl.
	:fetch_retries is how often a result batch is requested again after
its HTTP connection broke (default 1). Batches are numbered, so a
retry never skips or repeats rows.
	:copy_binaries copies decoded strings and blobs off the HTTP response
(default false); it can also be passed per query. Without it, a
decoded string of 64 bytes or more is a slice of the response it
arrived in, so keeping it keeps the whole response, up to one result
batch, in memory. Copying about doubles decode time for string columns
and costs nothing for other columns. Use it when you keep a few values
from large results, for example in a cache or a long-lived process.
	:connect_timeout, :receive_timeout, :shutdown_timeout, and
:mint_options tune the HTTP transport.

Query options include :inline_rows, the number of rows the server may
return with the first response before the rest is fetched in batches.

      


      
        Summary


  
    Types
  


    
      
        append_type()

      


        Native append column type specs.



    


    
      
        insert_column()

      


    


    
      
        insert_row()

      


    


    
      
        start_option()

      


    





  
    Functions
  


    
      
        cancel(uri, connection_id, options \\ [])

      


        Interrupts the query running on the remote connection connection_id.



    


    
      
        child_spec(options)

      


    


    
      
        column_batches(connection, statement, params \\ [], options \\ [])

      


        Streams query results as column-oriented batches.



    


    
      
        columnar(connection, statement, params \\ [], options \\ [])

      


        Runs a query and returns a QuackDB.Columns struct.



    


    
      
        columnar!(connection, statement, params \\ [], options \\ [])

      


    


    
      
        columnar_batches(connection, statement, params \\ [], options \\ [])

      


        Streams query results as QuackDB.Columns batches.



    


    
      
        columns(connection, statement, params \\ [], options \\ [])

      


        Runs a query and returns its result as a column-oriented map.



    


    
      
        columns!(connection, statement, params \\ [], options \\ [])

      


    


    
      
        insert_columns(connection, table, columns, options \\ [])

      


        Appends column-oriented values to a DuckDB table by streaming binary vectors into an INSERT.



    


    
      
        insert_columns!(connection, table, columns, options \\ [])

      


    


    
      
        insert_rows(connection, table, rows, options \\ [])

      


        Appends row-oriented values to a DuckDB table by streaming binary vectors into an INSERT.



    


    
      
        insert_rows!(connection, table, rows, options \\ [])

      


    


    
      
        insert_stream(connection, table, rows, options \\ [])

      


        Appends an enumerable of row maps/keywords in batches through native append.



    


    
      
        insert_stream!(connection, table, rows, options \\ [])

      


    


    
      
        insert_table(connection, table, tabular, options \\ [])

      


        Appends any Table.Reader compatible tabular data through native append.



    


    
      
        insert_table!(connection, table, tabular, options \\ [])

      


    


    
      
        maps(connection, statement, params \\ [], options \\ [])

      


    


    
      
        ping(connection, options \\ [])

      


    


    
      
        prepare(connection, statement, options \\ [])

      


    


    
      
        prepare_execute(connection, statement, params \\ [], options \\ [])

      


    


    
      
        query(connection, statement, params \\ [], options \\ [])

      


    


    
      
        query!(connection, statement, params \\ [], options \\ [])

      


    


    
      
        rows(connection, statement, params \\ [], options \\ [])

      


    


    
      
        start_link(options)

      


    


    
      
        stream(connection, statement, params \\ [], options \\ [])

      


    





      


      
        Types


        


  
    
      
    
    
      append_type()



        
          
        

    

  


  

      

          @type append_type() :: QuackDB.Type.spec()


      


Native append column type specs.

  



  
    
      
    
    
      insert_column()



        
          
        

    

  


  

      

          @type insert_column() :: {atom() | String.t(), [term()]}


      



  



  
    
      
    
    
      insert_row()



        
          
        

    

  


  

      

          @type insert_row() :: map() | Keyword.t()


      



  



  
    
      
    
    
      start_option()



        
          
        

    

  


  

      

          @type start_option() ::
  {:uri, String.t()}
  | {:token, String.t()}
  | {:name, GenServer.name()}
  | {:connect_timeout, timeout()}
  | {:receive_timeout, timeout()}
  | {:shutdown_timeout, timeout()}
  | {:mint_options, keyword()}
  | {:heartbeat_timeout, pos_integer()}
  | {:client_id, String.t()}
  | {:acknowledge_results, boolean()}
  | {:fetch_retries, non_neg_integer()}
  | {:copy_binaries, boolean()}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      cancel(uri, connection_id, options \\ [])



        
          
        

    

  


  

      

          @spec cancel(String.t() | URI.t(), String.t(), Keyword.t()) ::
  :ok | {:error, Exception.t()}


      


Interrupts the query running on the remote connection connection_id.
Run it from another process than the one waiting on the query. The
connection id appears in every QuackDB.Result, QuackDB.Error, and
[:quackdb, :query, :start] telemetry event, including those of Ecto
queries, and a query interrupted this way fails with a :query_cancelled
error:
:telemetry.attach("report-connection", [:quackdb, :query, :start], fn _event, _measurements, metadata, parent ->
  send(parent, {:running, metadata.connection_id})
end, self())

task = Task.async(fn -> MyApp.AnalyticsRepo.all(yearly_report) end)

receive do
  {:running, connection_id} -> QuackDB.cancel("http://[::1]:9494", connection_id)
end

Task.await(task)
#=> ** (QuackDB.Error) Interrupted: query was cancelled
Pass query_uuid: uuid to cancel only that query. Transport timeouts and
disconnects already cancel their query on the server.

  



  
    
      
    
    
      child_spec(options)



        
          
        

    

  


  

      

          @spec child_spec([start_option()]) :: Supervisor.child_spec()


      



  



    

    

  
    
      
    
    
      column_batches(connection, statement, params \\ [], options \\ [])



        
          
        

    

  


  

      

          @spec column_batches(DBConnection.conn(), iodata(), [term()], Keyword.t()) ::
  Enumerable.t()


      


Streams query results as column-oriented batches.
Each item is a map from disambiguated column names to the values in that fetch
batch. This keeps large analytical results vector-shaped without materializing
the whole result set. Prefer columnar_batches/4 when you also need batch
metadata.

  



    

    

  
    
      
    
    
      columnar(connection, statement, params \\ [], options \\ [])



        
          
        

    

  


  

      

          @spec columnar(DBConnection.conn(), iodata(), [term()], Keyword.t()) ::
  {:ok, QuackDB.Columns.t()} | {:error, Exception.t()}


      


Runs a query and returns a QuackDB.Columns struct.
This preserves column order, original names, row count, and result metadata in
addition to the column vectors.

  



    

    

  
    
      
    
    
      columnar!(connection, statement, params \\ [], options \\ [])



        
          
        

    

  


  

      

          @spec columnar!(DBConnection.conn(), iodata(), [term()], Keyword.t()) ::
  QuackDB.Columns.t()


      



  



    

    

  
    
      
    
    
      columnar_batches(connection, statement, params \\ [], options \\ [])



        
          
        

    

  


  

      

          @spec columnar_batches(DBConnection.conn(), iodata(), [term()], Keyword.t()) ::
  Enumerable.t()


      


Streams query results as QuackDB.Columns batches.
This uses a columnar cursor path so large analytical results can stay
vector-shaped instead of being materialized as row lists first.

  



    

    

  
    
      
    
    
      columns(connection, statement, params \\ [], options \\ [])



        
          
        

    

  


  

      

          @spec columns(DBConnection.conn(), iodata(), [term()], Keyword.t()) ::
  {:ok, %{required(String.t()) => [term()]}} | {:error, Exception.t()}


      


Runs a query and returns its result as a column-oriented map.
Duplicate column names are disambiguated with suffixes such as _2 and _3.
Prefer columnar/4 when you also need column order and result metadata.

  



    

    

  
    
      
    
    
      columns!(connection, statement, params \\ [], options \\ [])



        
          
        

    

  


  

      

          @spec columns!(DBConnection.conn(), iodata(), [term()], Keyword.t()) :: %{
  required(String.t()) => [term()]
}


      



  



    

  
    
      
    
    
      insert_columns(connection, table, columns, options \\ [])



        
          
        

    

  


  

      

          @spec insert_columns(
  DBConnection.conn(),
  String.t() | atom(),
  [insert_column()],
  Keyword.t()
) ::
  {:ok, QuackDB.Result.t()} | {:error, Exception.t()}


      


Appends column-oriented values to a DuckDB table by streaming binary vectors into an INSERT.
Column values are provided as {name, values} pairs. All columns must have the
same row count. Pass :columns with type specs when values are empty, contain
only nils, or need a specific nested DuckDB type. Explicit MAP columns accept
ordinary Elixir maps and DuckDB-style key/value entries.

  



    

  
    
      
    
    
      insert_columns!(connection, table, columns, options \\ [])



        
          
        

    

  


  

      

          @spec insert_columns!(
  DBConnection.conn(),
  String.t() | atom(),
  [insert_column()],
  Keyword.t()
) ::
  QuackDB.Result.t()


      



  



    

  
    
      
    
    
      insert_rows(connection, table, rows, options \\ [])



        
          
        

    

  


  

      

          @spec insert_rows(
  DBConnection.conn(),
  String.t() | atom(),
  [insert_row()],
  Keyword.t()
) ::
  {:ok, QuackDB.Result.t()} | {:error, Exception.t()}


      


Appends row-oriented values to a DuckDB table by streaming binary vectors into an INSERT.
Rows are maps or keywords. Without :columns, every row's keys name the
columns and every value takes part in a column's type: integers widen to
BIGINT or HUGEINT, integers and floats make DOUBLE, decimals and
integers make one DECIMAL, and maps make a STRUCT of all their keys. Any
other mix, such as integers and strings, fails with :mixed_append_types
instead of truncating or dropping values. Pass :columns with type specs when
values are empty, contain only nils, mix shapes (:variant keeps them), or
need a specific DuckDB type.
Plain Elixir maps infer as DuckDB STRUCT values. For explicit
{:map, key_type, value_type} columns, ordinary Elixir maps are encoded as
DuckDB MAP values:
QuackDB.insert_rows!(conn, "events", [[labels: %{env: "prod"}]],
  columns: [labels: {:map, :varchar, :varchar}]
)
DuckDB-style key/value entries are also accepted for explicit MAP columns:
QuackDB.insert_rows!(conn, "events", [[labels: [%{key: "env", value: "prod"}]]],
  columns: [labels: {:map, :varchar, :varchar}]
)
Duplicate MAP keys decode with the later entry winning, matching Map.put/3.
Keys and values are encoded through the declared DuckDB key/value types; for
example, atom keys in {:map, :varchar, :varchar} columns become strings.
Declare VARIANT columns as :variant, so each value keeps its own shape,
and JSON columns as :json.
Options:
	:columns - [{name, type}] column types, also naming the inserted
columns. Omitted table columns get their defaults.
	:schema - the table's schema, or a nested schema path as a list.
	:batch_size - rows per request; requests carry vectors of at most
2048 rows.
	:on_conflict - :raise (default), :nothing, or {:nothing, targets}.
	:returning - columns to return; the result then carries those rows.


  



    

  
    
      
    
    
      insert_rows!(connection, table, rows, options \\ [])



        
          
        

    

  


  

      

          @spec insert_rows!(
  DBConnection.conn(),
  String.t() | atom(),
  [insert_row()],
  Keyword.t()
) ::
  QuackDB.Result.t()


      



  



    

  
    
      
    
    
      insert_stream(connection, table, rows, options \\ [])



        
          
        

    

  


  

      

          @spec insert_stream(
  DBConnection.conn(),
  String.t() | atom(),
  Enumerable.t(),
  Keyword.t()
) ::
  {:ok, QuackDB.Result.t()} | {:error, Exception.t()}


      


Appends an enumerable of row maps/keywords in batches through native append.

  



    

  
    
      
    
    
      insert_stream!(connection, table, rows, options \\ [])



        
          
        

    

  


  

      

          @spec insert_stream!(
  DBConnection.conn(),
  String.t() | atom(),
  Enumerable.t(),
  Keyword.t()
) ::
  QuackDB.Result.t() | nil


      



  



    

  
    
      
    
    
      insert_table(connection, table, tabular, options \\ [])



        
          
        

    

  


  

Appends any Table.Reader compatible tabular data through native append.

  



    

  
    
      
    
    
      insert_table!(connection, table, tabular, options \\ [])



        
          
        

    

  


  


  



    

    

  
    
      
    
    
      maps(connection, statement, params \\ [], options \\ [])



        
          
        

    

  


  

      

          @spec maps(DBConnection.conn(), iodata(), [term()], Keyword.t()) :: Enumerable.t()


      



  



    

  
    
      
    
    
      ping(connection, options \\ [])



        
          
        

    

  


  

      

          @spec ping(DBConnection.conn(), Keyword.t()) :: :ok | {:error, Exception.t()}


      



  



    

  
    
      
    
    
      prepare(connection, statement, options \\ [])



        
          
        

    

  


  

      

          @spec prepare(DBConnection.conn(), iodata(), Keyword.t()) ::
  {:ok, QuackDB.Query.t()} | {:error, Exception.t()}


      



  



    

    

  
    
      
    
    
      prepare_execute(connection, statement, params \\ [], options \\ [])



        
          
        

    

  


  

      

          @spec prepare_execute(DBConnection.conn(), iodata(), [term()], Keyword.t()) ::
  {:ok, QuackDB.Query.t(), QuackDB.Result.t()} | {:error, Exception.t()}


      



  



    

    

  
    
      
    
    
      query(connection, statement, params \\ [], options \\ [])



        
          
        

    

  


  

      

          @spec query(DBConnection.conn(), iodata(), [term()], Keyword.t()) ::
  {:ok, QuackDB.Result.t()} | {:error, Exception.t()}


      



  



    

    

  
    
      
    
    
      query!(connection, statement, params \\ [], options \\ [])



        
          
        

    

  


  

      

          @spec query!(DBConnection.conn(), iodata(), [term()], Keyword.t()) ::
  QuackDB.Result.t()


      



  



    

    

  
    
      
    
    
      rows(connection, statement, params \\ [], options \\ [])



        
          
        

    

  


  

      

          @spec rows(DBConnection.conn(), iodata(), [term()], Keyword.t()) :: Enumerable.t()


      



  



  
    
      
    
    
      start_link(options)



        
          
        

    

  


  

      

          @spec start_link([start_option()]) :: GenServer.on_start()


      



  



    

    

  
    
      
    
    
      stream(connection, statement, params \\ [], options \\ [])



        
          
        

    

  


  

      

          @spec stream(DBConnection.conn(), iodata(), [term()], Keyword.t()) ::
  QuackDB.Stream.t()


      



  


        

      


  

    
QuackDB.Analytics 
    



      
Direct SQL helpers for DuckDB analytical statements.

      


      
        Summary


  
    Functions
  


    
      
        summarize(source)

      


        Builds a DuckDB SUMMARIZE profiling query for a table, source, or {:query, sql} tuple.
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      summarize(source)



        
          
        

    

  


  

      

          @spec summarize(String.t() | atom() | {:query, iodata()}) :: iodata()


      


Builds a DuckDB SUMMARIZE profiling query for a table, source, or {:query, sql} tuple.

  


        

      


  

    
QuackDB.Binary 
    



      
Downloads and locates a DuckDB executable for local QuackDB.Server usage.
This is an explicit helper: QuackDB will not download executables unless you
call install/1, install!/1, path/1, run the install Mix task, or start
QuackDB.Server with duckdb: :managed.
Set QUACKDB_BINARY_PATH to force a system or custom executable. Set
QUACKDB_BINARY_CACHE_DIR or pass :cache_dir to choose where managed
downloads are stored.
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        option()

      


    





  
    Functions
  


    
      
        default_version()

      


        Returns QuackDB's pinned DuckDB CLI version for managed downloads.



    


    
      
        install(options \\ [])

      


        Downloads DuckDB CLI for the current OS/architecture unless already cached.



    


    
      
        install!(options \\ [])

      


        Like install/1, but raises on failure.



    


    
      
        known_targets()

      


        Returns known {version, target} checksum pairs for managed downloads.



    


    
      
        path(options \\ [])

      


        Returns a path to a usable DuckDB binary, downloading it when needed.



    


    
      
        path!(options \\ [])

      


        Like path/1, but raises on failure.
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      option()



        
          
        

    

  


  

      

          @type option() ::
  {:path, Path.t()}
  | {:version, String.t()}
  | {:target, String.t()}
  | {:base_url, String.t()}
  | {:cache_dir, Path.t()}
  | {:sha256, String.t()}
  | {:force, boolean()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      default_version()



        
          
        

    

  


  

      

          @spec default_version() :: String.t()


      


Returns QuackDB's pinned DuckDB CLI version for managed downloads.

  



    

  
    
      
    
    
      install(options \\ [])



        
          
        

    

  


  

      

          @spec install([option()]) :: {:ok, Path.t()} | {:error, QuackDB.Error.t()}


      


Downloads DuckDB CLI for the current OS/architecture unless already cached.

  



    

  
    
      
    
    
      install!(options \\ [])



        
          
        

    

  


  

      

          @spec install!([option()]) :: Path.t()


      


Like install/1, but raises on failure.

  



  
    
      
    
    
      known_targets()



        
          
        

    

  


  

      

          @spec known_targets() :: [{String.t(), String.t()}]


      


Returns known {version, target} checksum pairs for managed downloads.

  



    

  
    
      
    
    
      path(options \\ [])



        
          
        

    

  


  

      

          @spec path([option()]) :: {:ok, Path.t()} | {:error, QuackDB.Error.t()}


      


Returns a path to a usable DuckDB binary, downloading it when needed.

  



    

  
    
      
    
    
      path!(options \\ [])



        
          
        

    

  


  

      

          @spec path!([option()]) :: Path.t()


      


Like path/1, but raises on failure.

  


        

      


  

    
QuackDB.Columns 
    



      
Column-oriented query result.
This struct preserves column order and result metadata while exposing vectors in
a map keyed by disambiguated column names. It is intended for analytical
workflows and as a stable bridge toward future Arrow/columnar integrations.
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    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        fetch(columns, name)

      


        Returns a column vector by disambiguated name.



    


    
      
        get(columns, name, default \\ nil)

      


        Returns a column vector by disambiguated name, or default when absent.



    


    
      
        get_and_update(columns, key, function)

      


        Raises because column result structs are read-only.



    


    
      
        pop(columns, key)

      


        Raises because column result structs are read-only.



    


    
      
        to_maps(columns)

      


        Converts column vectors to row maps keyed by disambiguated column names.



    


    
      
        to_rows(columns)

      


        Converts column vectors back to row lists.
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      t()



        
          
        

    

  


  

      

          @type t() :: %QuackDB.Columns{
  columns: %{required(String.t()) => [term()]},
  command: QuackDB.Result.command() | nil,
  connection_id: String.t() | nil,
  messages: [map()] | nil,
  metadata: map(),
  names: [String.t()],
  num_rows: non_neg_integer(),
  original_names: [String.t()]
}
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          @spec fetch(t(), String.t()) :: {:ok, [term()]} | :error


      


Returns a column vector by disambiguated name.

  



    

  
    
      
    
    
      get(columns, name, default \\ nil)



        
          
        

    

  


  

      

          @spec get(t(), String.t(), term()) :: [term()] | term()


      


Returns a column vector by disambiguated name, or default when absent.

  



  
    
      
    
    
      get_and_update(columns, key, function)



        
          
        

    

  


  

Raises because column result structs are read-only.

  



  
    
      
    
    
      pop(columns, key)



        
          
        

    

  


  

Raises because column result structs are read-only.

  



  
    
      
    
    
      to_maps(columns)



        
          
        

    

  


  

      

          @spec to_maps(t()) :: [%{required(String.t()) => term()}]


      


Converts column vectors to row maps keyed by disambiguated column names.

  



  
    
      
    
    
      to_rows(columns)



        
          
        

    

  


  

      

          @spec to_rows(t()) :: [[term()]]


      


Converts column vectors back to row lists.

  


        

      


  

    
QuackDB.Cursor 
    



      
Cursor metadata used by DBConnection streaming.
A cursor tracks the remote Quack result UUID plus column/type metadata needed
to fetch and materialize subsequent result chunks.

      




  

    
QuackDB.DDL 
    



      
Small DuckDB DDL SQL builders.
These helpers return SQL iodata for common analytical setup tasks such as
temporary tables in tests or notebooks. They are not an Ecto migration layer;
execute the generated SQL with QuackDB.query/4 or Repo.query/3.
QuackDB.DDL.create_table("events",
  [
    id: :integer,
    name: :varchar,
    payload: :json,
    occurred_at: :timestamp
  ],
  temporary: true,
  if_not_exists: true
)

      


      
        Summary


  
    Types
  


    
      
        column()

      


    


    
      
        column_type()

      


    


    
      
        create_table_option()

      


    





  
    Functions
  


    
      
        attach(path, name, options \\ [])

      


        Builds an ATTACH statement that attaches path as the database name.



    


    
      
        check(expression)

      


        Builds one inline CHECK constraint from an expression.



    


    
      
        create_schema(name, options \\ [])

      


        Builds a CREATE SCHEMA statement.



    


    
      
        create_sequence(name, options \\ [])

      


        Builds a standalone CREATE SEQUENCE statement.



    


    
      
        create_table(schema)

      


        Builds a CREATE TABLE statement from an Ecto schema module.



    


    
      
        create_table(schema, check)

      


    


    
      
        create_table(name, schema_or_columns, options \\ [])

      


        Builds a CREATE TABLE statement.



    


    
      
        create_trigger(name, table, statement, options)

      


        Builds a DuckDB 2.0 CREATE TRIGGER statement that runs statement, a SQL
statement such as an INSERT or UPDATE, when event changes table.



    


    
      
        detach(name, options \\ [])

      


        Builds a DETACH statement. Supports if_exists: true.



    


    
      
        drop_schema(name, options \\ [])

      


        Builds a DROP SCHEMA statement. Supports if_exists: true and cascade: true.



    


    
      
        drop_sequence(name, options \\ [])

      


        Builds a DROP SEQUENCE statement, optionally with if_exists: true.



    


    
      
        drop_table(name, options \\ [])

      


        Builds a DROP TABLE statement.



    


    
      
        drop_trigger(name, table, options \\ [])

      


        Builds a DROP TRIGGER name ON table statement, optionally with if_exists: true.



    





      


      
        Types


        


  
    
      
    
    
      column()



        
          
        

    

  


  

      

          @type column() ::
  {atom() | String.t(), column_type() | keyword()}
  | {atom() | String.t(), column_type(), keyword()}


      



  



  
    
      
    
    
      column_type()



        
          
        

    

  


  

      

          @type column_type() :: QuackDB.Type.spec()


      



  



  
    
      
    
    
      create_table_option()



        
          
        

    

  


  

      

          @type create_table_option() ::
  {:temporary, boolean()}
  | {:if_not_exists, boolean()}
  | {:or_replace, boolean()}
  | {:as, iodata()}
  | QuackDB.DDL.Check.t()


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      attach(path, name, options \\ [])



        
          
        

    

  


  

      

          @spec attach(String.t(), atom() | String.t(), keyword()) :: iodata()


      


Builds an ATTACH statement that attaches path as the database name.
Options become DuckDB attach options, such as :type, :read_only, or a
DuckLake :data_path. Atoms are written as keywords, other values as
literals:
alias QuackDB.DDL

DDL.attach("ducklake:metadata.ducklake", :lake, data_path: "s3://bucket/lake/")
DDL.attach("s3://bucket/events", :events, type: :delta)
DDL.attach("s3://bucket/events", :events_v5, type: :delta, version: 5)
Supports if_not_exists: true.

  



  
    
      
    
    
      check(expression)


        (macro)


        
          
        

    

  


  

Builds one inline CHECK constraint from an expression.
Bare identifiers refer to columns. Pin runtime values with ^; use
field("column name") or field(^name) for other column names. Supports
comparisons (==, !=, >, >=, <, <=), and, or, not, and
is_nil/1. Arithmetic, arbitrary function calls, and raw SQL are rejected.
import QuackDB.DDL, only: [create_table: 3, check: 1]

maximum = 100
create_table(:events, [score: :integer],
  check(score >= 0 and score < ^maximum)
)
Return values are composable: pass a single check or a list of checks as
create_table/3's third argument. Table options can follow checks in that list:
[check(score >= 0), temporary: true].

  



    

  
    
      
    
    
      create_schema(name, options \\ [])



        
          
        

    

  


  

      

          @spec create_schema(
  QuackDB.SQL.Fragment.schema(),
  keyword()
) :: iodata()


      


Builds a CREATE SCHEMA statement.
A list names a nested schema, which DuckDB 2.0 creates inside its parent.
In an Ecto migration:
alias QuackDB.DDL

def up do
  execute DDL.create_schema(:finance)
  execute DDL.create_schema([:finance, :reports])
  execute DDL.create_table({[:finance, :reports], :ledger}, id: :integer)
end
Supports if_not_exists: true.

  



    

  
    
      
    
    
      create_sequence(name, options \\ [])



        
          
        

    

  


  

      

          @spec create_sequence(
  QuackDB.SQL.Fragment.table(),
  keyword()
) :: iodata()


      


Builds a standalone CREATE SEQUENCE statement.
Names may be atoms, strings, or {prefix, name} tuples. Supported options are
:start (integer), :increment (nonzero integer), and :if_not_exists (boolean).
Other options raise rather than being silently ignored. Sequences can have
gaps; do not use them when a gapless transactional counter is required.
alias QuackDB.{DDL, Sequence}

QuackDB.query!(conn, DDL.create_sequence(:task_keys, start: 1))
Sequence.next_values(conn, :task_keys, 3)
#=> [1, 2, 3]

  



  
    
      
    
    
      create_table(schema)



        
          
        

    

  


  

      

          @spec create_table(module()) :: iodata()


      


Builds a CREATE TABLE statement from an Ecto schema module.

  



  
    
      
    
    
      create_table(schema, check)



        
          
        

    

  


  

      

          @spec create_table(
  module() | String.t() | atom(),
  QuackDB.DDL.Check.t() | [create_table_option()] | [column()]
) :: iodata()


      



  



  
    
      
    
    
      create_table(name, schema_or_columns, options \\ [])



        
          
        

    

  


  

      

          @spec create_table(
  String.t() | atom(),
  module() | [column()],
  QuackDB.DDL.Check.t() | [create_table_option()]
) :: iodata()


      


Builds a CREATE TABLE statement.
QuackDB.DDL.create_table("events", id: :integer, name: :varchar)
QuackDB.DDL.create_table("events", [id: :integer], temporary: true)
QuackDB.DDL.create_table("temp_events", EventSchema, temporary: true)
Pass a single check/1 value or a list for inline constraints:
import QuackDB.DDL, only: [create_table: 3, check: 1]

create_table(:events, [{:score, :integer, null: false}],
  [check(score >= 0), check(score < 100)]
)
Checks also work with schema-derived columns. Column names are quoted and
values use the SQL literal codec, not raw predicate strings. CHECK permits
NULL when its expression is unknown; use null: false to require a value.
Checks cannot be combined with :as. DuckDB does not preserve supplied CHECK
names reliably, so this API does not name checks or promise Ecto changeset
constraint mapping. ALTER ADD/DROP CONSTRAINT remains unsupported.
Pass :as to build CREATE TABLE AS from iodata or an Ecto query without pinned params:
QuackDB.DDL.create_table("docs", as: query, temporary: true)
QuackDB.DDL.create_table("docs", as: query, or_replace: true)

  



  
    
      
    
    
      create_trigger(name, table, statement, options)



        
          
        

    

  


  

      

          @spec create_trigger(
  QuackDB.SQL.Fragment.identifier_name(),
  QuackDB.SQL.Fragment.table(),
  iodata(),
  keyword()
) :: iodata()


      


Builds a DuckDB 2.0 CREATE TRIGGER statement that runs statement, a SQL
statement such as an INSERT or UPDATE, when event changes table.
Triggers are schema, so they usually live in an Ecto migration. The body is
DuckDB SQL because it reads the transition table:
alias QuackDB.DDL

def up do
  execute DDL.create_trigger(:events_count, :events,
    "UPDATE event_stats SET total = total + (SELECT count(*) FROM inserted)",
    event: :insert,
    referencing: [new_table: :inserted]
  )
end

def down, do: execute(DDL.drop_trigger(:events_count, :events))
Options:
	:event (required) - :insert, :delete, :update, or
{:update, columns} for UPDATE OF columns.
	:timing - :after (default) or :before.
	:for_each - :statement (default) or :row. Row triggers refer to the
changed row as NEW and OLD.
	:referencing - transition tables as [old_table: alias, new_table: alias].
	:or_replace and :if_not_exists - booleans.

DuckDB 2.0 does not run BEFORE ... FOR EACH ROW or UPDATE ... FOR EACH ROW
triggers yet, and a table cannot mix row and statement triggers; the server
rejects those.

  



    

  
    
      
    
    
      detach(name, options \\ [])



        
          
        

    

  


  

      

          @spec detach(
  atom() | String.t(),
  keyword()
) :: iodata()


      


Builds a DETACH statement. Supports if_exists: true.

  



    

  
    
      
    
    
      drop_schema(name, options \\ [])



        
          
        

    

  


  

      

          @spec drop_schema(
  QuackDB.SQL.Fragment.schema(),
  keyword()
) :: iodata()


      


Builds a DROP SCHEMA statement. Supports if_exists: true and cascade: true.

  



    

  
    
      
    
    
      drop_sequence(name, options \\ [])



        
          
        

    

  


  

      

          @spec drop_sequence(
  QuackDB.SQL.Fragment.table(),
  keyword()
) :: iodata()


      


Builds a DROP SEQUENCE statement, optionally with if_exists: true.

  



    

  
    
      
    
    
      drop_table(name, options \\ [])



        
          
        

    

  


  

      

          @spec drop_table(
  String.t() | atom(),
  keyword()
) :: iodata()


      


Builds a DROP TABLE statement.

  



    

  
    
      
    
    
      drop_trigger(name, table, options \\ [])



        
          
        

    

  


  

      

          @spec drop_trigger(
  QuackDB.SQL.Fragment.identifier_name(),
  QuackDB.SQL.Fragment.table(),
  keyword()
) :: iodata()


      


Builds a DROP TRIGGER name ON table statement, optionally with if_exists: true.

  


        

      


  

    
QuackDB.DDL.Check 
    



      
An inline CHECK constraint built by QuackDB.DDL.check/1.
Pass one value or a list of values to QuackDB.DDL.create_table/3.
The expression representation is internal; use the macro to construct checks.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuackDB.DDL.Check{expression: tuple()}


      



  


        

      


  

    
QuackDB.DML 
    



      
Small DuckDB DML SQL builders.
These helpers return SQL iodata for setup and example insert statements while
still allowing DuckDB expressions where needed. For large batches, prefer
QuackDB.insert_rows/4, QuackDB.insert_columns/4, or
QuackDB.Explorer.insert_dataframe/4.

      


      
        Summary


  
    Types
  


    
      
        merge_insert()

      


    


    
      
        row()

      


    


    
      
        table()

      


    


    
      
        value()

      


    


    
      
        where()

      


    





  
    Functions
  


    
      
        delete_from(table, options)

      


        Builds a parameterized DELETE FROM ... WHERE ... statement.



    


    
      
        insert_into(table, rows)

      


        Builds an INSERT INTO ... VALUES ... statement.



    


    
      
        insert_into_select(table, columns, source, select_columns, options \\ [])

      


        Builds an INSERT INTO ... SELECT ... FROM ... statement.



    


    
      
        merge_into(target, options)

      


        Builds a MERGE INTO ... USING ... statement.



    





      


      
        Types


        


  
    
      
    
    
      merge_insert()



        
          
        

    

  


  

      

          @type merge_insert() :: {:insert, [atom() | String.t()]}


      



  



  
    
      
    
    
      row()



        
          
        

    

  


  

      

          @type row() :: keyword(value()) | %{required(atom() | String.t()) => value()}


      



  



  
    
      
    
    
      table()



        
          
        

    

  


  

      

          @type table() ::
  atom() | String.t() | {atom() | String.t() | nil, atom() | String.t()}


      



  



  
    
      
    
    
      value()



        
          
        

    

  


  

      

          @type value() :: QuackDB.SQL.parameter() | {:expr, iodata()}


      



  



  
    
      
    
    
      where()



        
          
        

    

  


  

      

          @type where() :: keyword(value())


      



  


        

      

      
        Functions


        


  
    
      
    
    
      delete_from(table, options)



        
          
        

    

  


  

      

          @spec delete_from(
  table(),
  keyword()
) :: {iodata(), [QuackDB.SQL.parameter()]}


      


Builds a parameterized DELETE FROM ... WHERE ... statement.
{sql, params} =
  QuackDB.DML.delete_from(:events,
    where: [event_type: "session_entry", session_file: session_file]
  )

QuackDB.query!(conn, sql, params)
nil values generate IS NULL predicates. {:expr, sql} values are emitted
directly for cases where a DuckDB expression is required.

  



  
    
      
    
    
      insert_into(table, rows)



        
          
        

    

  


  

      

          @spec insert_into(String.t() | atom(), [row()] | row()) :: iodata()


      


Builds an INSERT INTO ... VALUES ... statement.

  



    

  
    
      
    
    
      insert_into_select(table, columns, source, select_columns, options \\ [])



        
          
        

    

  


  

      

          @spec insert_into_select(
  table(),
  [atom() | String.t()],
  table(),
  [atom() | String.t()],
  keyword()
) ::
  iodata()


      


Builds an INSERT INTO ... SELECT ... FROM ... statement.

  



  
    
      
    
    
      merge_into(target, options)



        
          
        

    

  


  

      

          @spec merge_into(
  table(),
  keyword()
) :: iodata()


      


Builds a MERGE INTO ... USING ... statement.

  


        

      


  

    
QuackDB.DuckLake 
    



      
SQL builders for DuckLake catalogs: listing snapshots, reading the rows that
changed between them, tagging commits, and expiring old snapshots.
Every commit to a DuckLake catalog creates a snapshot, one numbering for all
of its tables. Read tables at a snapshot with QuackDB.Ecto.Snapshot, or
AT (VERSION => ...) in SQL. Attach a catalog with QuackDB.DDL.attach/3.
The table function helpers return SQL fragments that work as Ecto sources
and in raw SQL, like QuackDB.Source:
alias QuackDB.DuckLake

from snapshot in DuckLake.snapshots(:lake),
  where: snapshot.snapshot_time <= ^event_at,
  order_by: [desc: snapshot.snapshot_id],
  limit: 1,
  select: snapshot.snapshot_id

QuackDB.query!(conn, ["SELECT * FROM ", DuckLake.changes(:lake, :orders, from: 2, to: 5)])
set_commit_message/3 and expire_snapshots/2 build CALL statements.

      


      
        Summary


  
    Types
  


    
      
        catalog()

      


    


    
      
        snapshot()

      


    


    
      
        table()

      


    





  
    Functions
  


    
      
        changes(catalog, table, range)

      


        Builds a ducklake_table_changes(...) fragment with the rows of table
that changed in snapshots :from through :to, both included. Both are
snapshot ids or DateTimes; DateTimes take the snapshots committed
between them. Each row has the table's columns and snapshot_id, rowid,
and change_type: insert, delete, update_preimage, or
update_postimage.



    


    
      
        current_snapshot(catalog)

      


        Builds a ducklake_current_snapshot(...) fragment with the catalog's latest snapshot id.



    


    
      
        deletions(catalog, table, range)

      


        Like changes/3, but only the deleted rows, without change columns. An
update deletes the row's old version, so it appears here too.



    


    
      
        expire_snapshots(catalog, options)

      


        Builds a CALL ducklake_expire_snapshots(...) statement. Expired snapshots
can no longer be read; DuckLake keeps every snapshot until they expire.



    


    
      
        insertions(catalog, table, range)

      


        Like changes/3, but only the inserted rows, without change columns.



    


    
      
        set_commit_message(catalog, message, options \\ [])

      


        Builds a CALL ducklake_set_commit_message(...) statement that tags the
snapshot the current transaction commits. Run it inside the transaction,
after its writes



    


    
      
        snapshots(catalog)

      


        Builds a ducklake_snapshots(...) fragment listing the catalog's snapshots,
with snapshot_id, snapshot_time, schema_version, changes, author,
commit_message, and commit_extra_info columns.



    





      


      
        Types


        


  
    
      
    
    
      catalog()



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      snapshot()



        
          
        

    

  


  

      

          @type snapshot() :: non_neg_integer() | DateTime.t()


      



  



  
    
      
    
    
      table()



        
          
        

    

  


  

      

          @type table() ::
  atom() | String.t() | {atom() | String.t(), atom() | String.t()} | module()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      changes(catalog, table, range)



        
          
        

    

  


  

      

          @spec changes(catalog(), table(), keyword(snapshot())) :: String.t()


      


Builds a ducklake_table_changes(...) fragment with the rows of table
that changed in snapshots :from through :to, both included. Both are
snapshot ids or DateTimes; DateTimes take the snapshots committed
between them. Each row has the table's columns and snapshot_id, rowid,
and change_type: insert, delete, update_preimage, or
update_postimage.
table is a table name in the main schema, a {schema, table} pair, or
an Ecto schema. A schema's @schema_prefix may name the catalog, as
"lake" or "lake.sales", or the schema within it.

  



  
    
      
    
    
      current_snapshot(catalog)



        
          
        

    

  


  

      

          @spec current_snapshot(catalog()) :: String.t()


      


Builds a ducklake_current_snapshot(...) fragment with the catalog's latest snapshot id.

  



  
    
      
    
    
      deletions(catalog, table, range)



        
          
        

    

  


  

      

          @spec deletions(catalog(), table(), keyword(snapshot())) :: String.t()


      


Like changes/3, but only the deleted rows, without change columns. An
update deletes the row's old version, so it appears here too.

  



  
    
      
    
    
      expire_snapshots(catalog, options)



        
          
        

    

  


  

      

          @spec expire_snapshots(
  catalog(),
  keyword()
) :: iodata()


      


Builds a CALL ducklake_expire_snapshots(...) statement. Expired snapshots
can no longer be read; DuckLake keeps every snapshot until they expire.
DuckLake.expire_snapshots(:lake, older_than: DateTime.add(DateTime.utc_now(), -30, :day))
DuckLake.expire_snapshots(:lake, versions: [1, 2], dry_run: true)
Requires :older_than or :versions.

  



  
    
      
    
    
      insertions(catalog, table, range)



        
          
        

    

  


  

      

          @spec insertions(catalog(), table(), keyword(snapshot())) :: String.t()


      


Like changes/3, but only the inserted rows, without change columns.

  



    

  
    
      
    
    
      set_commit_message(catalog, message, options \\ [])



        
          
        

    

  


  

      

          @spec set_commit_message(catalog(), String.t(), keyword()) :: iodata()


      


Builds a CALL ducklake_set_commit_message(...) statement that tags the
snapshot the current transaction commits. Run it inside the transaction,
after its writes:
Repo.transaction(fn ->
  Repo.insert!(order)
  Repo.query!(DuckLake.set_commit_message(:lake, "checkout", extra_info: %{visit: 42}))
end)
Supports :author and :extra_info, a string or a map stored as JSON.

  



  
    
      
    
    
      snapshots(catalog)



        
          
        

    

  


  

      

          @spec snapshots(catalog()) :: String.t()


      


Builds a ducklake_snapshots(...) fragment listing the catalog's snapshots,
with snapshot_id, snapshot_time, schema_version, changes, author,
commit_message, and commit_extra_info columns.

  


        

      


  

    
QuackDB.Ecto 
    



      
Convenience imports for Ecto-based QuackDB query modules.
Use this in modules that build DuckDB analytical, spatial, series, or
full-text search Ecto queries and want the standard Ecto query DSL together with
QuackDB's Ecto helper macros:
defmodule MyApp.Analytics do
  use QuackDB.Ecto

  def category_scores do
    from event in "events",
      group_by: event.category,
      select: %{
        category: event.category,
        median_score: median(event.score),
        fts_score: search_score("fts_main_events", event.id, ^"duckdb")
      }
  end
end
The macro imports:
	Ecto.Query.
	QuackDB.Ecto.Analytics.
	QuackDB.Ecto.Spatial.
	QuackDB.Ecto.FTS.
	QuackDB.Ecto.Regex.
	QuackDB.Ecto.Text.
	QuackDB.Ecto.List.
	QuackDB.Ecto.Map.
	QuackDB.Ecto.Struct.
	QuackDB.Ecto.Series.
	QuackDB.Ecto.Snapshot.
	QuackDB.Ecto.Variant.
	QuackDB.Ecto.Star.
	QuackDB.Ecto.WindowFrames.

QuackDB.Ecto.Conditionals.case_when/1 is also imported for multi-branch
DuckDB CASE WHEN expressions using Elixir clause syntax.
Imports can be disabled individually. When spatial and text helpers are both
enabled, shared contains/2 dispatches obvious text calls to DuckDB
contains and spatial helper calls to ST_Contains. Ambiguous calls raise;
use contains_text/2 or st_contains/2 when intent is not obvious.
use QuackDB.Ecto, spatial: false
use QuackDB.Ecto, full_text_search: false
use QuackDB.Ecto, analytics: false
use QuackDB.Ecto, regex: false
use QuackDB.Ecto, text: false
use QuackDB.Ecto, list: false
use QuackDB.Ecto, map: false
use QuackDB.Ecto, struct: false
use QuackDB.Ecto, series: false
use QuackDB.Ecto, snapshot: false
use QuackDB.Ecto, star: false
use QuackDB.Ecto, variant: false
use QuackDB.Ecto, window_frames: false
use QuackDB.Ecto, query: false
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        column_sequence_name(schema, field)

      


        Returns the sequence name QuackDB migrations use for a serial table column.



    





      


      
        Functions


        


  
    
      
    
    
      column_sequence_name(schema, field)



        
          
        

    

  


  

      

          @spec column_sequence_name(
  module()
  | atom()
  | String.t()
  | {atom() | String.t(), atom() | String.t()}
  | {atom() | String.t(), module()},
  atom() | String.t()
) :: String.t()


      


Returns the sequence name QuackDB migrations use for a serial table column.
QuackDB.Ecto.column_sequence_name("fragments", :id)
#=> "fragments_id_seq"

QuackDB.Ecto.column_sequence_name({"main", "fragments"}, :id)
#=> "main_fragments_id_seq"
Schema modules and {source, schema} tuples use Ecto field-source metadata:
QuackDB.Ecto.column_sequence_name(FragmentRecord, :id)
QuackDB.Ecto.column_sequence_name({"tenant_fragments", FragmentRecord}, :id)

  


        

      


  

    
QuackDB.Ecto.Analytics 
    



      
DuckDB analytical expression helpers for Ecto queries.
These macros wrap DuckDB-specific SQL functions in Ecto.Query.API.fragment/1
so analytical queries can stay in Ecto's query DSL instead of scattering raw
fragment strings across application code.
import Ecto.Query
import QuackDB.Ecto.Analytics

from(event in "events",
  group_by: event.category,
  select: %{
    category: event.category,
    median_score: median(event.score),
    p95_score: quantile_cont(event.score, 0.95),
    scores: list(event.score)
  }
)
Helpers only build expressions. DuckDB clauses that are not representable in
Ecto's AST, such as PIVOT, UNPIVOT, QUALIFY, and GROUPING SETS,
should still be sent as raw SQL.
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        arg_min(arg1, arg2)

      


    


    
      
        arg_min(arg1, arg2, arg3)

      


    


    
      
        band(arg1)

      


    


    
      
        bitstring_agg(arg1)

      


    


    
      
        bitstring_agg(arg1, arg2, arg3)

      


    


    
      
        bool_and(arg1)

      


    


    
      
        bool_or(arg1)

      


    


    
      
        bor(arg1)

      


    


    
      
        bxor(arg1)

      


    


    
      
        corr(arg1, arg2)

      


    


    
      
        covar_pop(arg1, arg2)

      


    


    
      
        covar_samp(arg1, arg2)

      


    


    
      
        date_part(part, timestamp)

      


    


    
      
        date_trunc(part, timestamp)

      


    


    
      
        entropy(arg1)

      


    


    
      
        equi_width_bins(min, max, bin_count, nice \\ true)

      


    


    
      
        favg(arg1)

      


    


    
      
        fsum(arg1)

      


    


    
      
        geometric_mean(arg1)

      


    


    
      
        histogram(arg1)

      


    


    
      
        histogram_exact(arg1, arg2)

      


    


    
      
        json_contains(expression, value)

      


    


    
      
        json_exists(expression, path)

      


    


    
      
        json_extract(expression, path)

      


    


    
      
        json_extract_string(expression, path)

      


    


    
      
        json_insert(expression, path, value)

      


        Builds json_insert(json, path, value), which only adds a missing value.



    


    
      
        json_remove(expression, path)

      


        Builds json_remove(json, path).



    


    
      
        json_replace(expression, path, value)

      


        Builds json_replace(json, path, value), which only changes an existing value.



    


    
      
        json_set(expression, path, value)

      


        Builds DuckDB 2.0's json_set(json, path, value), which creates or
replaces the value at path. The value is converted with to_json, so
Elixir strings set JSON strings. Paths are JSON path strings or lists such
as [:address, :city].



    


    
      
        kurtosis(arg1)

      


    


    
      
        kurtosis_pop(arg1)

      


    


    
      
        list(expression)

      


    


    
      
        list(expression, options)

      


    


    
      
        mad(arg1)

      


    


    
      
        median(arg1)

      


    


    
      
        mode(arg1)

      


    


    
      
        product(arg1)

      


    


    
      
        quantile_cont(arg1, arg2)

      


    


    
      
        quantile_disc(arg1, arg2)

      


    


    
      
        regr_count(arg1, arg2)

      


    


    
      
        regr_intercept(arg1, arg2)

      


    


    
      
        regr_r2(arg1, arg2)

      


    


    
      
        regr_slope(arg1, arg2)

      


    


    
      
        regr_sxx(arg1, arg2)

      


    


    
      
        regr_sxy(arg1, arg2)

      


    


    
      
        regr_syy(arg1, arg2)

      


    


    
      
        reservoir_quantile(arg1, arg2)

      


    


    
      
        reservoir_quantile(arg1, arg2, arg3)

      


    


    
      
        sem(arg1)

      


    


    
      
        skewness(arg1)

      


    


    
      
        stddev(arg1)

      


    


    
      
        stddev_pop(arg1)

      


    


    
      
        string_agg(expression, separator)

      


    


    
      
        string_agg(expression, separator, options)

      


    


    
      
        summarize(repo, queryable)

      


        Runs DuckDB SUMMARIZE for an Ecto queryable using the :all query operation.



    


    
      
        summarize(repo, queryable, options)

      


        Runs DuckDB SUMMARIZE for an Ecto queryable using the given Ecto SQL operation.



    


    
      
        summarize(repo, operation, queryable, options)

      


    


    
      
        summarize!(repo, queryable)

      


        Runs DuckDB SUMMARIZE for an Ecto queryable and raises on error.



    


    
      
        summarize!(repo, queryable, options)

      


        Runs DuckDB SUMMARIZE for an Ecto queryable using the given Ecto SQL operation and raises on error.



    


    
      
        summarize!(repo, operation, queryable, options)

      


    


    
      
        time_bucket(interval, timestamp)

      


    


    
      
        time_bucket(interval, timestamp, options)

      


    


    
      
        var_pop(arg1)

      


    


    
      
        var_samp(arg1)

      


    


    
      
        variable(name)

      


        Reads a DuckDB variable set with SET VARIABLE, using DuckDB 2.0's
$name shorthand. Pass a pinned value to read a variable named at runtime
through getvariable/1.



    


    
      
        variance(arg1)

      


    


    
      
        weighted_avg(arg1, arg2)

      


    





      


      
        Functions


        


  
    
      
    
    
      any_value(arg1)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      approx_count_distinct(arg1)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      approx_quantile(arg1, arg2)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      approx_top_k(arg1, arg2)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      arg_max(arg1, arg2)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      arg_max(arg1, arg2, arg3)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      arg_min(arg1, arg2)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      arg_min(arg1, arg2, arg3)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      band(arg1)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      bitstring_agg(arg1)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      bitstring_agg(arg1, arg2, arg3)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      bool_and(arg1)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      bool_or(arg1)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      bor(arg1)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      bxor(arg1)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      corr(arg1, arg2)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      covar_pop(arg1, arg2)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      covar_samp(arg1, arg2)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      date_part(part, timestamp)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      date_trunc(part, timestamp)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      entropy(arg1)


        (macro)


        
          
        

    

  


  


  



    

  
    
      
    
    
      equi_width_bins(min, max, bin_count, nice \\ true)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      favg(arg1)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      fsum(arg1)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      geometric_mean(arg1)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      histogram(arg1)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      histogram_exact(arg1, arg2)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      json_contains(expression, value)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      json_exists(expression, path)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      json_extract(expression, path)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      json_extract_string(expression, path)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      json_insert(expression, path, value)


        (macro)


        
          
        

    

  


  

Builds json_insert(json, path, value), which only adds a missing value.

  



  
    
      
    
    
      json_remove(expression, path)


        (macro)


        
          
        

    

  


  

Builds json_remove(json, path).

  



  
    
      
    
    
      json_replace(expression, path, value)


        (macro)


        
          
        

    

  


  

Builds json_replace(json, path, value), which only changes an existing value.

  



  
    
      
    
    
      json_set(expression, path, value)


        (macro)


        
          
        

    

  


  

Builds DuckDB 2.0's json_set(json, path, value), which creates or
replaces the value at path. The value is converted with to_json, so
Elixir strings set JSON strings. Paths are JSON path strings or lists such
as [:address, :city].

  



  
    
      
    
    
      kurtosis(arg1)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      kurtosis_pop(arg1)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      list(expression)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      list(expression, options)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      mad(arg1)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      median(arg1)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      mode(arg1)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      product(arg1)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      quantile_cont(arg1, arg2)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      quantile_disc(arg1, arg2)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      regr_count(arg1, arg2)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      regr_intercept(arg1, arg2)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      regr_r2(arg1, arg2)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      regr_slope(arg1, arg2)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      regr_sxx(arg1, arg2)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      regr_sxy(arg1, arg2)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      regr_syy(arg1, arg2)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      reservoir_quantile(arg1, arg2)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      reservoir_quantile(arg1, arg2, arg3)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      sem(arg1)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      skewness(arg1)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      stddev(arg1)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      stddev_pop(arg1)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      string_agg(expression, separator)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      string_agg(expression, separator, options)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      summarize(repo, queryable)



        
          
        

    

  


  

Runs DuckDB SUMMARIZE for an Ecto queryable using the :all query operation.

  



  
    
      
    
    
      summarize(repo, queryable, options)



        
          
        

    

  


  

Runs DuckDB SUMMARIZE for an Ecto queryable using the given Ecto SQL operation.

  



  
    
      
    
    
      summarize(repo, operation, queryable, options)



        
          
        

    

  


  


  



  
    
      
    
    
      summarize!(repo, queryable)



        
          
        

    

  


  

Runs DuckDB SUMMARIZE for an Ecto queryable and raises on error.

  



  
    
      
    
    
      summarize!(repo, queryable, options)



        
          
        

    

  


  

Runs DuckDB SUMMARIZE for an Ecto queryable using the given Ecto SQL operation and raises on error.

  



  
    
      
    
    
      summarize!(repo, operation, queryable, options)



        
          
        

    

  


  


  



  
    
      
    
    
      time_bucket(interval, timestamp)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      time_bucket(interval, timestamp, options)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      var_pop(arg1)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      var_samp(arg1)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      variable(name)


        (macro)


        
          
        

    

  


  

Reads a DuckDB variable set with SET VARIABLE, using DuckDB 2.0's
$name shorthand. Pass a pinned value to read a variable named at runtime
through getvariable/1.

  



  
    
      
    
    
      variance(arg1)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      weighted_avg(arg1, arg2)


        (macro)


        
          
        

    

  


  


  


        

      


  

    
QuackDB.Ecto.Conditionals 
    



      
Conditional expression helpers for Ecto analytical queries.
case_when/1 keeps multi-branch SQL CASE WHEN expressions readable while
preserving normal Ecto operators inside each condition:
use QuackDB.Ecto

from event in "events",
  select: %{
    tier:
      case_when do
        event.score >= 90 -> "high"
        event.score >= 50 -> "medium"
        true -> "low"
      end
  }
The expression compiles to DuckDB CASE WHEN ... THEN ... ELSE ... END.

      


      
        Summary


  
    Functions
  


    
      
        case_when(list)

      


    





      


      
        Functions


        


  
    
      
    
    
      case_when(list)


        (macro)


        
          
        

    

  


  


  


        

      


  

    
QuackDB.Ecto.Decimal 
    



      
An Ecto decimal type retaining DuckDB cast precision and scale.
alias QuackDB.Ecto.Decimal, as: DuckDecimal

decimal = Ecto.ParameterizedType.init(DuckDecimal, precision: 18, scale: 4)
estimate = dynamic([t], type(t.fields[^field], ^decimal))
predicate = dynamic([t], ^estimate > ^minimum)
from t in "tasks", where: ^predicate
Import Ecto.Query or use QuackDB.Ecto for these query macros. Unlike bare
:decimal (DuckDB DECIMAL(18,3)), this type emits the specified precision
and scale in SQL casts. Values use ordinary Ecto decimal casting/loading;
DuckDB enforces the SQL precision and scale, including rounding and overflow.

      




  

    
QuackDB.Ecto.FTS 
    



      
DuckDB full-text search expression helpers for Ecto queries.
Create/drop indexes with QuackDB.FTS, then use these macros in
normal Ecto queries.

      


      
        Summary


  
    Functions
  


    
      
        bm25(id, query)

      


    


    
      
        bm25(schema, id, query)

      


    


    
      
        match_bm25(id, query)

      


    


    
      
        match_bm25(schema, id, query)

      


    


    
      
        search_score(id, query)

      


    


    
      
        search_score(schema, id, query)

      


    


    
      
        stem(text)

      


    


    
      
        stem(text, stemmer)

      


    





      


      
        Functions


        


  
    
      
    
    
      bm25(id, query)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      bm25(schema, id, query)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      match_bm25(id, query)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      match_bm25(schema, id, query)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      search_score(id, query)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      search_score(schema, id, query)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      stem(text)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      stem(text, stemmer)


        (macro)


        
          
        

    

  


  


  


        

      


  

    
QuackDB.Ecto.List 
    



      
DuckDB LIST/ARRAY expression helpers for Ecto queries.
The macros map directly to DuckDB list functions and are useful for querying
LIST columns or Ecto {:array, type} fields backed by DuckDB lists.

      


      
        Summary


  
    Functions
  


    
      
        append(list, value)

      


        Builds list_append(list, value).



    


    
      
        concat(left, right)

      


        Builds list_concat(left, right).



    


    
      
        contains(list, value)

      


        Builds list_contains(list, value).



    


    
      
        contains_list(list, value)

      


        Alias for contains/2 that avoids shared contains/2 import ambiguity.



    


    
      
        distinct(list)

      


        Builds list_distinct(list).



    


    
      
        extract(list, index)

      


        Builds list_extract(list, index). DuckDB list indexes are 1-based.



    


    
      
        has_all(left, right)

      


        Builds list_has_all(left, right).



    


    
      
        has_any(left, right)

      


        Builds list_has_any(left, right).



    


    
      
        intersect_list(left, right)

      


        Builds list_intersect(left, right). Named to avoid Ecto intersect/2 import ambiguity.



    


    
      
        list_filter(list, lambda)

      


        Builds list_filter(list, lambda x : ...).



    


    
      
        list_length(list)

      


        Builds len(list). Named to avoid Kernel.length/1 import ambiguity.



    


    
      
        list_reduce(list, lambda)

      


        Builds list_reduce(list, lambda acc, x : ...).



    


    
      
        list_reduce(list, lambda, initial_value)

      


        Builds list_reduce(list, lambda acc, x : ..., initial_value).



    


    
      
        list_transform(list, lambda)

      


        Builds list_transform(list, lambda x : ...).



    


    
      
        position(list, value)

      


        Builds list_position(list, value).



    


    
      
        prepend(value, list)

      


        Builds list_prepend(value, list).



    


    
      
        reverse_sort(list)

      


        Builds list_reverse_sort(list).



    


    
      
        slice(list, begin_index, end_index)

      


        Builds list_slice(list, begin, end).



    


    
      
        slice(list, begin_index, end_index, step)

      


        Builds list_slice(list, begin, end, step).



    


    
      
        sort(list)

      


        Builds list_sort(list).



    


    
      
        unique(list)

      


        Builds list_unique(list).



    


    
      
        unnest(list)

      


        Builds unnest(list).



    





      


      
        Functions


        


  
    
      
    
    
      append(list, value)


        (macro)


        
          
        

    

  


  

Builds list_append(list, value).

  



  
    
      
    
    
      concat(left, right)


        (macro)


        
          
        

    

  


  

Builds list_concat(left, right).

  



  
    
      
    
    
      contains(list, value)


        (macro)


        
          
        

    

  


  

Builds list_contains(list, value).

  



  
    
      
    
    
      contains_list(list, value)


        (macro)


        
          
        

    

  


  

Alias for contains/2 that avoids shared contains/2 import ambiguity.

  



  
    
      
    
    
      distinct(list)


        (macro)


        
          
        

    

  


  

Builds list_distinct(list).

  



  
    
      
    
    
      extract(list, index)


        (macro)


        
          
        

    

  


  

Builds list_extract(list, index). DuckDB list indexes are 1-based.

  



  
    
      
    
    
      has_all(left, right)


        (macro)


        
          
        

    

  


  

Builds list_has_all(left, right).

  



  
    
      
    
    
      has_any(left, right)


        (macro)


        
          
        

    

  


  

Builds list_has_any(left, right).

  



  
    
      
    
    
      intersect_list(left, right)


        (macro)


        
          
        

    

  


  

Builds list_intersect(left, right). Named to avoid Ecto intersect/2 import ambiguity.

  



  
    
      
    
    
      list_filter(list, lambda)


        (macro)


        
          
        

    

  


  

Builds list_filter(list, lambda x : ...).

  



  
    
      
    
    
      list_length(list)


        (macro)


        
          
        

    

  


  

Builds len(list). Named to avoid Kernel.length/1 import ambiguity.

  



  
    
      
    
    
      list_reduce(list, lambda)


        (macro)


        
          
        

    

  


  

Builds list_reduce(list, lambda acc, x : ...).

  



  
    
      
    
    
      list_reduce(list, lambda, initial_value)


        (macro)


        
          
        

    

  


  

Builds list_reduce(list, lambda acc, x : ..., initial_value).

  



  
    
      
    
    
      list_transform(list, lambda)


        (macro)


        
          
        

    

  


  

Builds list_transform(list, lambda x : ...).

  



  
    
      
    
    
      position(list, value)


        (macro)


        
          
        

    

  


  

Builds list_position(list, value).

  



  
    
      
    
    
      prepend(value, list)


        (macro)


        
          
        

    

  


  

Builds list_prepend(value, list).

  



  
    
      
    
    
      reverse_sort(list)


        (macro)


        
          
        

    

  


  

Builds list_reverse_sort(list).

  



  
    
      
    
    
      slice(list, begin_index, end_index)


        (macro)


        
          
        

    

  


  

Builds list_slice(list, begin, end).

  



  
    
      
    
    
      slice(list, begin_index, end_index, step)


        (macro)


        
          
        

    

  


  

Builds list_slice(list, begin, end, step).

  



  
    
      
    
    
      sort(list)


        (macro)


        
          
        

    

  


  

Builds list_sort(list).

  



  
    
      
    
    
      unique(list)


        (macro)


        
          
        

    

  


  

Builds list_unique(list).

  



  
    
      
    
    
      unnest(list)


        (macro)


        
          
        

    

  


  

Builds unnest(list).

  


        

      


  

    
QuackDB.Ecto.Map 
    



      
DuckDB MAP expression helpers for Ecto queries.
Natural names are available when importing this module directly. With
use QuackDB.Ecto, ambiguous names such as contains/2, extract/2,
values/1, and concat/2 are excluded; use the explicit aliases instead.

      


      
        Summary


  
    Functions
  


    
      
        cardinality(map)

      


        Builds cardinality(map).



    


    
      
        concat(left, right)

      


        Builds map_concat(left, right).



    


    
      
        contains(map, key)

      


        Builds map_contains(map, key).



    


    
      
        contains_entry(map, key, value)

      


        Builds map_contains_entry(map, key, value).



    


    
      
        contains_map(map, key)

      


        Builds map_contains(map, key).



    


    
      
        contains_map_entry(map, key, value)

      


        Builds map_contains_entry(map, key, value).



    


    
      
        contains_map_value(map, value)

      


        Builds map_contains_value(map, value).



    


    
      
        contains_value(map, value)

      


        Builds map_contains_value(map, value).



    


    
      
        entries(map)

      


        Builds map_entries(map).



    


    
      
        extract(map, key)

      


        Builds map_extract(map, key).



    


    
      
        extract_value(map, key)

      


        Builds map_extract_value(map, key).



    


    
      
        keys(map)

      


        Builds map_keys(map).



    


    
      
        map_cardinality(map)

      


        Builds cardinality(map).



    


    
      
        map_concat(left, right)

      


        Builds map_concat(left, right).



    


    
      
        map_entries(map)

      


        Builds map_entries(map).



    


    
      
        map_extract(map, key)

      


        Builds map_extract(map, key).



    


    
      
        map_extract_value(map, key)

      


        Builds map_extract_value(map, key).



    


    
      
        map_keys(map)

      


        Builds map_keys(map).



    


    
      
        map_values(map)

      


        Builds map_values(map).



    


    
      
        values(map)

      


        Builds map_values(map).



    





      


      
        Functions


        


  
    
      
    
    
      cardinality(map)


        (macro)


        
          
        

    

  


  

Builds cardinality(map).

  



  
    
      
    
    
      concat(left, right)


        (macro)


        
          
        

    

  


  

Builds map_concat(left, right).

  



  
    
      
    
    
      contains(map, key)


        (macro)


        
          
        

    

  


  

Builds map_contains(map, key).

  



  
    
      
    
    
      contains_entry(map, key, value)


        (macro)


        
          
        

    

  


  

Builds map_contains_entry(map, key, value).

  



  
    
      
    
    
      contains_map(map, key)


        (macro)


        
          
        

    

  


  

Builds map_contains(map, key).

  



  
    
      
    
    
      contains_map_entry(map, key, value)


        (macro)


        
          
        

    

  


  

Builds map_contains_entry(map, key, value).

  



  
    
      
    
    
      contains_map_value(map, value)


        (macro)


        
          
        

    

  


  

Builds map_contains_value(map, value).

  



  
    
      
    
    
      contains_value(map, value)


        (macro)


        
          
        

    

  


  

Builds map_contains_value(map, value).

  



  
    
      
    
    
      entries(map)


        (macro)


        
          
        

    

  


  

Builds map_entries(map).

  



  
    
      
    
    
      extract(map, key)


        (macro)


        
          
        

    

  


  

Builds map_extract(map, key).

  



  
    
      
    
    
      extract_value(map, key)


        (macro)


        
          
        

    

  


  

Builds map_extract_value(map, key).

  



  
    
      
    
    
      keys(map)


        (macro)


        
          
        

    

  


  

Builds map_keys(map).

  



  
    
      
    
    
      map_cardinality(map)


        (macro)


        
          
        

    

  


  

Builds cardinality(map).

  



  
    
      
    
    
      map_concat(left, right)


        (macro)


        
          
        

    

  


  

Builds map_concat(left, right).

  



  
    
      
    
    
      map_entries(map)


        (macro)


        
          
        

    

  


  

Builds map_entries(map).

  



  
    
      
    
    
      map_extract(map, key)


        (macro)


        
          
        

    

  


  

Builds map_extract(map, key).

  



  
    
      
    
    
      map_extract_value(map, key)


        (macro)


        
          
        

    

  


  

Builds map_extract_value(map, key).

  



  
    
      
    
    
      map_keys(map)


        (macro)


        
          
        

    

  


  

Builds map_keys(map).

  



  
    
      
    
    
      map_values(map)


        (macro)


        
          
        

    

  


  

Builds map_values(map).

  



  
    
      
    
    
      values(map)


        (macro)


        
          
        

    

  


  

Builds map_values(map).

  


        

      


  

    
QuackDB.Ecto.Regex 
    



      
DuckDB regular-expression helpers for Ecto queries.
DuckDB uses RE2 regular expressions. Elixir's Regex uses Erlang/OTP :re,
so only the shared regex subset is portable. Literal ~r/.../ patterns are
accepted for convenience and their compatible modifiers are translated to
DuckDB options.
import Ecto.Query
import QuackDB.Ecto.Regex

from event in "events",
  where: regexp_matches(event.name, ~r/^duck/i),
  select: %{
    year: regexp_extract(event.name, ~r/(\d{4})/, 1),
    slug: regexp_replace(event.name, ~r/\s+/, "-", "g"),
    parts: regexp_split_to_array(event.name, ~r/\s*,\s*/)
  }
Compatible ~r modifiers are translated to DuckDB option strings: i, m,
and s. Elixir's Unicode modifier is ignored; unsupported modifiers raise at
macro expansion time.

      


      
        Summary


  
    Functions
  


    
      
        regexp_escape(string)

      


    


    
      
        regexp_extract(string, pattern)

      


    


    
      
        regexp_extract(string, pattern, group_or_names)

      


    


    
      
        regexp_extract(string, pattern, group_or_names, options)

      


    


    
      
        regexp_extract_all(string, pattern)

      


    


    
      
        regexp_extract_all(string, pattern, group_or_names)

      


    


    
      
        regexp_extract_all(string, pattern, group_or_names, options)

      


    


    
      
        regexp_full_match(string, pattern)

      


    


    
      
        regexp_full_match(string, pattern, options)

      


    


    
      
        regexp_matches(string, pattern)

      


    


    
      
        regexp_matches(string, pattern, options)

      


    


    
      
        regexp_replace(string, pattern, replacement)

      


    


    
      
        regexp_replace(string, pattern, replacement, options)

      


    


    
      
        regexp_split_to_array(string, pattern)

      


    


    
      
        regexp_split_to_array(string, pattern, options)

      


    





      


      
        Functions


        


  
    
      
    
    
      regexp_escape(string)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      regexp_extract(string, pattern)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      regexp_extract(string, pattern, group_or_names)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      regexp_extract(string, pattern, group_or_names, options)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      regexp_extract_all(string, pattern)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      regexp_extract_all(string, pattern, group_or_names)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      regexp_extract_all(string, pattern, group_or_names, options)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      regexp_full_match(string, pattern)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      regexp_full_match(string, pattern, options)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      regexp_matches(string, pattern)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      regexp_matches(string, pattern, options)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      regexp_replace(string, pattern, replacement)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      regexp_replace(string, pattern, replacement, options)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      regexp_split_to_array(string, pattern)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      regexp_split_to_array(string, pattern, options)


        (macro)


        
          
        

    

  


  


  


        

      


  

    
QuackDB.Ecto.Series 
    



      
Ecto source helpers for DuckDB generate_series table functions.
These helpers accept Elixir ranges and return schema-backed Ecto sources with
a stable value field instead of exposing DuckDB's generate_series column
name in application queries.

      


      
        Summary


  
    Functions
  


    
      
        series(range, options \\ [])

      


        Builds a typed generate_series Ecto source from a date range.



    


    
      
        series(first, last, options)

      


        Builds a typed generate_series Ecto source from date or timestamp endpoints.



    


    
      
        series_source(range, options)

      


    


    
      
        series_source(first, last, options)

      


    





      


      
        Functions


        


    

  
    
      
    
    
      series(range, options \\ [])


        (macro)


        
          
        

    

  


  

      

          @spec series(
  Date.Range.t(),
  keyword()
) :: {String.t(), QuackDB.Ecto.Series.DateValue}


      


Builds a typed generate_series Ecto source from a date range.

  



  
    
      
    
    
      series(first, last, options)


        (macro)


        
          
        

    

  


  

      

          @spec series(Date.t() | NaiveDateTime.t(), Date.t() | NaiveDateTime.t(), keyword()) ::
  {String.t(),
   QuackDB.Ecto.Series.DateValue | QuackDB.Ecto.Series.TimestampValue}


      


Builds a typed generate_series Ecto source from date or timestamp endpoints.

  



  
    
      
    
    
      series_source(range, options)



        
          
        

    

  


  


  



  
    
      
    
    
      series_source(first, last, options)



        
          
        

    

  


  


  


        

      


  

    
QuackDB.Ecto.Snapshot 
    



      
Reads Delta, DuckLake, and Iceberg tables as they were at an earlier
snapshot, through DuckDB's AT (VERSION => ...) and AT (TIMESTAMP => ...)
clauses.
A snapshot is a DateTime, which reads the latest snapshot committed at or
before it, or version: n, a Delta table version or a DuckLake snapshot id:
import QuackDB.Ecto.Snapshot

Order
|> join(:inner, [o], c in assoc(o, :customer))
|> put_snapshot(~U[2026-10-20 14:03:11Z])
|> Repo.all()
put_snapshot/2 applies to every table the query reads: its joins,
including assoc joins, subqueries, and CTE bodies. CTE names, values/2,
fragments, and QuackDB.Source helpers are left as they are. Plain DuckDB
tables do not keep snapshots, so a query that also reads one fails with
DuckDB's Catalog type does not support time travel; give the snapshot to
the time-travelling binding alone with put_snapshot/3.
Repo option
To give a whole repo call a snapshot, preloads included, apply the
:snapshot option in your repo's Ecto.Repo.prepare_query/3:
defmodule MyApp.Repo do
  use Ecto.Repo, otp_app: :my_app, adapter: Ecto.Adapters.QuackDB

  @impl true
  defdelegate prepare_query(operation, query, opts), to: QuackDB.Ecto.Snapshot
end

order = Repo.get!(Order, id, snapshot: event.at)
Repo.preload(order, :items, snapshot: event.at)
Ecto passes a call's options on to its preload queries, so one snapshot
covers the records a call loads. Snapshots are read-only: the option
raises for update_all and delete_all.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        A snapshot to read: a commit time or a version.



    





  
    Functions
  


    
      
        prepare_query(operation, query, opts)

      


        Applies a repo call's :snapshot option to its query. Delegate
Ecto.Repo.prepare_query/3 to it, or call it from your own.



    


    
      
        put_snapshot(queryable, snapshot)

      


        Reads every table in the query at snapshot. A nil snapshot leaves the
query unchanged.



    


    
      
        put_snapshot(queryable, binding, snapshot)

      


        Reads only the source bound to the named binding at snapshot, so the
query can join tables that do not keep snapshots, or read two snapshots of
one table. The snapshot overrides one given to the whole query.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() ::
  DateTime.t() | [{:version, non_neg_integer()}] | [{:timestamp, DateTime.t()}]


      


A snapshot to read: a commit time or a version.

  


        

      

      
        Functions


        


  
    
      
    
    
      prepare_query(operation, query, opts)



        
          
        

    

  


  

      

          @spec prepare_query(atom(), Ecto.Query.t(), keyword()) :: {Ecto.Query.t(), keyword()}


      


Applies a repo call's :snapshot option to its query. Delegate
Ecto.Repo.prepare_query/3 to it, or call it from your own.

  



  
    
      
    
    
      put_snapshot(queryable, snapshot)



        
          
        

    

  


  

      

          @spec put_snapshot(Ecto.Queryable.t(), t() | nil) :: Ecto.Query.t()


      


Reads every table in the query at snapshot. A nil snapshot leaves the
query unchanged.

  



  
    
      
    
    
      put_snapshot(queryable, binding, snapshot)



        
          
        

    

  


  

      

          @spec put_snapshot(Ecto.Queryable.t(), atom(), t() | nil) :: Ecto.Query.t()


      


Reads only the source bound to the named binding at snapshot, so the
query can join tables that do not keep snapshots, or read two snapshots of
one table. The snapshot overrides one given to the whole query.
from(order in Order, as: :order, join: region in "regions", on: ...)
|> put_snapshot(:order, version: 42)
Assoc joins lose their hints in Ecto's planner, so the binding must come
from from or a join on an explicit source.

  


        

      


  

    
QuackDB.Ecto.Spatial 
    



      
DuckDB spatial expression helpers for Ecto queries.
These macros wrap DuckDB spatial ST_* functions in Ecto fragments. Load
DuckDB's spatial extension before executing queries that use these helpers.
Pinned %Geo.*{} values are supported when the optional :geo package is
available.

      


      
        Summary


  
    Functions
  


    
      
        as_geojson(geometry)

      


    


    
      
        as_hex_wkb(geometry)

      


    


    
      
        as_text(geometry)

      


    


    
      
        as_wkb(geometry)

      


    


    
      
        contains(left, right)

      


    


    
      
        distance(left, right)

      


    


    
      
        envelope(min_x, min_y, max_x, max_y)

      


    


    
      
        geom_from_text(wkt)

      


    


    
      
        geom_from_wkb(wkb)

      


    


    
      
        intersects(left, right)

      


    


    
      
        point(x, y)

      


    


    
      
        st_contains(left, right)

      


    





      


      
        Functions


        


  
    
      
    
    
      as_geojson(geometry)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      as_hex_wkb(geometry)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      as_text(geometry)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      as_wkb(geometry)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      contains(left, right)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      distance(left, right)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      envelope(min_x, min_y, max_x, max_y)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      geom_from_text(wkt)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      geom_from_wkb(wkb)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      intersects(left, right)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      point(x, y)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      st_contains(left, right)


        (macro)


        
          
        

    

  


  


  


        

      


  

    
QuackDB.Ecto.Star 
    



      
DuckDB star and COLUMNS(...) expression macros for Ecto SQL generation.
These helpers wrap QuackDB.SQL.star/1, QuackDB.SQL.columns/1,2, and
QuackDB.SQL.unpack_columns/1,2 in Ecto fragments.
DuckDB star expressions can expand one Ecto expression into multiple SQL
result columns. That is useful for SQL generation and raw Repo.query!/2
execution, but it can surprise Ecto's normal result loader in Repo.all/2
select lists. Prefer these macros in predicates or when you intentionally
pass generated SQL to Repo.query!/2.

      


      
        Summary


  
    Functions
  


    
      
        columns(selector \\ :star, options \\ [])

      


        Builds a DuckDB COLUMNS(...) expression fragment.



    


    
      
        star(options \\ [])

      


        Builds a DuckDB star expression fragment.



    


    
      
        unpack_columns(selector \\ :star, options \\ [])

      


        Builds a DuckDB *COLUMNS(...) unpacked columns expression fragment.



    





      


      
        Functions


        


    

    

  
    
      
    
    
      columns(selector \\ :star, options \\ [])


        (macro)


        
          
        

    

  


  

Builds a DuckDB COLUMNS(...) expression fragment.

  



    

  
    
      
    
    
      star(options \\ [])


        (macro)


        
          
        

    

  


  

Builds a DuckDB star expression fragment.

  



    

    

  
    
      
    
    
      unpack_columns(selector \\ :star, options \\ [])


        (macro)


        
          
        

    

  


  

Builds a DuckDB *COLUMNS(...) unpacked columns expression fragment.

  


        

      


  

    
QuackDB.Ecto.Struct 
    



      
DuckDB STRUCT expression helpers for Ecto queries.
Natural names are available when importing this module directly. With
use QuackDB.Ecto, ambiguous names such as contains/2, extract/2,
values/1, position/2, and concat/2 are excluded; use the explicit
aliases instead.

      


      
        Summary


  
    Functions
  


    
      
        concat(left, right)

      


        Builds struct_concat(left, right).



    


    
      
        contains(struct, value)

      


        Builds struct_contains(struct, value).



    


    
      
        contains_struct(struct, value)

      


        Builds struct_contains(struct, value).



    


    
      
        extract(struct, field_or_index)

      


        Builds struct_extract(struct, field_or_index).



    


    
      
        extract_at(struct, index)

      


        Builds struct_extract_at(struct, index).



    


    
      
        position(struct, value)

      


        Builds struct_position(struct, value).



    


    
      
        struct_concat(left, right)

      


        Builds struct_concat(left, right).



    


    
      
        struct_extract(struct, field_or_index)

      


        Builds struct_extract(struct, field_or_index).



    


    
      
        struct_extract_at(struct, index)

      


        Builds struct_extract_at(struct, index).



    


    
      
        struct_position(struct, value)

      


        Builds struct_position(struct, value).



    


    
      
        struct_values(struct)

      


        Builds struct_values(struct).



    


    
      
        values(struct)

      


        Builds struct_values(struct).



    





      


      
        Functions


        


  
    
      
    
    
      concat(left, right)


        (macro)


        
          
        

    

  


  

Builds struct_concat(left, right).

  



  
    
      
    
    
      contains(struct, value)


        (macro)


        
          
        

    

  


  

Builds struct_contains(struct, value).

  



  
    
      
    
    
      contains_struct(struct, value)


        (macro)


        
          
        

    

  


  

Builds struct_contains(struct, value).

  



  
    
      
    
    
      extract(struct, field_or_index)


        (macro)


        
          
        

    

  


  

Builds struct_extract(struct, field_or_index).

  



  
    
      
    
    
      extract_at(struct, index)


        (macro)


        
          
        

    

  


  

Builds struct_extract_at(struct, index).

  



  
    
      
    
    
      position(struct, value)


        (macro)


        
          
        

    

  


  

Builds struct_position(struct, value).

  



  
    
      
    
    
      struct_concat(left, right)


        (macro)


        
          
        

    

  


  

Builds struct_concat(left, right).

  



  
    
      
    
    
      struct_extract(struct, field_or_index)


        (macro)


        
          
        

    

  


  

Builds struct_extract(struct, field_or_index).

  



  
    
      
    
    
      struct_extract_at(struct, index)


        (macro)


        
          
        

    

  


  

Builds struct_extract_at(struct, index).

  



  
    
      
    
    
      struct_position(struct, value)


        (macro)


        
          
        

    

  


  

Builds struct_position(struct, value).

  



  
    
      
    
    
      struct_values(struct)


        (macro)


        
          
        

    

  


  

Builds struct_values(struct).

  



  
    
      
    
    
      values(struct)


        (macro)


        
          
        

    

  


  

Builds struct_values(struct).

  


        

      


  

    
QuackDB.Ecto.Text 
    



      
DuckDB text-expression helpers for Ecto queries.
import Ecto.Query
import QuackDB.Ecto.Text

from event in "events",
  where: contains(event.name, "duck") and starts_with(event.kind, "bird"),
  select: %{
    second_part: split_part(event.name, "-", 2),
    tags: string_split(event.tags, ",")
  }
contains_text/2 emits the same DuckDB contains(?, ?) call as
contains/2. It is useful with use QuackDB.Ecto, where shared
contains/2 may dispatch between text and spatial predicates.

      


      
        Summary


  
    Functions
  


    
      
        contains(arg1, arg2)

      


    


    
      
        contains(value, search, options)

      


        Literal text containment with an explicit case-sensitivity option.



    


    
      
        contains_text(arg1, arg2)

      


    


    
      
        ends_with(arg1, arg2)

      


    


    
      
        prefix(arg1, arg2)

      


    


    
      
        split_part(arg1, arg2, arg3)

      


    


    
      
        starts_with(arg1, arg2)

      


    


    
      
        string_split(arg1, arg2)

      


    


    
      
        string_split_regex(arg1, arg2)

      


    


    
      
        string_split_regex(arg1, arg2, arg3)

      


    


    
      
        suffix(arg1, arg2)

      


    





      


      
        Functions


        


  
    
      
    
    
      contains(arg1, arg2)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      contains(value, search, options)


        (macro)


        
          
        

    

  


  

Literal text containment with an explicit case-sensitivity option.
contains(event.name, ^search, case_sensitive: false)
With case_sensitive: false, both operands are lowercased by DuckDB before
matching. This is not full Unicode case folding. Wildcards remain literal;
an empty search matches and NULL operands produce NULL. Options must be a
literal keyword list with a boolean :case_sensitive value.

  



  
    
      
    
    
      contains_text(arg1, arg2)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      ends_with(arg1, arg2)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      prefix(arg1, arg2)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      split_part(arg1, arg2, arg3)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      starts_with(arg1, arg2)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      string_split(arg1, arg2)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      string_split_regex(arg1, arg2)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      string_split_regex(arg1, arg2, arg3)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      suffix(arg1, arg2)


        (macro)


        
          
        

    

  


  


  


        

      


  

    
QuackDB.Ecto.Variant 
    



      
DuckDB 2.0 VARIANT expression helpers for Ecto queries.
VARIANT columns decode to Elixir terms: objects become maps with string
keys, arrays become lists, and scalars decode like the matching column type.
These helpers inspect and extract inside a VARIANT on the server:
import Ecto.Query
import QuackDB.Ecto.Variant

from event in "events",
  where: variant_type(event.payload) == "OBJECT",
  select: %{
    kind: variant_extract_string(event.payload, "kind"),
    first_tag: variant_extract(event.payload, [:tags, 1]),
    keys: variant_keys(event.payload)
  }
A key is a field name; an integer extracts from an array, counting from 1.
A list such as [:tags, 1] extracts one step at a time.

      


      
        Summary


  
    Functions
  


    
      
        variant_array_length(variant)

      


        Builds variant_array_length(variant), or variant_array_length(variant, key).



    


    
      
        variant_array_length(variant, key)

      


    


    
      
        variant_contains(haystack, needle)

      


        Builds variant_contains(haystack, needle); the needle is cast to VARIANT.



    


    
      
        variant_extract(variant, path)

      


        Builds variant_extract(variant, key), which returns a VARIANT. Pass a list
to extract along a path.



    


    
      
        variant_extract_string(variant, key)

      


        Builds variant_extract_string(variant, key), the field rendered as text.



    


    
      
        variant_keys(variant)

      


        Builds variant_keys(variant), or variant_keys(variant, key) for a nested object.



    


    
      
        variant_keys(variant, key)

      


    


    
      
        variant_type(variant)

      


        Builds variant_type(variant), the VARIANT type name such as "OBJECT",
"ARRAY", or "INT64", or variant_type(variant, key) for a field.



    


    
      
        variant_type(variant, key)

      


    


    
      
        variant_typeof(variant)

      


        Builds variant_typeof(variant), the DuckDB type the value would have unwrapped.



    





      


      
        Functions


        


  
    
      
    
    
      variant_array_length(variant)


        (macro)


        
          
        

    

  


  

Builds variant_array_length(variant), or variant_array_length(variant, key).

  



  
    
      
    
    
      variant_array_length(variant, key)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      variant_contains(haystack, needle)


        (macro)


        
          
        

    

  


  

Builds variant_contains(haystack, needle); the needle is cast to VARIANT.

  



  
    
      
    
    
      variant_extract(variant, path)


        (macro)


        
          
        

    

  


  

Builds variant_extract(variant, key), which returns a VARIANT. Pass a list
to extract along a path.

  



  
    
      
    
    
      variant_extract_string(variant, key)


        (macro)


        
          
        

    

  


  

Builds variant_extract_string(variant, key), the field rendered as text.

  



  
    
      
    
    
      variant_keys(variant)


        (macro)


        
          
        

    

  


  

Builds variant_keys(variant), or variant_keys(variant, key) for a nested object.

  



  
    
      
    
    
      variant_keys(variant, key)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      variant_type(variant)


        (macro)


        
          
        

    

  


  

Builds variant_type(variant), the VARIANT type name such as "OBJECT",
"ARRAY", or "INT64", or variant_type(variant, key) for a field.

  



  
    
      
    
    
      variant_type(variant, key)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      variant_typeof(variant)


        (macro)


        
          
        

    

  


  

Builds variant_typeof(variant), the DuckDB type the value would have unwrapped.

  


        

      


  

    
QuackDB.Ecto.WindowFrames 
    



      
DuckDB window-frame helpers for Ecto queries.
Ecto versions before the release containing
ecto#4730 only accept literal
fragment(...) calls in a window :frame option. These helpers are ready for
that Ecto release; until your project depends on it, use the generated SQL
shape directly:
frame: fragment("ROWS BETWEEN 6 PRECEDING AND CURRENT ROW")
Once macro-expanded frames are available in your Ecto version, helpers can be
used as:
frame: rows_between({:preceding, 6}, :current_row)
frame: range_between(:unbounded_preceding, {:following, 1})

      


      
        Summary


  
    Functions
  


    
      
        groups_between(start_bound, end_bound)

      


        Builds a GROUPS BETWEEN ... AND ... window frame fragment.



    


    
      
        range_between(start_bound, end_bound)

      


        Builds a RANGE BETWEEN ... AND ... window frame fragment.



    


    
      
        rows_between(start_bound, end_bound)

      


        Builds a ROWS BETWEEN ... AND ... window frame fragment.



    





      


      
        Functions


        


  
    
      
    
    
      groups_between(start_bound, end_bound)


        (macro)


        
          
        

    

  


  

Builds a GROUPS BETWEEN ... AND ... window frame fragment.

  



  
    
      
    
    
      range_between(start_bound, end_bound)


        (macro)


        
          
        

    

  


  

Builds a RANGE BETWEEN ... AND ... window frame fragment.

  



  
    
      
    
    
      rows_between(start_bound, end_bound)


        (macro)


        
          
        

    

  


  

Builds a ROWS BETWEEN ... AND ... window frame fragment.

  


        

      


  

    
QuackDB.Explorer 
    



      
Optional Explorer integration for QuackDB results.
This module requires the optional :explorer dependency at runtime. It materializes
QuackDB query results in Elixir and then builds an Explorer.DataFrame.
It is not a zero-copy Arrow IPC path.

      


      
        Summary


  
    Types
  


    
      
        dataframe_option()

      


    


    
      
        insert_dataframe_option()

      


    





  
    Functions
  


    
      
        dataframe(connection, statement_or_query, params \\ [], options \\ [])

      


        Runs a QuackDB query and returns an Explorer.DataFrame.



    


    
      
        dataframe!(connection, statement, params \\ [], options \\ [])

      


        Runs a QuackDB query and returns an Explorer.DataFrame, raising on error.



    


    
      
        from_columns(columns, options \\ [])

      


        Converts a QuackDB.Columns struct into an Explorer.DataFrame.



    


    
      
        from_columns!(columns, options \\ [])

      


        Converts a QuackDB.Columns struct into an Explorer.DataFrame, raising on error.



    


    
      
        from_result(result, options \\ [])

      


        Converts a QuackDB.Result into an Explorer.DataFrame.



    


    
      
        from_result!(result, options \\ [])

      


        Converts a QuackDB.Result into an Explorer.DataFrame, raising on error.



    


    
      
        insert_dataframe(connection, table, dataframe, options \\ [])

      


        Appends an Explorer.DataFrame to a DuckDB table by streaming binary vectors into an INSERT.



    


    
      
        insert_dataframe!(connection, table, dataframe, options \\ [])

      


        Appends an Explorer.DataFrame to a DuckDB table, raising on error.



    





      


      
        Types


        


  
    
      
    
    
      dataframe_option()



        
          
        

    

  


  

      

          @type dataframe_option() :: {:dataframe, Keyword.t()} | {:query, Keyword.t()}


      



  



  
    
      
    
    
      insert_dataframe_option()



        
          
        

    

  


  

      

          @type insert_dataframe_option() ::
  {:columns, list()} | {:batch_size, pos_integer()} | {:schema, String.t()}


      



  


        

      

      
        Functions


        


    

    

  
    
      
    
    
      dataframe(connection, statement_or_query, params \\ [], options \\ [])



        
          
        

    

  


  

      

          @spec dataframe(DBConnection.conn(), iodata() | term(), [term()] | Keyword.t(), [
  dataframe_option()
]) ::
  {:ok, Explorer.DataFrame.t()} | {:error, Exception.t()}


      


Runs a QuackDB query and returns an Explorer.DataFrame.
The query can be raw SQL iodata or an Ecto query. Use :query to pass
QuackDB query options and :dataframe to pass options to
Explorer.DataFrame.new/2.

  



    

    

  
    
      
    
    
      dataframe!(connection, statement, params \\ [], options \\ [])



        
          
        

    

  


  

      

          @spec dataframe!(DBConnection.conn(), iodata(), [term()], [dataframe_option()]) ::
  Explorer.DataFrame.t()


      


Runs a QuackDB query and returns an Explorer.DataFrame, raising on error.

  



    

  
    
      
    
    
      from_columns(columns, options \\ [])



        
          
        

    

  


  

      

          @spec from_columns(QuackDB.Columns.t(), Keyword.t()) ::
  {:ok, Explorer.DataFrame.t()} | {:error, Exception.t()}


      


Converts a QuackDB.Columns struct into an Explorer.DataFrame.
Options are passed to Explorer.DataFrame.new/2.

  



    

  
    
      
    
    
      from_columns!(columns, options \\ [])



        
          
        

    

  


  

      

          @spec from_columns!(QuackDB.Columns.t(), Keyword.t()) :: Explorer.DataFrame.t()


      


Converts a QuackDB.Columns struct into an Explorer.DataFrame, raising on error.

  



    

  
    
      
    
    
      from_result(result, options \\ [])



        
          
        

    

  


  

      

          @spec from_result(QuackDB.Result.t(), Keyword.t()) ::
  {:ok, Explorer.DataFrame.t()} | {:error, Exception.t()}


      


Converts a QuackDB.Result into an Explorer.DataFrame.

  



    

  
    
      
    
    
      from_result!(result, options \\ [])



        
          
        

    

  


  

      

          @spec from_result!(QuackDB.Result.t(), Keyword.t()) :: Explorer.DataFrame.t()


      


Converts a QuackDB.Result into an Explorer.DataFrame, raising on error.

  



    

  
    
      
    
    
      insert_dataframe(connection, table, dataframe, options \\ [])



        
          
        

    

  


  

      

          @spec insert_dataframe(
  DBConnection.conn(),
  String.t() | atom(),
  Explorer.DataFrame.t(),
  Keyword.t()
) ::
  {:ok, QuackDB.Result.t()} | {:error, Exception.t()}


      


Appends an Explorer.DataFrame to a DuckDB table by streaming binary vectors into an INSERT.
This uses QuackDB.insert_columns/4 to preserve Explorer's columnar shape and
avoid row materialization. Pass :columns to override inferred DuckDB types.
:batch_size and :schema are forwarded to QuackDB.insert_columns/4.

  



    

  
    
      
    
    
      insert_dataframe!(connection, table, dataframe, options \\ [])



        
          
        

    

  


  

      

          @spec insert_dataframe!(
  DBConnection.conn(),
  String.t() | atom(),
  Explorer.DataFrame.t(),
  Keyword.t()
) ::
  QuackDB.Result.t()


      


Appends an Explorer.DataFrame to a DuckDB table, raising on error.

  


        

      


  

    
QuackDB.Extension 
    



      
SQL builders for DuckDB extension management.
These helpers build INSTALL and LOAD statements while validating extension
names as SQL identifiers. They return iodata so they can be passed directly to
QuackDB.query/4, QuackDB.query!/4, or Repo.query/3.
alias QuackDB.Extension

QuackDB.query!(conn, Extension.install(:httpfs))
QuackDB.query!(conn, Extension.load(:httpfs))
QuackDB.SQL.install/1 and QuackDB.SQL.load/1 remain available as the
lower-level generic SQL helpers.

      


      
        Summary


  
    Functions
  


    
      
        install(extension)

      


        Builds an INSTALL extension; statement.



    


    
      
        load(extension)

      


        Builds a LOAD extension; statement.



    





      


      
        Functions


        


  
    
      
    
    
      install(extension)



        
          
        

    

  


  

      

          @spec install(atom() | String.t()) :: iodata()


      


Builds an INSTALL extension; statement.

  



  
    
      
    
    
      load(extension)



        
          
        

    

  


  

      

          @spec load(atom() | String.t()) :: iodata()


      


Builds a LOAD extension; statement.

  


        

      


  

    
QuackDB.FTS 
    



      
SQL helpers for DuckDB's full-text search extension.
These helpers return iodata for DuckDB FTS statements and expressions. DuckDB
autoloads the fts extension on first use in many configurations, but you can
install/load it explicitly:
alias QuackDB.FTS

QuackDB.query!(conn, FTS.install())
QuackDB.query!(conn, FTS.load())
QuackDB.query!(conn, FTS.create_index("documents", :id, [:title, :body]))

score = FTS.match_bm25(~s|"id"|, "duckdb analytics", schema: FTS.schema_name("main.documents"))
QuackDB.query!(conn, ["SELECT id, ", score, " AS score FROM documents ORDER BY score DESC"])
bm25/3 and search_score/3 are aliases for match_bm25/3. Use stem/2
for DuckDB's stemming helper.

      


      
        Summary


  
    Types
  


    
      
        create_option()

      


    


    
      
        match_option()

      


    





  
    Functions
  


    
      
        bm25(id_expression, query, options \\ [])

      


        Alias for match_bm25/3.



    


    
      
        create_index(table, id_column, columns, options \\ [])

      


        Builds PRAGMA create_fts_index(...).



    


    
      
        drop_index(table)

      


        Builds PRAGMA drop_fts_index(...).



    


    
      
        install()

      


        Builds an INSTALL fts; statement.



    


    
      
        load()

      


        Builds a LOAD fts; statement.



    


    
      
        match_bm25(id_expression, query, options \\ [])

      


        Builds match_bm25(id, query, ...).



    


    
      
        schema_name(table)

      


        Returns DuckDB's generated FTS schema name for a table.



    


    
      
        search_score(id_expression, query, options \\ [])

      


        Alias for match_bm25/3 when using the expression as a score/rank.



    


    
      
        stem(text_expression, stemmer \\ :porter)

      


        Builds stem(text, stemmer).



    





      


      
        Types


        


  
    
      
    
    
      create_option()



        
          
        

    

  


  

      

          @type create_option() ::
  {:stemmer, atom() | String.t()}
  | {:stopwords, atom() | String.t()}
  | {:ignore, String.t()}
  | {:strip_accents, boolean()}
  | {:lower, boolean()}
  | {:overwrite, boolean()}


      



  



  
    
      
    
    
      match_option()



        
          
        

    

  


  

      

          @type match_option() ::
  {:fields, [atom() | String.t()] | atom() | String.t()}
  | {:k, number()}
  | {:b, number()}
  | {:conjunctive, boolean()}
  | {:schema, atom() | String.t()}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      bm25(id_expression, query, options \\ [])



        
          
        

    

  


  

      

          @spec bm25(iodata(), String.t(), [match_option()]) :: iodata()


      


Alias for match_bm25/3.

  



    

  
    
      
    
    
      create_index(table, id_column, columns, options \\ [])



        
          
        

    

  


  

      

          @spec create_index(
  atom() | String.t(),
  atom() | String.t(),
  [atom() | String.t()] | :all,
  [
    create_option()
  ]
) :: iodata()


      


Builds PRAGMA create_fts_index(...).

  



  
    
      
    
    
      drop_index(table)



        
          
        

    

  


  

      

          @spec drop_index(atom() | String.t()) :: iodata()


      


Builds PRAGMA drop_fts_index(...).

  



  
    
      
    
    
      install()



        
          
        

    

  


  

      

          @spec install() :: iodata()


      


Builds an INSTALL fts; statement.

  



  
    
      
    
    
      load()



        
          
        

    

  


  

      

          @spec load() :: iodata()


      


Builds a LOAD fts; statement.

  



    

  
    
      
    
    
      match_bm25(id_expression, query, options \\ [])



        
          
        

    

  


  

      

          @spec match_bm25(iodata(), String.t(), [match_option()]) :: iodata()


      


Builds match_bm25(id, query, ...).

  



  
    
      
    
    
      schema_name(table)



        
          
        

    

  


  

      

          @spec schema_name(atom() | String.t()) :: String.t()


      


Returns DuckDB's generated FTS schema name for a table.
DuckDB names the schema after the fully qualified table, so an unqualified
table resolves to main the same way create_index/4 does:
"documents" and "main.documents" both give "fts_main_documents".

  



    

  
    
      
    
    
      search_score(id_expression, query, options \\ [])



        
          
        

    

  


  

      

          @spec search_score(iodata(), String.t(), [match_option()]) :: iodata()


      


Alias for match_bm25/3 when using the expression as a score/rank.

  



    

  
    
      
    
    
      stem(text_expression, stemmer \\ :porter)



        
          
        

    

  


  

      

          @spec stem(iodata(), atom() | String.t()) :: iodata()


      


Builds stem(text, stemmer).

  


        

      


  

    
QuackDB.Geometry 
    



      
Helpers for DuckDB spatial GEOMETRY values.
DuckDB GEOMETRY values decode from Quack as WKB-compatible binaries. When
the optional :geo package is installed, this module can convert those
binaries to and from Geo structs.

      


      
        Summary


  
    Functions
  


    
      
        decode_wkb(wkb)

      


        Decodes WKB-compatible geometry bytes into a Geo struct.



    


    
      
        decode_wkb!(wkb)

      


        Decodes WKB-compatible geometry bytes into a Geo struct or raises.



    


    
      
        encode_wkb!(geometry)

      


        Encodes a Geo struct into WKB bytes accepted by DuckDB spatial functions.



    


    
      
        from_geo!(geometry)

      


        Alias for encode_wkb!/1.



    


    
      
        to_geo(wkb)

      


        Alias for decode_wkb/1.



    


    
      
        to_geo!(wkb)

      


        Alias for decode_wkb!/1.



    





      


      
        Functions


        


  
    
      
    
    
      decode_wkb(wkb)



        
          
        

    

  


  

      

          @spec decode_wkb(binary()) :: {:ok, struct()} | {:error, term()}


      


Decodes WKB-compatible geometry bytes into a Geo struct.

  



  
    
      
    
    
      decode_wkb!(wkb)



        
          
        

    

  


  

      

          @spec decode_wkb!(binary()) :: struct()


      


Decodes WKB-compatible geometry bytes into a Geo struct or raises.

  



  
    
      
    
    
      encode_wkb!(geometry)



        
          
        

    

  


  

      

          @spec encode_wkb!(struct()) :: binary()


      


Encodes a Geo struct into WKB bytes accepted by DuckDB spatial functions.

  



  
    
      
    
    
      from_geo!(geometry)



        
          
        

    

  


  

      

          @spec from_geo!(struct()) :: binary()


      


Alias for encode_wkb!/1.

  



  
    
      
    
    
      to_geo(wkb)



        
          
        

    

  


  

      

          @spec to_geo(binary()) :: {:ok, struct()} | {:error, term()}


      


Alias for decode_wkb/1.

  



  
    
      
    
    
      to_geo!(wkb)



        
          
        

    

  


  

      

          @spec to_geo!(binary()) :: struct()


      


Alias for decode_wkb!/1.

  


        

      


  

    
QuackDB.Interval 
    



      
DuckDB interval value preserving month, day, and microsecond components.
DuckDB stores intervals as three independent components instead of a single
duration because months and days do not have fixed microsecond lengths.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(months \\ 0, days \\ 0, microseconds \\ 0)

      


        Builds a DuckDB interval value.



    


    
      
        to_tuple(interval)

      


        Returns the interval as {months, days, microseconds}.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuackDB.Interval{
  days: integer(),
  microseconds: integer(),
  months: integer()
}


      



  


        

      

      
        Functions


        


    

    

    

  
    
      
    
    
      new(months \\ 0, days \\ 0, microseconds \\ 0)



        
          
        

    

  


  

      

          @spec new(integer(), integer(), integer()) :: t()


      


Builds a DuckDB interval value.

  



  
    
      
    
    
      to_tuple(interval)



        
          
        

    

  


  

      

          @spec to_tuple(t()) :: {integer(), integer(), integer()}


      


Returns the interval as {months, days, microseconds}.

  


        

      


  

    
QuackDB.List 
    



      
SQL expression helpers for DuckDB LIST/ARRAY values.
These helpers return iodata and map directly to DuckDB list functions. They are
intentionally small building blocks for larger query modules.

      


      
        Summary


  
    Functions
  


    
      
        append(list_expression, value_expression)

      


        Builds list_append(list, value).



    


    
      
        concat(left_expression, right_expression)

      


        Builds list_concat(left, right).



    


    
      
        contains(list_expression, value_expression)

      


        Builds list_contains(list, value).



    


    
      
        distinct(list_expression)

      


        Builds list_distinct(list).



    


    
      
        extract(list_expression, index_expression)

      


        Builds list_extract(list, index). DuckDB list indexes are 1-based.



    


    
      
        has_all(left_expression, right_expression)

      


        Builds list_has_all(left, right).



    


    
      
        has_any(left_expression, right_expression)

      


        Builds list_has_any(left, right).



    


    
      
        intersect(left_expression, right_expression)

      


        Builds list_intersect(left, right).



    


    
      
        length(list_expression)

      


        Builds len(list).



    


    
      
        position(list_expression, value_expression)

      


        Builds list_position(list, value).



    


    
      
        prepend(value_expression, list_expression)

      


        Builds list_prepend(value, list).



    


    
      
        reverse_sort(list_expression)

      


        Builds list_reverse_sort(list).



    


    
      
        slice(list_expression, begin_expression, end_expression)

      


        Builds list_slice(list, begin, end).



    


    
      
        slice(list_expression, begin_expression, end_expression, step_expression)

      


        Builds list_slice(list, begin, end, step).



    


    
      
        sort(list_expression)

      


        Builds list_sort(list).



    


    
      
        unique(list_expression)

      


        Builds list_unique(list).



    


    
      
        unnest(list_expression)

      


        Builds unnest(list).



    





      


      
        Functions


        


  
    
      
    
    
      append(list_expression, value_expression)



        
          
        

    

  


  

      

          @spec append(iodata(), iodata()) :: iodata()


      


Builds list_append(list, value).

  



  
    
      
    
    
      concat(left_expression, right_expression)



        
          
        

    

  


  

      

          @spec concat(iodata(), iodata()) :: iodata()


      


Builds list_concat(left, right).

  



  
    
      
    
    
      contains(list_expression, value_expression)



        
          
        

    

  


  

      

          @spec contains(iodata(), iodata()) :: iodata()


      


Builds list_contains(list, value).

  



  
    
      
    
    
      distinct(list_expression)



        
          
        

    

  


  

      

          @spec distinct(iodata()) :: iodata()


      


Builds list_distinct(list).

  



  
    
      
    
    
      extract(list_expression, index_expression)



        
          
        

    

  


  

      

          @spec extract(iodata(), iodata()) :: iodata()


      


Builds list_extract(list, index). DuckDB list indexes are 1-based.

  



  
    
      
    
    
      has_all(left_expression, right_expression)



        
          
        

    

  


  

      

          @spec has_all(iodata(), iodata()) :: iodata()


      


Builds list_has_all(left, right).

  



  
    
      
    
    
      has_any(left_expression, right_expression)



        
          
        

    

  


  

      

          @spec has_any(iodata(), iodata()) :: iodata()


      


Builds list_has_any(left, right).

  



  
    
      
    
    
      intersect(left_expression, right_expression)



        
          
        

    

  


  

      

          @spec intersect(iodata(), iodata()) :: iodata()


      


Builds list_intersect(left, right).

  



  
    
      
    
    
      length(list_expression)



        
          
        

    

  


  

      

          @spec length(iodata()) :: iodata()


      


Builds len(list).

  



  
    
      
    
    
      position(list_expression, value_expression)



        
          
        

    

  


  

      

          @spec position(iodata(), iodata()) :: iodata()


      


Builds list_position(list, value).

  



  
    
      
    
    
      prepend(value_expression, list_expression)



        
          
        

    

  


  

      

          @spec prepend(iodata(), iodata()) :: iodata()


      


Builds list_prepend(value, list).

  



  
    
      
    
    
      reverse_sort(list_expression)



        
          
        

    

  


  

      

          @spec reverse_sort(iodata()) :: iodata()


      


Builds list_reverse_sort(list).

  



  
    
      
    
    
      slice(list_expression, begin_expression, end_expression)



        
          
        

    

  


  

      

          @spec slice(iodata(), iodata(), iodata()) :: iodata()


      


Builds list_slice(list, begin, end).

  



  
    
      
    
    
      slice(list_expression, begin_expression, end_expression, step_expression)



        
          
        

    

  


  

      

          @spec slice(iodata(), iodata(), iodata(), iodata()) :: iodata()


      


Builds list_slice(list, begin, end, step).

  



  
    
      
    
    
      sort(list_expression)



        
          
        

    

  


  

      

          @spec sort(iodata()) :: iodata()


      


Builds list_sort(list).

  



  
    
      
    
    
      unique(list_expression)



        
          
        

    

  


  

      

          @spec unique(iodata()) :: iodata()


      


Builds list_unique(list).

  



  
    
      
    
    
      unnest(list_expression)



        
          
        

    

  


  

      

          @spec unnest(iodata()) :: iodata()


      


Builds unnest(list).

  


        

      


  

    
QuackDB.Map 
    



      
SQL expression helpers for DuckDB MAP values.
These helpers return iodata and map directly to DuckDB map functions.

      


      
        Summary


  
    Functions
  


    
      
        cardinality(map_expression)

      


        Builds cardinality(map).



    


    
      
        concat(left_expression, right_expression)

      


        Builds map_concat(left, right).



    


    
      
        contains(map_expression, key_expression)

      


        Builds map_contains(map, key).



    


    
      
        contains_entry(map_expression, key_expression, value_expression)

      


        Builds map_contains_entry(map, key, value).



    


    
      
        contains_value(map_expression, value_expression)

      


        Builds map_contains_value(map, value).



    


    
      
        entries(map_expression)

      


        Builds map_entries(map).



    


    
      
        extract(map_expression, key_expression)

      


        Builds map_extract(map, key).



    


    
      
        extract_value(map_expression, key_expression)

      


        Builds map_extract_value(map, key).



    


    
      
        keys(map_expression)

      


        Builds map_keys(map).



    


    
      
        values(map_expression)

      


        Builds map_values(map).



    





      


      
        Functions


        


  
    
      
    
    
      cardinality(map_expression)



        
          
        

    

  


  

      

          @spec cardinality(iodata()) :: iodata()


      


Builds cardinality(map).

  



  
    
      
    
    
      concat(left_expression, right_expression)



        
          
        

    

  


  

      

          @spec concat(iodata(), iodata()) :: iodata()


      


Builds map_concat(left, right).

  



  
    
      
    
    
      contains(map_expression, key_expression)



        
          
        

    

  


  

      

          @spec contains(iodata(), iodata()) :: iodata()


      


Builds map_contains(map, key).

  



  
    
      
    
    
      contains_entry(map_expression, key_expression, value_expression)



        
          
        

    

  


  

      

          @spec contains_entry(iodata(), iodata(), iodata()) :: iodata()


      


Builds map_contains_entry(map, key, value).

  



  
    
      
    
    
      contains_value(map_expression, value_expression)



        
          
        

    

  


  

      

          @spec contains_value(iodata(), iodata()) :: iodata()


      


Builds map_contains_value(map, value).

  



  
    
      
    
    
      entries(map_expression)



        
          
        

    

  


  

      

          @spec entries(iodata()) :: iodata()


      


Builds map_entries(map).

  



  
    
      
    
    
      extract(map_expression, key_expression)



        
          
        

    

  


  

      

          @spec extract(iodata(), iodata()) :: iodata()


      


Builds map_extract(map, key).

  



  
    
      
    
    
      extract_value(map_expression, key_expression)



        
          
        

    

  


  

      

          @spec extract_value(iodata(), iodata()) :: iodata()


      


Builds map_extract_value(map, key).

  



  
    
      
    
    
      keys(map_expression)



        
          
        

    

  


  

      

          @spec keys(iodata()) :: iodata()


      


Builds map_keys(map).

  



  
    
      
    
    
      values(map_expression)



        
          
        

    

  


  

      

          @spec values(iodata()) :: iodata()


      


Builds map_values(map).

  


        

      


  

    
QuackDB.Meta 
    



      
DuckDB catalog and metadata helpers.
These functions wrap DuckDB's logical metadata pragmas and table functions.
They accept either a QuackDB connection or a QuackDB-backed Ecto repo. Table
arguments may be schema modules, atoms, strings, or {prefix, source} tuples.

      


      
        Summary


  
    Types
  


    
      
        source()

      


    





  
    Functions
  


    
      
        column_defaults(connection, source, options \\ [])

      


        Returns column defaults for a table as a map keyed by column name.



    


    
      
        column_defaults!(connection, source, options \\ [])

      


        Returns column defaults for a table, raising on errors.



    


    
      
        databases(connection, options \\ [])

      


        Lists attached DuckDB databases.



    


    
      
        databases!(connection, options \\ [])

      


        Lists attached DuckDB databases, raising on errors.



    


    
      
        primary_keys(connection, source, options \\ [])

      


        Returns primary-key columns for a table.



    


    
      
        primary_keys!(connection, source, options \\ [])

      


        Returns primary-key columns for a table, raising on errors.



    


    
      
        table_info(connection, source, options \\ [])

      


        Returns logical column metadata for a table.



    


    
      
        table_info!(connection, source, options \\ [])

      


        Returns logical column metadata for a table, raising on errors.



    


    
      
        tables(connection, options \\ [])

      


        Lists tables visible to the current DuckDB connection.



    


    
      
        tables!(connection, options \\ [])

      


        Lists tables visible to the current DuckDB connection, raising on errors.



    





      


      
        Types


        


  
    
      
    
    
      source()



        
          
        

    

  


  

      

          @type source() ::
  module() | atom() | String.t() | {atom() | String.t(), atom() | String.t()}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      column_defaults(connection, source, options \\ [])



        
          
        

    

  


  

      

          @spec column_defaults(DBConnection.conn() | module(), source(), keyword()) ::
  {:ok, %{required(String.t()) => String.t()}} | {:error, Exception.t()}


      


Returns column defaults for a table as a map keyed by column name.

  



    

  
    
      
    
    
      column_defaults!(connection, source, options \\ [])



        
          
        

    

  


  

      

          @spec column_defaults!(DBConnection.conn() | module(), source(), keyword()) :: %{
  required(String.t()) => String.t()
}


      


Returns column defaults for a table, raising on errors.

  



    

  
    
      
    
    
      databases(connection, options \\ [])



        
          
        

    

  


  

      

          @spec databases(
  DBConnection.conn() | module(),
  keyword()
) :: {:ok, [QuackDB.Meta.Database.t()]} | {:error, Exception.t()}


      


Lists attached DuckDB databases.

  



    

  
    
      
    
    
      databases!(connection, options \\ [])



        
          
        

    

  


  

      

          @spec databases!(
  DBConnection.conn() | module(),
  keyword()
) :: [QuackDB.Meta.Database.t()]


      


Lists attached DuckDB databases, raising on errors.

  



    

  
    
      
    
    
      primary_keys(connection, source, options \\ [])



        
          
        

    

  


  

      

          @spec primary_keys(DBConnection.conn() | module(), source(), keyword()) ::
  {:ok, [QuackDB.Meta.Column.t()]} | {:error, Exception.t()}


      


Returns primary-key columns for a table.

  



    

  
    
      
    
    
      primary_keys!(connection, source, options \\ [])



        
          
        

    

  


  

      

          @spec primary_keys!(DBConnection.conn() | module(), source(), keyword()) :: [
  QuackDB.Meta.Column.t()
]


      


Returns primary-key columns for a table, raising on errors.

  



    

  
    
      
    
    
      table_info(connection, source, options \\ [])



        
          
        

    

  


  

      

          @spec table_info(DBConnection.conn() | module(), source(), keyword()) ::
  {:ok, [QuackDB.Meta.Column.t()]} | {:error, Exception.t()}


      


Returns logical column metadata for a table.

  



    

  
    
      
    
    
      table_info!(connection, source, options \\ [])



        
          
        

    

  


  

      

          @spec table_info!(DBConnection.conn() | module(), source(), keyword()) :: [
  QuackDB.Meta.Column.t()
]


      


Returns logical column metadata for a table, raising on errors.

  



    

  
    
      
    
    
      tables(connection, options \\ [])



        
          
        

    

  


  

      

          @spec tables(
  DBConnection.conn() | module(),
  keyword()
) :: {:ok, [QuackDB.Meta.Table.t()]} | {:error, Exception.t()}


      


Lists tables visible to the current DuckDB connection.

  



    

  
    
      
    
    
      tables!(connection, options \\ [])



        
          
        

    

  


  

      

          @spec tables!(
  DBConnection.conn() | module(),
  keyword()
) :: [QuackDB.Meta.Table.t()]


      


Lists tables visible to the current DuckDB connection, raising on errors.

  


        

      


  

    
QuackDB.Meta.Column 
    



      
A row from DuckDB's pragma_table_info table function.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuackDB.Meta.Column{
  cid: integer() | nil,
  dflt_value: String.t() | nil,
  name: String.t() | nil,
  notnull: boolean() | nil,
  pk: boolean() | nil,
  type: String.t() | nil
}


      



  


        

      


  

    
QuackDB.Meta.Database 
    



      
A row from DuckDB's PRAGMA database_list.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuackDB.Meta.Database{
  file: String.t() | nil,
  name: String.t() | nil,
  seq: integer() | nil
}


      



  


        

      


  

    
QuackDB.Meta.Table 
    



      
A row from DuckDB's table listing pragmas.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuackDB.Meta.Table{
  column_names: [String.t()] | nil,
  column_types: [String.t()] | nil,
  database: String.t() | nil,
  name: String.t() | nil,
  schema: String.t() | nil,
  temporary: boolean() | nil
}


      



  


        

      


  

    
QuackDB.NanosecondTime 
    



      
DuckDB TIME_NS value stored as nanoseconds since midnight.
Elixir's Time type stores microseconds, so this struct preserves DuckDB's
nanosecond precision while still offering conversion to a truncated Time.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_time(time)

      


        Builds a TIME_NS value from an Elixir Time.



    


    
      
        new(nanoseconds)

      


        Builds a TIME_NS value from nanoseconds since midnight.



    


    
      
        to_integer(nanosecond_time)

      


        Returns the stored nanoseconds since midnight.



    


    
      
        to_time(nanosecond_time)

      


        Converts to an Elixir Time, truncating sub-microsecond precision.



    


    
      
        valid?(nanosecond_time)

      


        Returns true when the value is in DuckDB's time-of-day range.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuackDB.NanosecondTime{nanoseconds: integer()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from_time(time)



        
          
        

    

  


  

      

          @spec from_time(Time.t()) :: t()


      


Builds a TIME_NS value from an Elixir Time.

  



  
    
      
    
    
      new(nanoseconds)



        
          
        

    

  


  

      

          @spec new(integer()) :: t()


      


Builds a TIME_NS value from nanoseconds since midnight.

  



  
    
      
    
    
      to_integer(nanosecond_time)



        
          
        

    

  


  

      

          @spec to_integer(t()) :: integer()


      


Returns the stored nanoseconds since midnight.

  



  
    
      
    
    
      to_time(nanosecond_time)



        
          
        

    

  


  

      

          @spec to_time(t()) :: Time.t()


      


Converts to an Elixir Time, truncating sub-microsecond precision.

  



  
    
      
    
    
      valid?(nanosecond_time)



        
          
        

    

  


  

      

          @spec valid?(t()) :: boolean()


      


Returns true when the value is in DuckDB's time-of-day range.

  


        

      


  

    
QuackDB.NanosecondTimestamp 
    



      
DuckDB TIMESTAMP_NS value stored as nanoseconds since the Unix epoch.
Elixir's NaiveDateTime type stores microseconds, so this struct preserves
DuckDB's nanosecond precision while offering conversion to a truncated
NaiveDateTime.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_naive_datetime(value)

      


        Builds a TIMESTAMP_NS value from an Elixir NaiveDateTime.



    


    
      
        new(nanoseconds)

      


        Builds a TIMESTAMP_NS value from nanoseconds since the Unix epoch.



    


    
      
        to_integer(nanosecond_timestamp)

      


        Returns the stored nanoseconds since the Unix epoch.



    


    
      
        to_naive_datetime(nanosecond_timestamp)

      


        Converts to an Elixir NaiveDateTime, truncating sub-microsecond precision.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuackDB.NanosecondTimestamp{nanoseconds: integer()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from_naive_datetime(value)



        
          
        

    

  


  

      

          @spec from_naive_datetime(NaiveDateTime.t()) :: t()


      


Builds a TIMESTAMP_NS value from an Elixir NaiveDateTime.

  



  
    
      
    
    
      new(nanoseconds)



        
          
        

    

  


  

      

          @spec new(integer()) :: t()


      


Builds a TIMESTAMP_NS value from nanoseconds since the Unix epoch.

  



  
    
      
    
    
      to_integer(nanosecond_timestamp)



        
          
        

    

  


  

      

          @spec to_integer(t()) :: integer()


      


Returns the stored nanoseconds since the Unix epoch.

  



  
    
      
    
    
      to_naive_datetime(nanosecond_timestamp)



        
          
        

    

  


  

      

          @spec to_naive_datetime(t()) :: NaiveDateTime.t()


      


Converts to an Elixir NaiveDateTime, truncating sub-microsecond precision.

  


        

      


  

    
QuackDB.Profile 
    



      
DuckDB query profiling helpers.
analyze/4 runs EXPLAIN (ANALYZE, FORMAT json) and decodes DuckDB's
profile into typed structs using JSONCodec, grouped the way DuckDB 2.0
reports them: query, parser, planner, physical_planner, optimizer,
io, system, and the operators tree. explain/4 returns the plan tree
only. DuckDB's open-ended extra_info maps and optimizer metric names
retain string keys.
Use flatten/1, slowest/2, and report/2 when you want a profiler-style
operator view.

      


      
        Summary


  
    Types
  


    
      
        operator_row()

      


        A flattened DuckDB operator row with its tree path and timing share.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        analyze(connection, statement, params \\ [], options \\ [])

      


        Runs EXPLAIN (ANALYZE, FORMAT json) and returns a decoded DuckDB query profile.



    


    
      
        analyze!(connection, statement, params \\ [], options \\ [])

      


        Runs EXPLAIN (ANALYZE, FORMAT json) and returns a decoded DuckDB query profile, raising on errors.



    


    
      
        decode(json)

      


        Decodes a JSON string into this struct.



    


    
      
        decode!(json)

      


        Decodes a JSON string into this struct, raising on failure.



    


    
      
        dump(struct)

      


        Dumps this struct into JSON-shaped data, respecting JSON field names.



    


    
      
        explain(connection, statement, params \\ [], options \\ [])

      


        Runs EXPLAIN (FORMAT json) and returns a decoded DuckDB plan profile.



    


    
      
        explain!(connection, statement, params \\ [], options \\ [])

      


        Runs EXPLAIN (FORMAT json) and returns a decoded DuckDB plan profile, raising on errors.



    


    
      
        flatten(profile)

      


        Converts DuckDB's profile tree into profiler-style operator rows.



    


    
      
        from_map(map)

      


        Builds this struct from a decoded JSON map.



    


    
      
        from_map!(map)

      


        Builds this struct from a decoded JSON map, raising on failure.



    


    
      
        report(profile, options \\ [])

      


        Formats a compact text report for humans.



    


    
      
        schema()

      


        Returns a JSON Schema-compatible schema map.



    


    
      
        slowest(profile, limit \\ 10)

      


        Returns the slowest operators by timing.



    





      


      
        Types


        


  
    
      
    
    
      operator_row()



        
          
        

    

  


  

      

          @type operator_row() :: %{
  path: [non_neg_integer()],
  name: String.t() | nil,
  type: String.t() | nil,
  timing: number() | nil,
  timing_percent: float() | nil,
  cardinality: non_neg_integer() | nil,
  rows_scanned: non_neg_integer() | nil,
  size_bytes: non_neg_integer() | nil,
  extra_info: map()
}


      


A flattened DuckDB operator row with its tree path and timing share.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuackDB.Profile{
  io: QuackDB.Profile.IO.t() | nil,
  operators: [QuackDB.Profile.Operator.t()],
  optimizer: %{required(String.t()) => number()},
  parser: QuackDB.Profile.Planner.t() | nil,
  physical_planner: QuackDB.Profile.Planner.t() | nil,
  planner: QuackDB.Profile.Planner.t() | nil,
  query: QuackDB.Profile.Query.t() | nil,
  system: QuackDB.Profile.System.t() | nil
}


      



  


        

      

      
        Functions


        


    

    

  
    
      
    
    
      analyze(connection, statement, params \\ [], options \\ [])



        
          
        

    

  


  

      

          @spec analyze(DBConnection.conn() | module(), iodata() | term(), [term()], keyword()) ::
  {:ok, t()} | {:error, Exception.t()}


      


Runs EXPLAIN (ANALYZE, FORMAT json) and returns a decoded DuckDB query profile.

  



    

    

  
    
      
    
    
      analyze!(connection, statement, params \\ [], options \\ [])



        
          
        

    

  


  

      

          @spec analyze!(DBConnection.conn() | module(), iodata() | term(), [term()], keyword()) ::
  t()


      


Runs EXPLAIN (ANALYZE, FORMAT json) and returns a decoded DuckDB query profile, raising on errors.

  



  
    
      
    
    
      decode(json)



        
          
        

    

  


  

Decodes a JSON string into this struct.

  



  
    
      
    
    
      decode!(json)



        
          
        

    

  


  

Decodes a JSON string into this struct, raising on failure.

  



  
    
      
    
    
      dump(struct)



        
          
        

    

  


  

Dumps this struct into JSON-shaped data, respecting JSON field names.

  



    

    

  
    
      
    
    
      explain(connection, statement, params \\ [], options \\ [])



        
          
        

    

  


  

      

          @spec explain(DBConnection.conn() | module(), iodata() | term(), [term()], keyword()) ::
  {:ok, t()} | {:error, Exception.t()}


      


Runs EXPLAIN (FORMAT json) and returns a decoded DuckDB plan profile.

  



    

    

  
    
      
    
    
      explain!(connection, statement, params \\ [], options \\ [])



        
          
        

    

  


  

      

          @spec explain!(DBConnection.conn() | module(), iodata() | term(), [term()], keyword()) ::
  t()


      


Runs EXPLAIN (FORMAT json) and returns a decoded DuckDB plan profile, raising on errors.

  



  
    
      
    
    
      flatten(profile)



        
          
        

    

  


  

      

          @spec flatten(t()) :: [operator_row()]


      


Converts DuckDB's profile tree into profiler-style operator rows.

  



  
    
      
    
    
      from_map(map)



        
          
        

    

  


  

Builds this struct from a decoded JSON map.

  



  
    
      
    
    
      from_map!(map)



        
          
        

    

  


  

Builds this struct from a decoded JSON map, raising on failure.

  



    

  
    
      
    
    
      report(profile, options \\ [])



        
          
        

    

  


  

      

          @spec report(
  t(),
  keyword()
) :: String.t()


      


Formats a compact text report for humans.

  



  
    
      
    
    
      schema()



        
          
        

    

  


  

Returns a JSON Schema-compatible schema map.

  



    

  
    
      
    
    
      slowest(profile, limit \\ 10)



        
          
        

    

  


  

      

          @spec slowest(t(), pos_integer()) :: [operator_row()]


      


Returns the slowest operators by timing.

  


        

      


  

    
QuackDB.Profile.IO 
    



      
I/O metrics of a DuckDB profile.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(json)

      


        Decodes a JSON string into this struct.



    


    
      
        decode!(json)

      


        Decodes a JSON string into this struct, raising on failure.



    


    
      
        dump(struct)

      


        Dumps this struct into JSON-shaped data, respecting JSON field names.



    


    
      
        from_map(map)

      


        Builds this struct from a decoded JSON map.



    


    
      
        from_map!(map)

      


        Builds this struct from a decoded JSON map, raising on failure.



    


    
      
        schema()

      


        Returns a JSON Schema-compatible schema map.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuackDB.Profile.IO{
  total_bytes_read: non_neg_integer() | nil,
  total_bytes_written: non_neg_integer() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(json)



        
          
        

    

  


  

Decodes a JSON string into this struct.

  



  
    
      
    
    
      decode!(json)



        
          
        

    

  


  

Decodes a JSON string into this struct, raising on failure.

  



  
    
      
    
    
      dump(struct)



        
          
        

    

  


  

Dumps this struct into JSON-shaped data, respecting JSON field names.

  



  
    
      
    
    
      from_map(map)



        
          
        

    

  


  

Builds this struct from a decoded JSON map.

  



  
    
      
    
    
      from_map!(map)



        
          
        

    

  


  

Builds this struct from a decoded JSON map, raising on failure.

  



  
    
      
    
    
      schema()



        
          
        

    

  


  

Returns a JSON Schema-compatible schema map.

  


        

      


  

    
QuackDB.Profile.Operator 
    



      
A DuckDB plan or profiling operator node.
Plans from QuackDB.Profile.explain/4 carry name and extra_info.
Profiles from QuackDB.Profile.analyze/4 also carry the operator type,
its timing in seconds, and row counts.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(json)

      


        Decodes a JSON string into this struct.



    


    
      
        decode!(json)

      


        Decodes a JSON string into this struct, raising on failure.



    


    
      
        dump(struct)

      


        Dumps this struct into JSON-shaped data, respecting JSON field names.



    


    
      
        from_map(map)

      


        Builds this struct from a decoded JSON map.



    


    
      
        from_map!(map)

      


        Builds this struct from a decoded JSON map, raising on failure.



    


    
      
        schema()

      


        Returns a JSON Schema-compatible schema map.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuackDB.Profile.Operator{
  children: [t()],
  extra_info: %{required(String.t()) => term()},
  intermediate_rows: non_neg_integer() | nil,
  intermediate_size_bytes: non_neg_integer() | nil,
  name: String.t() | nil,
  row_groups_scanned: non_neg_integer() | nil,
  rows_scanned: non_neg_integer() | nil,
  timing: number() | nil,
  total_row_groups_to_scan: non_neg_integer() | nil,
  type: String.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(json)



        
          
        

    

  


  

Decodes a JSON string into this struct.

  



  
    
      
    
    
      decode!(json)



        
          
        

    

  


  

Decodes a JSON string into this struct, raising on failure.

  



  
    
      
    
    
      dump(struct)



        
          
        

    

  


  

Dumps this struct into JSON-shaped data, respecting JSON field names.

  



  
    
      
    
    
      from_map(map)



        
          
        

    

  


  

Builds this struct from a decoded JSON map.

  



  
    
      
    
    
      from_map!(map)



        
          
        

    

  


  

Builds this struct from a decoded JSON map, raising on failure.

  



  
    
      
    
    
      schema()



        
          
        

    

  


  

Returns a JSON Schema-compatible schema map.

  


        

      


  

    
QuackDB.Profile.Planner 
    



      
Planner timings of a DuckDB profile, in seconds.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(json)

      


        Decodes a JSON string into this struct.



    


    
      
        decode!(json)

      


        Decodes a JSON string into this struct, raising on failure.



    


    
      
        dump(struct)

      


        Dumps this struct into JSON-shaped data, respecting JSON field names.



    


    
      
        from_map(map)

      


        Builds this struct from a decoded JSON map.



    


    
      
        from_map!(map)

      


        Builds this struct from a decoded JSON map, raising on failure.



    


    
      
        schema()

      


        Returns a JSON Schema-compatible schema map.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuackDB.Profile.Planner{
  binding_time: number() | nil,
  column_binding: number() | nil,
  create_plan: number() | nil,
  resolve_types: number() | nil,
  total_time: number() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(json)



        
          
        

    

  


  

Decodes a JSON string into this struct.

  



  
    
      
    
    
      decode!(json)



        
          
        

    

  


  

Decodes a JSON string into this struct, raising on failure.

  



  
    
      
    
    
      dump(struct)



        
          
        

    

  


  

Dumps this struct into JSON-shaped data, respecting JSON field names.

  



  
    
      
    
    
      from_map(map)



        
          
        

    

  


  

Builds this struct from a decoded JSON map.

  



  
    
      
    
    
      from_map!(map)



        
          
        

    

  


  

Builds this struct from a decoded JSON map, raising on failure.

  



  
    
      
    
    
      schema()



        
          
        

    

  


  

Returns a JSON Schema-compatible schema map.

  


        

      


  

    
QuackDB.Profile.Query 
    



      
Query-level metrics of a DuckDB profile. Times are in seconds.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(json)

      


        Decodes a JSON string into this struct.



    


    
      
        decode!(json)

      


        Decodes a JSON string into this struct, raising on failure.



    


    
      
        dump(struct)

      


        Dumps this struct into JSON-shaped data, respecting JSON field names.



    


    
      
        from_map(map)

      


        Builds this struct from a decoded JSON map.



    


    
      
        from_map!(map)

      


        Builds this struct from a decoded JSON map, raising on failure.



    


    
      
        schema()

      


        Returns a JSON Schema-compatible schema map.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuackDB.Profile.Query{
  cpu_time: number() | nil,
  sql: String.t() | nil,
  total_intermediate_rows: non_neg_integer() | nil,
  total_intermediate_size_bytes: non_neg_integer() | nil,
  total_row_groups_scanned: non_neg_integer() | nil,
  total_row_groups_to_scan: non_neg_integer() | nil,
  total_rows_scanned: non_neg_integer() | nil,
  total_time: number() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(json)



        
          
        

    

  


  

Decodes a JSON string into this struct.

  



  
    
      
    
    
      decode!(json)



        
          
        

    

  


  

Decodes a JSON string into this struct, raising on failure.

  



  
    
      
    
    
      dump(struct)



        
          
        

    

  


  

Dumps this struct into JSON-shaped data, respecting JSON field names.

  



  
    
      
    
    
      from_map(map)



        
          
        

    

  


  

Builds this struct from a decoded JSON map.

  



  
    
      
    
    
      from_map!(map)



        
          
        

    

  


  

Builds this struct from a decoded JSON map, raising on failure.

  



  
    
      
    
    
      schema()



        
          
        

    

  


  

Returns a JSON Schema-compatible schema map.

  


        

      


  

    
QuackDB.Profile.System 
    



      
Memory and scheduling metrics of a DuckDB profile.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(json)

      


        Decodes a JSON string into this struct.



    


    
      
        decode!(json)

      


        Decodes a JSON string into this struct, raising on failure.



    


    
      
        dump(struct)

      


        Dumps this struct into JSON-shaped data, respecting JSON field names.



    


    
      
        from_map(map)

      


        Builds this struct from a decoded JSON map.



    


    
      
        from_map!(map)

      


        Builds this struct from a decoded JSON map, raising on failure.



    


    
      
        schema()

      


        Returns a JSON Schema-compatible schema map.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuackDB.Profile.System{
  blocked_thread_time: number() | nil,
  peak_buffer_memory: non_neg_integer() | nil,
  peak_streaming_buffer_size: non_neg_integer() | nil,
  peak_temp_dir_size: non_neg_integer() | nil,
  total_memory_allocated: non_neg_integer() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(json)



        
          
        

    

  


  

Decodes a JSON string into this struct.

  



  
    
      
    
    
      decode!(json)



        
          
        

    

  


  

Decodes a JSON string into this struct, raising on failure.

  



  
    
      
    
    
      dump(struct)



        
          
        

    

  


  

Dumps this struct into JSON-shaped data, respecting JSON field names.

  



  
    
      
    
    
      from_map(map)



        
          
        

    

  


  

Builds this struct from a decoded JSON map.

  



  
    
      
    
    
      from_map!(map)



        
          
        

    

  


  

Builds this struct from a decoded JSON map, raising on failure.

  



  
    
      
    
    
      schema()



        
          
        

    

  


  

Returns a JSON Schema-compatible schema map.

  


        

      


  

    
QuackDB.Query 
    



      
Query metadata used by the DBConnection driver.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuackDB.Query{
  columns: [String.t()] | nil,
  operation: term() | nil,
  query_uuid: integer() | nil,
  result_types: [term()] | nil,
  statement: iodata()
}


      



  


        

      


  

    
QuackDB.Result 
    



      
Normalized query result.
The shape mirrors what Ecto.Adapters.SQL expects from DBConnection-backed
drivers: rows and num_rows are always present, while columns,
connection_id, messages, and metadata keep Quack-specific result
information available.

      


      
        Summary


  
    Types
  


    
      
        command()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        normalize(result)

      


    


    
      
        to_columnar(result)

      


        Converts a row-oriented result into a QuackDB.Columns struct.



    


    
      
        to_columns(result)

      


        Converts a row-oriented result into a column-oriented map.



    





      


      
        Types


        


  
    
      
    
    
      command()



        
          
        

    

  


  

      

          @type command() ::
  :select
  | :insert
  | :update
  | :delete
  | :create
  | :drop
  | :alter
  | :begin
  | :commit
  | :rollback
  | atom()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuackDB.Result{
  columns: [String.t()] | nil,
  command: command() | nil,
  connection_id: String.t() | nil,
  messages: [map()] | nil,
  metadata: map(),
  num_rows: non_neg_integer(),
  rows: [[term()]] | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      normalize(result)



        
          
        

    

  


  

      

          @spec normalize(t()) :: t()


      



  



  
    
      
    
    
      to_columnar(result)



        
          
        

    

  


  

      

          @spec to_columnar(t()) :: QuackDB.Columns.t()


      


Converts a row-oriented result into a QuackDB.Columns struct.

  



  
    
      
    
    
      to_columns(result)



        
          
        

    

  


  

      

          @spec to_columns(t()) :: %{required(String.t()) => [term()]}


      


Converts a row-oriented result into a column-oriented map.
Duplicate column names are disambiguated with suffixes such as _2 and _3,
matching QuackDB.maps/4.

  


        

      


  

    
QuackDB.SQL 
    



      
Client-side SQL parameter formatting for DuckDB Quack queries.
DuckDB's current Quack protocol request shape does not expose server-side bind
parameters. QuackDB therefore formats positional ? placeholders as DuckDB SQL
literals before sending a PrepareRequest.
The formatter scans SQL and ignores placeholders inside quoted strings and SQL
comments. It supports conservative scalar values and raises QuackDB.Error for
unsupported parameter shapes rather than producing lossy SQL.

      


      
        Summary


  
    Types
  


    
      
        parameter()

      


    





  
    Functions
  


    
      
        call(function, positional_args \\ [], named_args \\ [])

      


        Builds a CALL function(args..., option = value...); statement.



    


    
      
        columns(selector \\ :star, options \\ [])

      


        Builds a DuckDB COLUMNS(...) expression.



    


    
      
        cube(columns)

      


        Builds a DuckDB CUBE (...) grouping expression.



    


    
      
        explain(statement, options \\ [])

      


        Builds an EXPLAIN ... or EXPLAIN ANALYZE ... statement.



    


    
      
        format(statement, params)

      


    


    
      
        grouping_sets(sets)

      


        Builds a DuckDB GROUPING SETS (...) grouping expression.



    


    
      
        install(extension)

      


        Builds an INSTALL extension; statement.



    


    
      
        literal(value)

      


    


    
      
        literal!(value)

      


        Builds a DuckDB SQL literal or raises QuackDB.Error for unsupported values.



    


    
      
        load(extension)

      


        Builds a LOAD extension; statement.



    


    
      
        pivot(source, options)

      


        Builds a DuckDB PIVOT statement.



    


    
      
        reset_variable(name)

      


        Builds RESET VARIABLE name;.



    


    
      
        rollup(columns)

      


        Builds a DuckDB ROLLUP (...) grouping expression.



    


    
      
        set(name, value)

      


        Builds a SET name = value; statement.



    


    
      
        set_global(name, value)

      


        Builds a SET GLOBAL name = value; statement.



    


    
      
        set_variable(name, value)

      


        Builds SET VARIABLE name = value;. Queries read it as $name in DuckDB
2.0, or with QuackDB.Ecto.Analytics.variable/1.



    


    
      
        star(options \\ [])

      


        Builds a DuckDB star expression such as * EXCLUDE (...) or table.* REPLACE (...).



    


    
      
        unpack_columns(selector \\ :star, options \\ [])

      


        Builds a DuckDB *COLUMNS(...) unpacked columns expression.



    


    
      
        unpivot(source, options)

      


        Builds a DuckDB UNPIVOT statement.



    





      


      
        Types


        


  
    
      
    
    
      parameter()



        
          
        

    

  


  

      

          @type parameter() ::
  nil
  | boolean()
  | integer()
  | float()
  | :nan
  | :infinity
  | :neg_infinity
  | String.t()
  | Decimal.t()
  | Date.t()
  | Time.t()
  | NaiveDateTime.t()
  | DateTime.t()
  | QuackDB.Interval.t()
  | Duration.t()
  | {:blob, binary()}
  | {:uuid, binary()}
  | {:json, term()}
  | {:interval, integer(), integer(), integer()}
  | [parameter()]


      



  


        

      

      
        Functions


        


    

    

  
    
      
    
    
      call(function, positional_args \\ [], named_args \\ [])



        
          
        

    

  


  

      

          @spec call(atom() | String.t(), [parameter()], keyword(parameter())) :: iodata()


      


Builds a CALL function(args..., option = value...); statement.

  



    

    

  
    
      
    
    
      columns(selector \\ :star, options \\ [])



        
          
        

    

  


  

      

          @spec columns(
  :star | String.t() | [atom() | String.t()] | keyword(),
  keyword()
) :: iodata()


      


Builds a DuckDB COLUMNS(...) expression.

  



  
    
      
    
    
      cube(columns)



        
          
        

    

  


  

      

          @spec cube([atom() | String.t() | {:expr, iodata()}]) :: iodata()


      


Builds a DuckDB CUBE (...) grouping expression.

  



    

  
    
      
    
    
      explain(statement, options \\ [])



        
          
        

    

  


  

      

          @spec explain(
  iodata(),
  keyword()
) :: iodata()


      


Builds an EXPLAIN ... or EXPLAIN ANALYZE ... statement.
Pass analyze: true to run the query and include DuckDB execution timings.
Pass format: :json, :html, :graphviz, :mermaid, or :text to use
DuckDB's EXPLAIN (FORMAT ...) output.

  



  
    
      
    
    
      format(statement, params)



        
          
        

    

  


  

      

          @spec format(iodata(), [parameter()]) ::
  {:ok, String.t()} | {:error, QuackDB.Error.t()}


      



  



  
    
      
    
    
      grouping_sets(sets)



        
          
        

    

  


  

      

          @spec grouping_sets([[atom() | String.t() | {:expr, iodata()}]]) :: iodata()


      


Builds a DuckDB GROUPING SETS (...) grouping expression.

  



  
    
      
    
    
      install(extension)



        
          
        

    

  


  

      

          @spec install(atom() | String.t()) :: iodata()


      


Builds an INSTALL extension; statement.

  



  
    
      
    
    
      literal(value)



        
          
        

    

  


  

      

          @spec literal(parameter()) :: {:ok, iodata()} | {:error, QuackDB.Error.t()}


      



  



  
    
      
    
    
      literal!(value)



        
          
        

    

  


  

      

          @spec literal!(parameter()) :: iodata()


      


Builds a DuckDB SQL literal or raises QuackDB.Error for unsupported values.

  



  
    
      
    
    
      load(extension)



        
          
        

    

  


  

      

          @spec load(atom() | String.t()) :: iodata()


      


Builds a LOAD extension; statement.

  



  
    
      
    
    
      pivot(source, options)



        
          
        

    

  


  

      

          @spec pivot(
  iodata(),
  keyword()
) :: iodata()


      


Builds a DuckDB PIVOT statement.

  



  
    
      
    
    
      reset_variable(name)



        
          
        

    

  


  

      

          @spec reset_variable(atom() | String.t()) :: iodata()


      


Builds RESET VARIABLE name;.

  



  
    
      
    
    
      rollup(columns)



        
          
        

    

  


  

      

          @spec rollup([atom() | String.t() | {:expr, iodata()}]) :: iodata()


      


Builds a DuckDB ROLLUP (...) grouping expression.

  



  
    
      
    
    
      set(name, value)



        
          
        

    

  


  

      

          @spec set(atom() | String.t(), parameter()) :: iodata()


      


Builds a SET name = value; statement.

  



  
    
      
    
    
      set_global(name, value)



        
          
        

    

  


  

      

          @spec set_global(atom() | String.t(), parameter()) :: iodata()


      


Builds a SET GLOBAL name = value; statement.

  



  
    
      
    
    
      set_variable(name, value)



        
          
        

    

  


  

      

          @spec set_variable(atom() | String.t(), parameter()) :: iodata()


      


Builds SET VARIABLE name = value;. Queries read it as $name in DuckDB
2.0, or with QuackDB.Ecto.Analytics.variable/1.

  



    

  
    
      
    
    
      star(options \\ [])



        
          
        

    

  


  

      

          @spec star(keyword()) :: iodata()


      


Builds a DuckDB star expression such as * EXCLUDE (...) or table.* REPLACE (...).

  



    

    

  
    
      
    
    
      unpack_columns(selector \\ :star, options \\ [])



        
          
        

    

  


  

      

          @spec unpack_columns(
  :star | String.t() | [atom() | String.t()] | keyword(),
  keyword()
) :: iodata()


      


Builds a DuckDB *COLUMNS(...) unpacked columns expression.

  



  
    
      
    
    
      unpivot(source, options)



        
          
        

    

  


  

      

          @spec unpivot(
  iodata(),
  keyword()
) :: iodata()


      


Builds a DuckDB UNPIVOT statement.

  


        

      


  

    
QuackDB.SQL.Fragment 
    



      
Reusable SQL fragments shared by QuackDB statement builders.
This module intentionally builds small, composable iodata fragments rather than
introducing another statement-level DSL. Public DML/DDL helpers can reuse these
fragments while keeping the number of top-level insert/update APIs small.

      


      
        Summary


  
    Types
  


    
      
        alias_name()

      


    


    
      
        column()

      


    


    
      
        identifier_name()

      


    


    
      
        nulls_order()

      


    


    
      
        order_direction()

      


    


    
      
        order_expression()

      


    


    
      
        schema()

      


    


    
      
        table()

      


    





  
    Functions
  


    
      
        alias_name(name)

      


        Quotes a table alias.



    


    
      
        as(expression, alias_name)

      


        Renders expression AS alias.



    


    
      
        check_constraint(check)

      


        Renders an inline CHECK built by QuackDB.DDL.check/1.



    


    
      
        column(name)

      


        Quotes a column identifier.



    


    
      
        column_list(columns)

      


        Renders a comma-separated column list.



    


    
      
        conflict_target(targets)

      


        Renders a conflict target such as (id, name), including trailing space.



    


    
      
        insert_columns(columns)

      


        Renders an optional parenthesized insert column list.



    


    
      
        join(kind, joined_table, options)

      


        Renders a simple joined table clause.



    


    
      
        on_conflict(arg1)

      


        Renders supported ON CONFLICT clauses.



    


    
      
        order_by(expressions)

      


        Renders an optional ORDER BY clause for window expressions.



    


    
      
        partition_by(columns)

      


        Renders a parenthesized window partition column list.



    


    
      
        qualified_column(table_alias, column)

      


        Quotes a qualified column reference such as source.id.



    


    
      
        qualified_column_list(columns, table_alias)

      


        Renders a comma-separated qualified column list.



    


    
      
        qualified_equality(left_alias, left_column, right_alias, right_column)

      


        Renders equality between two qualified columns.



    


    
      
        qualified_not_distinct(left_alias, left_column, right_alias, right_column)

      


        Renders IS NOT DISTINCT FROM between two qualified columns.



    


    
      
        returning(columns)

      


        Renders RETURNING ... for a non-empty column list.



    


    
      
        row_number_over(options)

      


        Renders a row_number() OVER (...) AS alias expression.



    


    
      
        schema(path)

      


        Quotes a schema name or a nested schema path such as [:finance, :reports].



    


    
      
        select(projections, options \\ [])

      


        Builds a small SELECT query fragment.



    


    
      
        select_columns(columns)

      


        Renders * for an empty select list, otherwise a column list.



    


    
      
        table(name)

      


        Quotes a table name, optionally with a schema/prefix tuple.



    


    
      
        union(queries, options \\ [])

      


        Combines queries with UNION or UNION ALL, with optional ordering.



    


    
      
        where(predicate)

      


        Renders an optional WHERE clause from raw predicate iodata.



    





      


      
        Types


        


  
    
      
    
    
      alias_name()



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      column()



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      identifier_name()



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      nulls_order()



        
          
        

    

  


  

      

          @type nulls_order() :: :first | :last


      



  



  
    
      
    
    
      order_direction()



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      order_expression()



        
          
        

    

  


  

      

          @type order_expression() ::
  column()
  | {column(), order_direction()}
  | {column(), order_direction(), keyword()}


      



  



  
    
      
    
    
      schema()



        
          
        

    

  


  

      

          @type schema() :: identifier_name() | [identifier_name()]


      



  



  
    
      
    
    
      table()



        
          
        

    

  


  

      

          @type table() :: identifier_name() | {schema() | nil, identifier_name()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      alias_name(name)



        
          
        

    

  


  

      

          @spec alias_name(alias_name()) :: iodata()


      


Quotes a table alias.

  



  
    
      
    
    
      as(expression, alias_name)



        
          
        

    

  


  

      

          @spec as(iodata(), column()) :: iodata()


      


Renders expression AS alias.

  



  
    
      
    
    
      check_constraint(check)



        
          
        

    

  


  

      

          @spec check_constraint(QuackDB.DDL.Check.t()) :: iodata()


      


Renders an inline CHECK built by QuackDB.DDL.check/1.

  



  
    
      
    
    
      column(name)



        
          
        

    

  


  

      

          @spec column(column()) :: iodata()


      


Quotes a column identifier.

  



  
    
      
    
    
      column_list(columns)



        
          
        

    

  


  

      

          @spec column_list([column()]) :: iodata()


      


Renders a comma-separated column list.

  



  
    
      
    
    
      conflict_target(targets)



        
          
        

    

  


  

      

          @spec conflict_target([column()]) :: iodata()


      


Renders a conflict target such as (id, name), including trailing space.

  



  
    
      
    
    
      insert_columns(columns)



        
          
        

    

  


  

      

          @spec insert_columns([column()]) :: iodata()


      


Renders an optional parenthesized insert column list.

  



  
    
      
    
    
      join(kind, joined_table, options)



        
          
        

    

  


  

      

          @spec join(:inner | :left, table(), keyword()) :: iodata()


      


Renders a simple joined table clause.

  



  
    
      
    
    
      on_conflict(arg1)



        
          
        

    

  


  

      

          @spec on_conflict(:raise | :nothing | {:nothing, [column()]}) :: iodata()


      


Renders supported ON CONFLICT clauses.

  



  
    
      
    
    
      order_by(expressions)



        
          
        

    

  


  

      

          @spec order_by([order_expression()]) :: iodata()


      


Renders an optional ORDER BY clause for window expressions.

  



  
    
      
    
    
      partition_by(columns)



        
          
        

    

  


  

      

          @spec partition_by([column()]) :: iodata()


      


Renders a parenthesized window partition column list.

  



  
    
      
    
    
      qualified_column(table_alias, column)



        
          
        

    

  


  

      

          @spec qualified_column(alias_name(), column()) :: iodata()


      


Quotes a qualified column reference such as source.id.

  



  
    
      
    
    
      qualified_column_list(columns, table_alias)



        
          
        

    

  


  

      

          @spec qualified_column_list([column()], alias_name()) :: iodata()


      


Renders a comma-separated qualified column list.

  



  
    
      
    
    
      qualified_equality(left_alias, left_column, right_alias, right_column)



        
          
        

    

  


  

      

          @spec qualified_equality(alias_name(), column(), alias_name(), column()) :: iodata()


      


Renders equality between two qualified columns.

  



  
    
      
    
    
      qualified_not_distinct(left_alias, left_column, right_alias, right_column)



        
          
        

    

  


  

      

          @spec qualified_not_distinct(alias_name(), column(), alias_name(), column()) ::
  iodata()


      


Renders IS NOT DISTINCT FROM between two qualified columns.

  



  
    
      
    
    
      returning(columns)



        
          
        

    

  


  

      

          @spec returning([column()]) :: iodata()


      


Renders RETURNING ... for a non-empty column list.

  



  
    
      
    
    
      row_number_over(options)



        
          
        

    

  


  

      

          @spec row_number_over(keyword()) :: iodata()


      


Renders a row_number() OVER (...) AS alias expression.

  



  
    
      
    
    
      schema(path)



        
          
        

    

  


  

      

          @spec schema(schema()) :: iodata()


      


Quotes a schema name or a nested schema path such as [:finance, :reports].

  



    

  
    
      
    
    
      select(projections, options \\ [])



        
          
        

    

  


  

      

          @spec select(
  [iodata()],
  keyword()
) :: iodata()


      


Builds a small SELECT query fragment.

  



  
    
      
    
    
      select_columns(columns)



        
          
        

    

  


  

      

          @spec select_columns([column()]) :: iodata()


      


Renders * for an empty select list, otherwise a column list.

  



  
    
      
    
    
      table(name)



        
          
        

    

  


  

      

          @spec table(table()) :: iodata()


      


Quotes a table name, optionally with a schema/prefix tuple.
A list prefix names a nested schema path, as in DuckDB 2.0's
finance.reports.ledger.

  



    

  
    
      
    
    
      union(queries, options \\ [])



        
          
        

    

  


  

      

          @spec union(
  [iodata()],
  keyword()
) :: iodata()


      


Combines queries with UNION or UNION ALL, with optional ordering.

  



  
    
      
    
    
      where(predicate)



        
          
        

    

  


  

      

          @spec where(nil | iodata()) :: iodata()


      


Renders an optional WHERE clause from raw predicate iodata.

  


        

      


  

    
QuackDB.Secret 
    



      
SQL builders for DuckDB secrets.
DuckDB uses secrets to configure access to HTTP endpoints, object stores, and
cloud filesystems. These helpers build CREATE SECRET statements with
QuackDB's SQL literal formatting so credentials and scopes are escaped
consistently.
alias QuackDB.Secret

Secret.create(:s3, provider: :credential_chain, scope: "s3://bucket/prefix/")
Secret.create(:http, name: :api, bearer_token: token)
Atom values are emitted as DuckDB identifiers, which is useful for options
such as PROVIDER credential_chain. String values are emitted as SQL string
literals.

      


      
        Summary


  
    Types
  


    
      
        option_value()

      


    


    
      
        secret_type()

      


    





  
    Functions
  


    
      
        create(type, options \\ [])

      


        Builds a DuckDB CREATE SECRET statement.



    





      


      
        Types


        


  
    
      
    
    
      option_value()



        
          
        

    

  


  

      

          @type option_value() :: QuackDB.SQL.parameter() | atom() | map()


      



  



  
    
      
    
    
      secret_type()



        
          
        

    

  


  

      

          @type secret_type() :: :http | :s3 | :r2 | :gcs | :azure | :huggingface | String.t()


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      create(type, options \\ [])



        
          
        

    

  


  

      

          @spec create(
  secret_type(),
  keyword(option_value())
) :: iodata()


      


Builds a DuckDB CREATE SECRET statement.

  


        

      


  

    
QuackDB.Sequence 
    



      
Helpers for DuckDB sequences.
Appends fill omitted columns from their defaults, including nextval
sequences. Use next_values/4 when you need the IDs before writing, for
example to reference them from rows written in the same batch.

      


      
        Summary


  
    Functions
  


    
      
        for_column(connection, source, column, options \\ [])

      


        Returns the sequence backing a table column default.



    


    
      
        for_column!(connection, source, column, options \\ [])

      


        Returns the sequence backing a table column default, raising on errors.



    


    
      
        next_values(connection, sequence_name, count, options \\ [])

      


        Returns count values from a DuckDB sequence.



    





      


      
        Functions


        


    

  
    
      
    
    
      for_column(connection, source, column, options \\ [])



        
          
        

    

  


  

      

          @spec for_column(
  DBConnection.conn() | module(),
  QuackDB.Meta.source(),
  atom() | String.t(),
  Keyword.t()
) :: {:ok, String.t()} | {:error, Exception.t()}


      


Returns the sequence backing a table column default.
This inspects pragma_table_info and returns the sequence referenced by a
nextval('...') default.

  



    

  
    
      
    
    
      for_column!(connection, source, column, options \\ [])



        
          
        

    

  


  

      

          @spec for_column!(
  DBConnection.conn() | module(),
  QuackDB.Meta.source(),
  atom() | String.t(),
  Keyword.t()
) :: String.t()


      


Returns the sequence backing a table column default, raising on errors.

  



    

  
    
      
    
    
      next_values(connection, sequence_name, count, options \\ [])



        
          
        

    

  


  

      

          @spec next_values(
  DBConnection.conn(),
  atom() | String.t(),
  non_neg_integer(),
  Keyword.t()
) :: [
  integer()
]


      


Returns count values from a DuckDB sequence.
ids = QuackDB.Sequence.next_values(conn, "fragments_id_seq", 3)
#=> [1, 2, 3]
The sequence name is encoded as a SQL string literal for nextval/1; callers
should pass the actual DuckDB sequence name, not raw SQL.

  


        

      


  

    
QuackDB.Server 
    



      
Supervises a local DuckDB Quack server process with MuonTrap.
This is a convenience for local development, tests, demos, and notebooks. It
starts the external duckdb executable and serves DuckDB's Quack HTTP
protocol. It is not an embedded DuckDB driver and is not required when your
Quack server runs elsewhere.
children =
  QuackDB.Server.child_specs(
    server: [name: MyApp.DuckDB, duckdb: :managed, endpoint: "quack:localhost:9494"],
    client: [name: MyApp.QuackDB, pool_size: 5]
  )
Use duckdb: :managed to download and cache DuckDB's official CLI binary via
QuackDB.Binary. Pass duckdb: "/path/to/duckdb" or set
QUACKDB_BINARY_PATH when you want to provide the executable yourself.
child_specs/1 generates one shared random token when neither side provides
:token, then injects the same token and URI into the server and client specs.
By default the server runs DuckDB directly under MuonTrap with -interactive
so the process stays alive after quack_serve/2 starts. It installs and loads
the quack extension before serving, unless load_quack?: false is set. Boot
SQL is written to an Elixir-owned temporary init file by default so generated
local tokens are not embedded in the operating-system argument vector.
Startup waits until the Quack endpoint is ready. For the default DuckDB CLI
command, readiness is detected from the quack_serve/2 result row printed to
stdout. :poll_interval is only the fallback probe interval for custom daemon
output handling or custom commands that do not expose that row. Probes run in
a cancellable task so daemon exits and output remain visible while HTTP waits;
the startup deadline also cancels an in-flight probe.
Startup failures report :server_start_failed, :server_start_timeout, or
:database_locked for recognized DuckDB file-lock conflicts. Error metadata
includes :database, :uri, :last_error, an :output_tail of at most 8 KiB,
and :exit_reason when the daemon exits. The retained output redacts the
server token, replaces invalid UTF-8, and truncates on a character boundary.
Explicitly configured logger callbacks still receive original output.
Capture is best-effort, newline-delimited MuonTrap output; disabling
stderr forwarding can omit diagnostics. Other secrets in custom boot output
are not automatically redacted.
Stopping this process signals the daemon; it does not run CHECKPOINT or
guarantee an immediately copyable database file. Preserve a remaining WAL for
recovery. Quiesce writers and explicitly checkpoint before a single-file copy,
then stop clients and the supervised server and verify OS-process termination.
A supervised server is a permanent child: use Supervisor.terminate_child/2
rather than GenServer.stop/1 to stop it without automatic restart.

      


      
        Summary


  
    Types
  


    
      
        option()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        child_specs(options \\ [])

      


        Returns matching server and client child specs, in startup order.



    


    
      
        info(server)

      


    


    
      
        os_pid(server)

      


        Returns the local MuonTrap wrapper's OS PID, not the DuckDB child PID.



    


    
      
        start_link(options \\ [])

      


    


    
      
        statistics(server)

      


    


    
      
        token(server)

      


    


    
      
        uri(server)

      


    





      


      
        Types


        


  
    
      
    
    
      option()



        
          
        

    

  


  

      

          @type option() ::
  {:name, GenServer.name()}
  | {:duckdb, String.t() | :managed}
  | {:duckdb_options, keyword()}
  | {:database, String.t()}
  | {:endpoint, String.t()}
  | {:uri, String.t()}
  | {:token, String.t()}
  | {:load_quack?, boolean()}
  | {:install_quack?, boolean()}
  | {:boot_sql, String.t()}
  | {:boot_sql_source, :init_file | :cmd}
  | {:settings, keyword(QuackDB.SQL.parameter())}
  | {:global_settings, keyword(QuackDB.SQL.parameter())}
  | {:serve_options, keyword()}
  | {:recovery_mode, :no_wal_writes | String.t()}
  | {:attach_as, atom() | String.t()}
  | {:wait, boolean()}
  | {:wait_timeout, timeout()}
  | {:poll_interval, pos_integer()}
  | {:daemon_options, Keyword.t()}
  | {:daemon_command, {String.t(), [String.t()]}}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

      

          @spec child_spec([option()]) :: Supervisor.child_spec()


      


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

  



    

  
    
      
    
    
      child_specs(options \\ [])



        
          
        

    

  


  

      

          @spec child_specs(keyword()) :: [Supervisor.child_spec()]


      


Returns matching server and client child specs, in startup order.
:server is a list of Server options. :client accepts a keyword list for a
QuackDB pool, or {module, options} for another client such as an Ecto Repo.
The client must accept :uri and :token options. URI/token precedence is
server, then client, then generated defaults. Both specs retain the generated
credentials across restarts.
alias QuackDB.Server

children =
  Server.child_specs(
    server: [name: MyApp.DuckDB],
    client: {MyApp.Repo, pool_size: 2}
  )
A :rest_for_one supervisor can restart the client when its server restarts
and invalidates existing sessions.

  



  
    
      
    
    
      info(server)



        
          
        

    

  


  

      

          @spec info(GenServer.server()) :: map()


      



  



  
    
      
    
    
      os_pid(server)



        
          
        

    

  


  

      

          @spec os_pid(GenServer.server()) :: non_neg_integer() | :error


      


Returns the local MuonTrap wrapper's OS PID, not the DuckDB child PID.
This does not identify the process holding a conflicting database file lock.

  



    

  
    
      
    
    
      start_link(options \\ [])



        
          
        

    

  


  

      

          @spec start_link([option()]) :: GenServer.on_start()


      



  



  
    
      
    
    
      statistics(server)



        
          
        

    

  


  

      

          @spec statistics(GenServer.server()) :: map()


      



  



  
    
      
    
    
      token(server)



        
          
        

    

  


  

      

          @spec token(GenServer.server()) :: String.t()


      



  



  
    
      
    
    
      uri(server)



        
          
        

    

  


  

      

          @spec uri(GenServer.server()) :: String.t()


      



  


        

      


  

    
QuackDB.Source 
    



      
Safe SQL fragment builders for DuckDB table-producing data sources.
DuckDB can query files, object stores, and lakehouse tables directly through
table functions such as read_parquet/2, read_csv/2, read_json/2,
read_xlsx/2, delta_scan/2, and iceberg_scan/2. This module builds those
fragments with QuackDB's SQL literal formatting so callers do not need to
manually interpolate paths or options.
These helpers return SQL fragments, not executable queries. Use them in raw SQL
that is sent to QuackDB.query/4 or Ecto.Adapters.SQL.query/4:
source = QuackDB.Source.parquet("s3://bucket/events/*.parquet", hive_partitioning: true)
QuackDB.query!(conn, ["SELECT count(*) FROM ", source])
Options are emitted as DuckDB named parameters:
QuackDB.Source.csv("events.csv", header: true, columns: %{id: "INTEGER", name: "VARCHAR"})
Plain Elixir maps are formatted as DuckDB struct literals, which is the shape
used by options such as columns. Use {:map, map} when a DuckDB MAP {...}
literal is required.

      


      
        Summary


  
    Types
  


    
      
        option_value()

      


    


    
      
        path_or_paths()

      


    





  
    Functions
  


    
      
        csv(path_or_paths, options \\ [])

      


        Builds a read_csv(...) table function fragment.



    


    
      
        delta(path_or_paths, options \\ [])

      


        Builds a delta_scan(...) table function fragment.



    


    
      
        histogram_values(source, column, options \\ [])

      


        Builds a histogram_values(...) table function fragment.



    


    
      
        iceberg(path_or_paths, options \\ [])

      


        Builds an iceberg_scan(...) table function fragment.



    


    
      
        json(path_or_paths, options \\ [])

      


        Builds a read_json(...) table function fragment.



    


    
      
        parquet(path_or_paths, options \\ [])

      


        Builds a read_parquet(...) table function fragment.



    


    
      
        sample(source, options)

      


        Wraps a source in a DuckDB USING SAMPLE subquery.



    


    
      
        source?(value)

      


        Returns true when a value looks like a QuackDB source table-function fragment.



    


    
      
        table_function(function_name, path_or_paths, options \\ [])

      


        Builds a DuckDB table-function fragment for a validated function name.



    


    
      
        xlsx(path, options \\ [])

      


        Builds a read_xlsx(...) table function fragment.



    





      


      
        Types


        


  
    
      
    
    
      option_value()



        
          
        

    

  


  

      

          @type option_value() ::
  QuackDB.SQL.parameter()
  | atom()
  | %{optional(atom() | String.t() | integer()) => option_value()}
  | {:struct, keyword(option_value()) | map()}
  | {:map, map()}


      



  



  
    
      
    
    
      path_or_paths()



        
          
        

    

  


  

      

          @type path_or_paths() :: String.t() | [String.t()]


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      csv(path_or_paths, options \\ [])



        
          
        

    

  


  

      

          @spec csv(
  path_or_paths(),
  keyword(option_value())
) :: String.t()


      


Builds a read_csv(...) table function fragment.

  



    

  
    
      
    
    
      delta(path_or_paths, options \\ [])



        
          
        

    

  


  

      

          @spec delta(
  path_or_paths(),
  keyword(option_value())
) :: String.t()


      


Builds a delta_scan(...) table function fragment.

  



    

  
    
      
    
    
      histogram_values(source, column, options \\ [])



        
          
        

    

  


  

      

          @spec histogram_values(String.t(), String.t() | atom(), keyword(option_value())) ::
  String.t()


      


Builds a histogram_values(...) table function fragment.

  



    

  
    
      
    
    
      iceberg(path_or_paths, options \\ [])



        
          
        

    

  


  

      

          @spec iceberg(
  path_or_paths(),
  keyword(option_value())
) :: String.t()


      


Builds an iceberg_scan(...) table function fragment.

  



    

  
    
      
    
    
      json(path_or_paths, options \\ [])



        
          
        

    

  


  

      

          @spec json(
  path_or_paths(),
  keyword(option_value())
) :: String.t()


      


Builds a read_json(...) table function fragment.

  



    

  
    
      
    
    
      parquet(path_or_paths, options \\ [])



        
          
        

    

  


  

      

          @spec parquet(
  path_or_paths(),
  keyword(option_value())
) :: String.t()


      


Builds a read_parquet(...) table function fragment.

  



  
    
      
    
    
      sample(source, options)



        
          
        

    

  


  

      

          @spec sample(
  String.t(),
  keyword()
) :: String.t()


      


Wraps a source in a DuckDB USING SAMPLE subquery.

  



  
    
      
    
    
      source?(value)



        
          
        

    

  


  

      

          @spec source?(term()) :: boolean()


      


Returns true when a value looks like a QuackDB source table-function fragment.

  



    

  
    
      
    
    
      table_function(function_name, path_or_paths, options \\ [])



        
          
        

    

  


  

      

          @spec table_function(String.t(), path_or_paths(), keyword(option_value())) ::
  String.t()


      


Builds a DuckDB table-function fragment for a validated function name.

  



    

  
    
      
    
    
      xlsx(path, options \\ [])



        
          
        

    

  


  

      

          @spec xlsx(
  String.t(),
  keyword(option_value())
) :: String.t()


      


Builds a read_xlsx(...) table function fragment.

  


        

      


  

    
QuackDB.Spatial 
    



      
SQL helpers for DuckDB's spatial extension.
These helpers return iodata fragments for raw DuckDB SQL. Load the spatial
extension before using ST_* functions:
QuackDB.query!(conn, QuackDB.Spatial.load())
Geometry values returned by DuckDB's Quack protocol decode as WKB-compatible
binaries.

      


      
        Summary


  
    Functions
  


    
      
        as_geojson(geometry)

      


        Builds ST_AsGeoJSON(geometry).



    


    
      
        as_hex_wkb(geometry)

      


        Builds ST_AsHEXWKB(geometry).



    


    
      
        as_text(geometry)

      


        Builds ST_AsText(geometry).



    


    
      
        as_wkb(geometry)

      


        Builds ST_AsWKB(geometry).



    


    
      
        envelope(min_x, min_y, max_x, max_y)

      


        Builds ST_MakeEnvelope(min_x, min_y, max_x, max_y).



    


    
      
        geom_from_text(wkt)

      


        Builds ST_GeomFromText(wkt).



    


    
      
        geom_from_wkb(wkb)

      


        Builds ST_GeomFromWKB(wkb).



    


    
      
        install()

      


        Builds an INSTALL spatial; statement.



    


    
      
        intersects(left, right)

      


        Builds ST_Intersects(left, right).



    


    
      
        load()

      


        Builds a LOAD spatial; statement.



    


    
      
        point(x, y)

      


        Builds ST_Point(x, y).



    





      


      
        Functions


        


  
    
      
    
    
      as_geojson(geometry)



        
          
        

    

  


  

      

          @spec as_geojson(iodata()) :: iodata()


      


Builds ST_AsGeoJSON(geometry).

  



  
    
      
    
    
      as_hex_wkb(geometry)



        
          
        

    

  


  

      

          @spec as_hex_wkb(iodata()) :: iodata()


      


Builds ST_AsHEXWKB(geometry).

  



  
    
      
    
    
      as_text(geometry)



        
          
        

    

  


  

      

          @spec as_text(iodata()) :: iodata()


      


Builds ST_AsText(geometry).

  



  
    
      
    
    
      as_wkb(geometry)



        
          
        

    

  


  

      

          @spec as_wkb(iodata()) :: iodata()


      


Builds ST_AsWKB(geometry).

  



  
    
      
    
    
      envelope(min_x, min_y, max_x, max_y)



        
          
        

    

  


  

      

          @spec envelope(number(), number(), number(), number()) :: iodata()


      


Builds ST_MakeEnvelope(min_x, min_y, max_x, max_y).

  



  
    
      
    
    
      geom_from_text(wkt)



        
          
        

    

  


  

      

          @spec geom_from_text(String.t()) :: iodata()


      


Builds ST_GeomFromText(wkt).

  



  
    
      
    
    
      geom_from_wkb(wkb)



        
          
        

    

  


  

      

          @spec geom_from_wkb(binary() | iodata()) :: iodata()


      


Builds ST_GeomFromWKB(wkb).

  



  
    
      
    
    
      install()



        
          
        

    

  


  

      

          @spec install() :: iodata()


      


Builds an INSTALL spatial; statement.

  



  
    
      
    
    
      intersects(left, right)



        
          
        

    

  


  

      

          @spec intersects(iodata(), iodata()) :: iodata()


      


Builds ST_Intersects(left, right).

  



  
    
      
    
    
      load()



        
          
        

    

  


  

      

          @spec load() :: iodata()


      


Builds a LOAD spatial; statement.

  



  
    
      
    
    
      point(x, y)



        
          
        

    

  


  

      

          @spec point(number(), number()) :: iodata()


      


Builds ST_Point(x, y).

  


        

      


  

    
QuackDB.Storage 
    



      
DuckDB storage observability helpers.
The functions in this module wrap DuckDB's storage table functions and accept
either a QuackDB connection or a QuackDB-backed Ecto repo. Table arguments may
be schema modules, atoms, strings, or {prefix, source} tuples.

      


      
        Summary


  
    Types
  


    
      
        source()

      


    





  
    Functions
  


    
      
        checkpoint(connection, options \\ [])

      


        Runs CHECKPOINT to flush the write-ahead log into the database file.



    


    
      
        checkpoint!(connection, options \\ [])

      


        Runs CHECKPOINT, raising on errors.



    


    
      
        compression(connection, source, options \\ [])

      


        Returns compression usage grouped by table column.



    


    
      
        compression!(connection, source, options \\ [])

      


        Returns compression usage grouped by table column, raising on errors.



    


    
      
        database_size(connection, options \\ [])

      


        Returns DuckDB database size information.



    


    
      
        database_size!(connection, options \\ [])

      


        Returns DuckDB database size information, raising on errors.



    


    
      
        force_checkpoint(connection, options \\ [])

      


        Runs FORCE CHECKPOINT to wait for the checkpoint lock and flush storage.



    


    
      
        force_checkpoint!(connection, options \\ [])

      


        Runs FORCE CHECKPOINT, raising on errors.



    


    
      
        info(connection, source, options \\ [])

      


        Returns DuckDB storage segments for a table.



    


    
      
        info!(connection, source, options \\ [])

      


        Returns DuckDB storage segments for a table, raising on errors.



    





      


      
        Types


        


  
    
      
    
    
      source()



        
          
        

    

  


  

      

          @type source() ::
  module() | atom() | String.t() | {atom() | String.t(), atom() | String.t()}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      checkpoint(connection, options \\ [])



        
          
        

    

  


  

      

          @spec checkpoint(
  DBConnection.conn() | module(),
  keyword()
) :: {:ok, QuackDB.Result.t()} | {:error, Exception.t()}


      


Runs CHECKPOINT to flush the write-ahead log into the database file.

  



    

  
    
      
    
    
      checkpoint!(connection, options \\ [])



        
          
        

    

  


  

      

          @spec checkpoint!(
  DBConnection.conn() | module(),
  keyword()
) :: QuackDB.Result.t()


      


Runs CHECKPOINT, raising on errors.

  



    

  
    
      
    
    
      compression(connection, source, options \\ [])



        
          
        

    

  


  

      

          @spec compression(DBConnection.conn() | module(), source(), keyword()) ::
  {:ok, QuackDB.Storage.CompressionSummary.t()} | {:error, Exception.t()}


      


Returns compression usage grouped by table column.

  



    

  
    
      
    
    
      compression!(connection, source, options \\ [])



        
          
        

    

  


  

      

          @spec compression!(DBConnection.conn() | module(), source(), keyword()) ::
  QuackDB.Storage.CompressionSummary.t()


      


Returns compression usage grouped by table column, raising on errors.

  



    

  
    
      
    
    
      database_size(connection, options \\ [])



        
          
        

    

  


  

      

          @spec database_size(
  DBConnection.conn() | module(),
  keyword()
) :: {:ok, [QuackDB.Storage.DatabaseSize.t()]} | {:error, Exception.t()}


      


Returns DuckDB database size information.

  



    

  
    
      
    
    
      database_size!(connection, options \\ [])



        
          
        

    

  


  

      

          @spec database_size!(
  DBConnection.conn() | module(),
  keyword()
) :: [QuackDB.Storage.DatabaseSize.t()]


      


Returns DuckDB database size information, raising on errors.

  



    

  
    
      
    
    
      force_checkpoint(connection, options \\ [])



        
          
        

    

  


  

      

          @spec force_checkpoint(
  DBConnection.conn() | module(),
  keyword()
) :: {:ok, QuackDB.Result.t()} | {:error, Exception.t()}


      


Runs FORCE CHECKPOINT to wait for the checkpoint lock and flush storage.

  



    

  
    
      
    
    
      force_checkpoint!(connection, options \\ [])



        
          
        

    

  


  

      

          @spec force_checkpoint!(
  DBConnection.conn() | module(),
  keyword()
) :: QuackDB.Result.t()


      


Runs FORCE CHECKPOINT, raising on errors.

  



    

  
    
      
    
    
      info(connection, source, options \\ [])



        
          
        

    

  


  

      

          @spec info(DBConnection.conn() | module(), source(), keyword()) ::
  {:ok, [QuackDB.Storage.Segment.t()]} | {:error, Exception.t()}


      


Returns DuckDB storage segments for a table.

  



    

  
    
      
    
    
      info!(connection, source, options \\ [])



        
          
        

    

  


  

      

          @spec info!(DBConnection.conn() | module(), source(), keyword()) :: [
  QuackDB.Storage.Segment.t()
]


      


Returns DuckDB storage segments for a table, raising on errors.

  


        

      


  

    
QuackDB.Storage.CompressionSummary 
    



      
Compression summary grouped by table column.

      


      
        Summary


  
    Types
  


    
      
        column_summary()

      


    


    
      
        compression_stats()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      column_summary()



        
          
        

    

  


  

      

          @type column_summary() :: %{
  segments: non_neg_integer(),
  values: non_neg_integer(),
  compressions: %{required(String.t()) => compression_stats()}
}


      



  



  
    
      
    
    
      compression_stats()



        
          
        

    

  


  

      

          @type compression_stats() :: %{
  segments: non_neg_integer(),
  values: non_neg_integer(),
  segment_types: %{required(String.t()) => non_neg_integer()}
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuackDB.Storage.CompressionSummary{
  columns: %{required(String.t()) => column_summary()},
  source: String.t() | nil
}


      



  


        

      


  

    
QuackDB.Storage.DatabaseSize 
    



      
A row from DuckDB's pragma_database_size table function.
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    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuackDB.Storage.DatabaseSize{
  block_size: integer() | nil,
  database_name: String.t() | nil,
  database_size: String.t() | nil,
  free_blocks: integer() | nil,
  memory_limit: String.t() | nil,
  memory_usage: String.t() | nil,
  total_blocks: integer() | nil,
  used_blocks: integer() | nil,
  wal_size: String.t() | nil
}


      



  


        

      


  

    
QuackDB.Storage.Segment 
    



      
A row from DuckDB's pragma_storage_info table function.
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    Types
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      t()



        
          
        

    

  


  

      

          @type t() :: %QuackDB.Storage.Segment{
  additional_block_ids: term(),
  block_id: integer() | nil,
  block_offset: integer() | nil,
  column_id: integer() | nil,
  column_name: String.t() | nil,
  column_path: String.t() | nil,
  compression: String.t() | nil,
  count: integer() | nil,
  has_updates: boolean() | nil,
  persistent: boolean() | nil,
  row_group_id: integer() | nil,
  segment_id: integer() | nil,
  segment_info: String.t() | nil,
  segment_type: String.t() | nil,
  start: integer() | nil,
  stats: String.t() | nil
}


      



  


        

      


  

    
QuackDB.Stream 
    



      
Lazy stream returned by QuackDB.stream/4.
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          @type t() :: %QuackDB.Stream{
  conn: DBConnection.conn(),
  options: Keyword.t(),
  params: [term()],
  query: QuackDB.Query.t()
}


      



  


        

      


  

    
QuackDB.Struct 
    



      
SQL expression helpers for DuckDB STRUCT values.
These helpers return iodata and map directly to DuckDB struct functions.
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        concat(left_expression, right_expression)

      


        Builds struct_concat(left, right).



    


    
      
        contains(struct_expression, value_expression)

      


        Builds struct_contains(struct, value).



    


    
      
        extract(struct_expression, field_or_index_expression)

      


        Builds struct_extract(struct, field_or_index).



    


    
      
        extract_at(struct_expression, index_expression)

      


        Builds struct_extract_at(struct, index).



    


    
      
        position(struct_expression, value_expression)

      


        Builds struct_position(struct, value).



    


    
      
        values(struct_expression)

      


        Builds struct_values(struct).
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      concat(left_expression, right_expression)



        
          
        

    

  


  

      

          @spec concat(iodata(), iodata()) :: iodata()


      


Builds struct_concat(left, right).

  



  
    
      
    
    
      contains(struct_expression, value_expression)



        
          
        

    

  


  

      

          @spec contains(iodata(), iodata()) :: iodata()


      


Builds struct_contains(struct, value).

  



  
    
      
    
    
      extract(struct_expression, field_or_index_expression)



        
          
        

    

  


  

      

          @spec extract(iodata(), iodata()) :: iodata()


      


Builds struct_extract(struct, field_or_index).

  



  
    
      
    
    
      extract_at(struct_expression, index_expression)



        
          
        

    

  


  

      

          @spec extract_at(iodata(), iodata()) :: iodata()


      


Builds struct_extract_at(struct, index).

  



  
    
      
    
    
      position(struct_expression, value_expression)



        
          
        

    

  


  

      

          @spec position(iodata(), iodata()) :: iodata()


      


Builds struct_position(struct, value).

  



  
    
      
    
    
      values(struct_expression)



        
          
        

    

  


  

      

          @spec values(iodata()) :: iodata()


      


Builds struct_values(struct).

  


        

      


  

    
QuackDB.TimeWithTimeZone 
    



      
DuckDB TIME WITH TIME ZONE value.
DuckDB stores TIME WITH TIME ZONE as microseconds since midnight packed with
a timezone offset in seconds. This struct exposes the decoded Time and UTC
offset while preserving conversion to and from DuckDB's packed integer.
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        from_bits(bits)

      


        Decodes DuckDB's packed TIME WITH TIME ZONE integer.



    


    
      
        new(time, utc_offset)

      


        Builds a TIME WITH TIME ZONE value from time and UTC offset seconds.



    


    
      
        to_bits(time_with_time_zone)

      


        Encodes the value into DuckDB's packed TIME WITH TIME ZONE integer.



    


    
      
        to_iso8601(value)

      


        Formats the value as an ISO-like time with numeric UTC offset.
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          @type t() :: %QuackDB.TimeWithTimeZone{time: Time.t(), utc_offset: integer()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from_bits(bits)



        
          
        

    

  


  

      

          @spec from_bits(integer()) :: t()


      


Decodes DuckDB's packed TIME WITH TIME ZONE integer.

  



  
    
      
    
    
      new(time, utc_offset)



        
          
        

    

  


  

      

          @spec new(Time.t(), integer()) :: t()


      


Builds a TIME WITH TIME ZONE value from time and UTC offset seconds.

  



  
    
      
    
    
      to_bits(time_with_time_zone)



        
          
        

    

  


  

      

          @spec to_bits(t()) :: integer()


      


Encodes the value into DuckDB's packed TIME WITH TIME ZONE integer.

  



  
    
      
    
    
      to_iso8601(value)



        
          
        

    

  


  

      

          @spec to_iso8601(t()) :: String.t()


      


Formats the value as an ISO-like time with numeric UTC offset.

  


        

      


  

    
QuackDB.Type 
    



      
DuckDB SQL type rendering shared by DDL and source helpers.
The protocol codec has its own logical type metadata for decoding wire values.
This module is the SQL-facing counterpart: it renders user-friendly type specs
into DuckDB type names for generated SQL.
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    Types
  


    
      
        spec()

      


    





  
    Functions
  


    
      
        from_sql(type)

      


        Parses a DuckDB SQL type name into a QuackDB type spec.



    


    
      
        quote_identifier(value)

      


        Renders an identifier with DuckDB SQL quoting.



    


    
      
        to_sql(type)

      


        Renders a DuckDB SQL type spec as iodata.
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          @type spec() ::
  atom()
  | String.t()
  | {:varchar, pos_integer()}
  | {:char, pos_integer()}
  | {:decimal, pos_integer(), non_neg_integer()}
  | {:list, spec()}
  | {:array, spec(), pos_integer()}
  | {:map, spec(), spec()}
  | {:struct, keyword(spec()) | map()}
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      from_sql(type)



        
          
        

    

  


  

      

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


      


Parses a DuckDB SQL type name into a QuackDB type spec.

  



  
    
      
    
    
      quote_identifier(value)



        
          
        

    

  


  

      

          @spec quote_identifier(atom() | String.t()) :: iodata()


      


Renders an identifier with DuckDB SQL quoting.

  



  
    
      
    
    
      to_sql(type)



        
          
        

    

  


  

      

          @spec to_sql(spec()) :: iodata()


      


Renders a DuckDB SQL type spec as iodata.

  


        

      


  

    
QuackDB.Error exception
    



      
Structured error returned by the QuackDB client.
When DuckDB returns an errors_as_json payload, metadata includes
:exception_type and :exception_message. The original message is preserved,
including any native-append prefix. QuackDB does not enable this server setting
automatically or infer constraint names from error text.
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    Functions
  


    
      
        disconnect?(error)

      


        Returns whether the error means the server dropped the connection, so the
client must reconnect: its heartbeat lease expired or its database died.



    


    
      
        exception_type(error)

      


        Returns DuckDB's exception type for a server error, such as "Catalog" or
"Constraint", or nil when the error did not come from the server.



    


    
      
        new(code, message, options \\ [])

      


    


    
      
        server(response)

      


        Builds a server error from a Quack error response or a bare message.
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          @type code() :: atom()


      



  



  
    
      
    
    
      source()



        
          
        

    

  


  

      

          @type source() :: :client | :server | :transport | :protocol


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuackDB.Error{
  __exception__: term(),
  code: code(),
  connection_id: String.t() | nil,
  message: String.t(),
  metadata: map(),
  query: iodata() | nil,
  retriable?: boolean(),
  source: source()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      disconnect?(error)



        
          
        

    

  


  

      

          @spec disconnect?(t()) :: boolean()


      


Returns whether the error means the server dropped the connection, so the
client must reconnect: its heartbeat lease expired or its database died.

  



  
    
      
    
    
      exception_type(error)



        
          
        

    

  


  

      

          @spec exception_type(t()) :: String.t() | nil


      


Returns DuckDB's exception type for a server error, such as "Catalog" or
"Constraint", or nil when the error did not come from the server.

  



    

  
    
      
    
    
      new(code, message, options \\ [])



        
          
        

    

  


  

      

          @spec new(code(), String.t(), Keyword.t()) :: t()


      



  



  
    
      
    
    
      server(response)



        
          
        

    

  


  

      

          @spec server(struct() | String.t()) :: t()


      


Builds a server error from a Quack error response or a bare message.
The code is :query_cancelled, :transaction_conflict,
:connection_expired, :connection_invalidated, or :server_error.
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