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    QuackDB

Remote DuckDB Quack protocol client for Elixir.
quackdb is a protocol-native client for DuckDB's experimental Quack remote protocol. The client is backed by DBConnection, decodes DuckDB result chunks directly, supports streaming/fetching large result sets, and includes an initial Ecto adapter for raw SQL queries.
[!WARNING]
QuackDB itself is experimental and not production-ready. The package API, result shapes, Ecto adapter behavior, and supported type coverage may change as the project evolves. It also targets DuckDB's experimental Quack protocol, which may change across DuckDB releases. Use it at your own risk, validate behavior against your DuckDB version, and avoid relying on it for critical production workloads yet.

Status
QuackDB currently focuses on the remote protocol and DBConnection client core. It supports:
	connection handshake over HTTP Quack endpoints
	query execution through DBConnection
	streaming and fetch continuation for large results
	common scalar DuckDB types
	nested result values such as LIST, STRUCT, ARRAY, and MAP
	normalized affected-row counts for INSERT, UPDATE, and DELETE
	a minimal Ecto SQL adapter for Repo.query/3

Higher-level Ecto schema queries, migrations, and write planning are planned after the raw SQL adapter path is stable.
Installation
Add :quackdb to your dependencies:
def deps do
  [
    {:quackdb, "~> 0.1.0"}
  ]
end
DuckDB's Quack protocol is currently experimental. For local testing, use DuckDB 1.5.3 or newer with the quack extension.
Start a DuckDB Quack server
tail -f /dev/null | duckdb -init /dev/null \
  -cmd "LOAD quack; CALL quack_serve('quack:localhost', token='super_secret');"

quack:localhost may bind on IPv6 localhost, so the examples use http://[::1]:9494.
Usage
Connect
{:ok, conn} =
  QuackDB.start_link(
    uri: "http://[::1]:9494",
    token: "super_secret"
  )
Query
{:ok, result} = QuackDB.query(conn, "SELECT 1 AS n")

result.columns
#=> ["n"]

result.rows
#=> [[1]]
Results use compact IEx-friendly inspection so large result sets do not flood the console:
#QuackDB.Result<command: :select, columns: ["n"], rows: 1, preview: [[1]], connection_id: "...", needs_more_fetch?: false>
Nested DuckDB values
DuckDB nested types decode to ordinary Elixir terms:
{: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
  """)

result.rows
#=> [[[1, 2, 3], %{"name" => "duck", "count" => 2}, [1, 2, 3], %{"a" => 1, "b" => 2}]]
Streaming
Use QuackDB.stream/4 for large result sets:
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
Command results
DuckDB returns affected-row counts through a Count column. QuackDB normalizes those into num_rows for command results:
{:ok, _} = QuackDB.query(conn, "CREATE TEMP TABLE events(id INTEGER)")
{:ok, result} = QuackDB.query(conn, "INSERT INTO events VALUES (1), (2)")

result.command
#=> :insert

result.num_rows
#=> 2

result.rows
#=> nil
The original DuckDB shape is preserved in metadata for debugging:
result.metadata[:duckdb_columns]
#=> ["Count"]

result.metadata[:duckdb_rows]
#=> [[2]]
Prepare and execute
{:ok, query, result} = QuackDB.prepare_execute(conn, "SELECT 1 AS n")

query.columns
#=> ["n"]

result.rows
#=> [[1]]
Ecto raw SQL
QuackDB includes an initial Ecto SQL adapter for raw SQL queries. If your app does not already depend on Ecto SQL, add it alongside QuackDB:
def deps do
  [
    {:quackdb, "~> 0.1.0"},
    {: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 connection options used by QuackDB.start_link/1:
config :my_app, MyApp.AnalyticsRepo,
  uri: "http://[::1]:9494",
  token: "super_secret"
Then use Repo.query/3:
{:ok, result} = MyApp.AnalyticsRepo.query("SELECT 1 AS n")

result.rows
#=> [[1]]
Raw SQL also works inside Ecto transactions:
{:ok, :committed} =
  MyApp.AnalyticsRepo.transaction(fn ->
    MyApp.AnalyticsRepo.query!("CREATE TEMP TABLE events(id INTEGER)")
    MyApp.AnalyticsRepo.query!("INSERT INTO events VALUES (1), (2)")
    :committed
  end)
Use Repo.rollback/1 to abort transaction work:
{:error, :rolled_back} =
  MyApp.AnalyticsRepo.transaction(fn ->
    MyApp.AnalyticsRepo.query!("INSERT INTO events VALUES (3)")
    MyApp.AnalyticsRepo.rollback(:rolled_back)
  end)
Simple read-only Ecto queries against table names are also supported:
import Ecto.Query

MyApp.AnalyticsRepo.all(
  from event in "events",
    where: event.id > 1,
    order_by: [asc: event.id],
    select: %{id: event.id, name: event.name}
)
This first Ecto milestone is intentionally limited. Joins, grouped queries, migrations, and Ecto-managed inserts/updates/deletes raise explicit unsupported-feature errors for now.
Current limitations
	Bind parameters are not exposed through this Quack client path yet.
	Appends are represented at the protocol struct level but are not exposed as public API.
	Ecto support is limited to raw SQL through Repo.query/3 and simple read-only table queries through Repo.all/2.
	The low-level protocol is experimental and tracks DuckDB's Quack extension behavior.

Development
mix deps.get
mix ci

Integration tests are skipped by default. To run them against a Quack server:
QUACKDB_TEST_URI='http://[::1]:9494' \
QUACKDB_TEST_TOKEN=super_secret \
mix test --include integration

See guides/getting-started.md for a longer walkthrough and docs/research.md for protocol notes.


  

    Getting started

QuackDB connects Elixir applications to a remote DuckDB process through DuckDB's experimental 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 1.5.3 or newer for the current Quack extension behavior
	A running Quack server

Install
Add :quackdb to your dependencies:
def deps do
  [
    {:quackdb, "~> 0.1.0"}
  ]
end
Then fetch dependencies:
mix deps.get

Start DuckDB with Quack
Start a local DuckDB server with the quack extension loaded:
tail -f /dev/null | duckdb -init /dev/null \
  -cmd "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.query/4, QuackDB.prepare_execute/4, QuackDB.stream/4, or DBConnection APIs.
Run a query
{: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.
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}]
#=>   ]
#=> ]
Stream large result sets
QuackDB fetches additional result chunks when DuckDB reports that more rows are available. Use QuackDB.stream/4 to process those chunks 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
Each streamed item is a %QuackDB.Result{} containing one batch of rows.
Work with command results
DuckDB returns affected counts as a Count result column for DML statements. QuackDB normalizes those into num_rows:
{:ok, _} = QuackDB.query(conn, "CREATE TEMP TABLE events(id INTEGER)")
{:ok, result} = QuackDB.query(conn, "INSERT INTO events VALUES (1), (2)")

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]]
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:
DBConnection.transaction(conn, fn tx ->
  QuackDB.query!(tx, "CREATE TEMP TABLE tx_events(id INTEGER)")
  QuackDB.query!(tx, "INSERT INTO tx_events VALUES (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, "~> 0.1.0"},
    {: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"
Then run raw SQL through the repo:
{:ok, result} = MyApp.AnalyticsRepo.query("SELECT 1 AS n")

result.rows
#=> [[1]]
Raw SQL can participate in Ecto transactions:
{:ok, :committed} =
  MyApp.AnalyticsRepo.transaction(fn ->
    MyApp.AnalyticsRepo.query!("CREATE TEMP TABLE events(id INTEGER)")
    MyApp.AnalyticsRepo.query!("INSERT INTO events VALUES (1), (2)")
    :committed
  end)
Use Repo.rollback/1 to abort transaction work:
{:error, :rolled_back} =
  MyApp.AnalyticsRepo.transaction(fn ->
    MyApp.AnalyticsRepo.query!("INSERT INTO events VALUES (3)")
    MyApp.AnalyticsRepo.rollback(:rolled_back)
  end)
Simple read-only Ecto queries against table names are also supported:
import Ecto.Query

MyApp.AnalyticsRepo.all(
  from event in "events",
    where: event.id > 1,
    order_by: [asc: event.id],
    select: %{id: event.id, name: event.name}
)
The first Ecto milestone is intentionally narrow. Repo.query/3 and simple Repo.all/2 table queries work, while joins, grouped queries, migrations, and Ecto-managed writes raise explicit unsupported-feature errors.
Current limitations
	Bind parameters are not exposed by this Quack client path yet. Passing non-empty params returns :parameters_not_supported.
	Append messages are defined at the protocol layer but not exposed as public API.
	Ecto support is limited to raw SQL through Repo.query/3 and simple read-only table queries through Repo.all/2.
	Quack is experimental and may change with DuckDB releases.

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



  

    QuackDB Research

This document captures the initial research for an Elixir implementation of DuckDB's Quack remote protocol, designed for later Ecto consumption.
Goal
Build a remote DuckDB client for Elixir that is:
	protocol-native, not CLI-backed;
	pure Elixir at the transport/codec layer where possible;
	structured around DBConnection so Ecto can consume it later;
	capable of streaming analytical result sets;
	explicit about protocol instability and unsupported DuckDB vector encodings.

Recommended package/module plan:
	Hex package: quackdb
	Main namespace: QuackDB
	Future Ecto adapter package or module: Ecto.Adapters.QuackDB

Primary sources
	DuckDB docs/blog: Quack: The DuckDB Client-Server Protocol
	DuckDB docs: Quack overview, reference, security, reverse proxy setup, WASM setup
	Source repo: duckdb/duckdb-quack, branch v1.5-variegata
	Protocol files:	src/include/quack_message.json
	src/include/quack_message.hpp
	src/serialize_quack_message.cpp
	src/quack_message.cpp
	src/quack_server.cpp
	src/quack_http_server.cpp
	src/quack_client.cpp


	Clean-room/community implementations:	tobilg/quack-protocol TypeScript client
	CurtHagenlocher/quack-net .NET client
	gizmodata/adbc-driver-quack


	Elixir adapter references:	ecto_sqlite3
	old ecto_duckdb
	quack_lake
	db_connection
	ecto_sql



Quack protocol summary
Quack is an experimental DuckDB client/server protocol. The official extension lets DuckDB instances communicate over HTTP. It supports remote query execution, result fetching, append operations, token authentication, authorization callbacks, and multiple concurrent clients.
The protocol is HTTP-based but the body is not JSON. Requests are binary Quack messages using DuckDB's internal BinarySerializer conventions for objects, logical types, and DataChunks.
Transport
	Endpoint: POST /quack
	Default port: 9494
	Request body: raw binary Quack message
	Practical request content type: application/duckdb
	Current C++ server may respond with application/vnd.duckdb
	GET / returns a plain-text hint
	Browser-oriented server CORS is broad:	Access-Control-Allow-Origin: *
	Access-Control-Allow-Methods: GET, POST, OPTIONS
	Access-Control-Allow-Headers: *



Connection lifecycle
	Send CONNECTION_REQUEST without a connection id.
	Receive CONNECTION_RESPONSE; store header.connection_id.
	Send PREPARE_REQUEST with the connection id.
	Receive schema, initial result chunks, needs_more_fetch, and result_uuid.
	If more data is needed, repeat FETCH_REQUEST with the same connection id and result UUID.
	Send DISCONNECT_MESSAGE when closing.

Server state is in-memory and keyed by connection_id. Any message except CONNECTION_REQUEST requires a valid connection id. Invalid sessions return ERROR_RESPONSE("Invalid connection id").
The server uses a per-connection mutex and stores one active query result per connection. A new prepare request resets prior result state.
Message envelope
Every message contains:
	MessageHeader
	Message-specific body

Header fields:
	Field id	Name	Type
	1	type	message type enum
	2	connection_id	string
	3	client_query_id	optional index

Known message type ids:
	Id	Name
	0	INVALID
	1	CONNECTION_REQUEST
	2	CONNECTION_RESPONSE
	3	PREPARE_REQUEST
	4	PREPARE_RESPONSE
	7	FETCH_REQUEST
	8	FETCH_RESPONSE
	9	APPEND_REQUEST
	10	SUCCESS_RESPONSE
	11	DISCONNECT_MESSAGE
	100	ERROR_RESPONSE

The server accepts only connection requests, prepare requests, fetch requests, append requests, and disconnect messages.
Message bodies
CONNECTION_REQUEST
	Field id	Name	Type
	1	auth_string	string
	2	client_duckdb_version	string
	3	client_platform	string
	4	min_supported_quack_version	u64/index
	5	max_supported_quack_version	u64/index

The current protocol version target is 1.
CONNECTION_RESPONSE
	Field id	Name	Type
	1	server_duckdb_version	string
	2	server_platform	string
	3	quack_version	u64/index

The negotiated connection id is in the header.
PREPARE_REQUEST
	Field id	Name	Type
	1	sql_query	string

Despite the name, current implementations treat this as remote execution and return initial result chunks.
PREPARE_RESPONSE
	Field id	Name	Type
	1	result_types	list of DuckDB logical types
	2	result_names	list of strings
	3	needs_more_fetch	bool
	4	results	list of nullable DataChunkWrapper pointers
	5	result_uuid	hugeint

FETCH_REQUEST
	Field id	Name	Type
	1	uuid	hugeint

FETCH_RESPONSE
	Field id	Name	Type
	1	results	list of DataChunkWrapper
	2	batch_index	optional index

APPEND_REQUEST
	Field id	Name	Type
	1	schema_name	string
	2	table_name	string
	3	append_chunk	nullable DataChunkWrapper

SUCCESS_RESPONSE
Empty object.
DISCONNECT_MESSAGE
Empty object.
ERROR_RESPONSE
	Field id	Name	Type
	1	message	string

There are no typed error codes in the protocol today, so the Elixir package should normalize server string errors into structured %QuackDB.Error{} values where possible.
Binary serialization
Quack reuses DuckDB BinarySerializer semantics.
Important primitives:
	Object = ordered fields followed by end marker.
	Field id = uint16 little-endian.
	End-of-object marker = 0xFFFF.
	Required fields should appear as expected.
	Optional/default fields may be omitted.
	Bool = one byte, 0 or 1.
	Unsigned integers = ULEB128.
	Signed integers = SLEB128.
	Strings/blobs = ULEB128 byte length + raw bytes.
	Lists = ULEB128 length + elements.
	Nullable pointer = bool-present flag + value when present.
	optional_idx absent sentinel = 0xFFFF_FFFF_FFFF_FFFF.
	Message hugeint = signed upper half + unsigned lower half using LEB128.
	Fixed-width vector numeric payloads are little-endian.

The core Elixir codec should be isolated and testable independently from HTTP.
Result chunks and vectors
DataChunkWrapper is an object with field 300 containing a DataChunk.
DataChunk fields:
	Field id	Meaning
	100	row count
	101	list of logical types
	102	list of vectors

Known vector types:
	Id	Name
	0	FLAT
	1	FSST
	2	CONSTANT
	3	DICTIONARY
	4	SEQUENCE

Recommended support order:
	Flat vectors for scalar primitive types.
	Validity masks.
	Constant vectors.
	Dictionary vectors.
	Sequence vectors.
	Nested list/array/struct/map types.
	Append encoding.
	FSST only if needed and spec/source behavior is clear.

Validity mask notes:
	Size = ceil(row_count / 64) * 8 bytes.
	Set bit means valid.
	Bit index formula: byte[index / 8] & (1 << (index % 8)).

Security
Server startup is done with DuckDB SQL like:
SELECT quack_serve('0.0.0.0:9494', token := '...', allow_other_hostname := true);
Relevant server behavior:
	A random token is generated unless supplied.
	Minimum token length is 4 characters.
	The server binds localhost by default.
	External host binding requires allow_other_hostname := true.
	Server does not terminate TLS; production should use a reverse proxy.
	Auth happens on CONNECTION_REQUEST.
	Authorization happens on every PREPARE_REQUEST and on append via the same authorization hook.

Client behavior should include:
	token support;
	HTTPS support;
	configurable Req/Finch transport options;
	clear warning/errors for non-local plain HTTP when appropriate;
	no assumption that connection ids can move between load-balanced upstreams.

Ecto and DBConnection integration
The project should not start with an Ecto adapter. It should first implement a DBConnection driver because Ecto SQL already expects that shape.
Recommended layers:
QuackDB
├── public client API
├── DBConnection-facing driver
├── HTTP transport
├── protocol message codec
├── logical type and vector codecs
├── result structs
└── future Ecto adapter
DBConnection layer
Implement a module similar to QuackDB.Connection or QuackDB.DBConnection that uses DBConnection and handles:
	connect/1: send CONNECTION_REQUEST, store connection id and negotiated protocol version.
	disconnect/2: send DISCONNECT_MESSAGE if possible.
	ping/1: cheap SELECT 1 or a protocol-level no-op if added later.
	handle_prepare/3: represent a query struct; Quack has no true server-side prepared statement yet.
	handle_execute/4: run SQL, collect or stream chunks.
	handle_begin/2, handle_commit/2, handle_rollback/2: execute BEGIN, COMMIT, ROLLBACK and track status.
	handle_status/2: return :idle, :transaction, or :error.
	handle_declare/4, handle_fetch/4, handle_deallocate/4: use Quack result_uuid fetch flow for streaming.

Result structs should satisfy Ecto SQL expectations:
%QuackDB.Result{
  command: :select,
  columns: ["id", "name"],
  rows: [[1, "Ada"]],
  num_rows: 1,
  metadata: %{}
}
For command statements:
%QuackDB.Result{command: :update, columns: nil, rows: nil, num_rows: affected_count}
Ecto adapter layer
A later Ecto adapter should use:
defmodule Ecto.Adapters.QuackDB do
  use Ecto.Adapters.SQL, driver: QuackDB.DBConnection
end
Required adapter pieces:
	Ecto.Adapters.SQL.Connection implementation for SQL generation and DBConnection bridge.
	Ecto.Adapter.Storage if mix ecto.create/drop should be supported.
	Ecto.Adapter.Structure if dump/load should be supported.
	Ecto.Adapter.Migration policy:	supports_ddl_transaction?/0
	lock_for_migrations/3


	type mapping and DDL generation.
	constraint error mapping.
	explicit errors for unsupported Ecto features.

Best reference is ecto_sqlite3 because it is complete and uses ? placeholders, but DuckDB-specific SQL and types should not blindly inherit SQLite assumptions.
Existing package landscape
	Package	Approach	Fit for this project
	duckdbex	active embedded DuckDB NIF	complementary local DuckDB option, not remote
	duckdb_ex	DuckDB CLI wrapper with Python-like API	not ideal for DBConnection/Ecto semantics
	exduckdb	old NIF via SQLite wrapper	historical only
	ecto_duckdb	old Ecto adapter over exduckdb	prior art, not a remote protocol foundation
	quack_lake	DuckLake management with Ecto adapters over duckdbex	modern reference, but DuckLake/local focused
	adbc	Arrow ADBC bindings	possible optional result/backend integration later
	ex_arrow	Arrow IPC/Flight/Flight SQL	useful for future Arrow interop, not Quack itself

Differentiation:
quackdb is a remote DuckDB Quack protocol client, not an embedded driver, not a CLI wrapper, and not a DuckLake management library.

Constraints and risks
	Quack is experimental and tied to DuckDB internal serialization.
	The public protocol spec is incomplete; the source and community clients are the practical spec.
	There is no bind-parameter message in the inspected protocol.
	No in-protocol cancellation exists.
	Error responses are string-only.
	FSST and some logical/vector types may need deferral.
	Load-balanced deployments require session affinity because connection state is server-local.
	Ecto expects row-oriented results and transaction semantics; Quack is more analytical/chunk-oriented.

Implementation plan
Phase 1: codec foundation
	Binary reader/writer for ULEB128, SLEB128, strings, blobs, booleans, field ids, object end markers.
	Header and message structs.
	Message encode/decode for connection, prepare, fetch, success, error, disconnect.
	Golden tests against bytes from TypeScript/.NET clients or local generated fixtures.

Phase 2: HTTP client and session
	URI normalization for quack://host:port, http://, https://, and localhost defaults.
	connect/1, disconnect/1, query/2.
	Token authentication.
	Structured %QuackDB.Error{}.
	Integration tests against a running Quack server when available.

Phase 3: result decoding
	Logical type decoder for common scalar types.
	DataChunk and flat vector decoding.
	Validity masks.
	Row materialization.
	Constant/dictionary/sequence vectors.
	Date/time/timestamp/decimal/UUID support.

Phase 4: streaming
	Preserve result_uuid and fetch flow.
	QuackDB.stream/3 with backpressure.
	DBConnection cursor callbacks.
	Chunk-size configuration.

Phase 5: DBConnection driver
	Query struct and result struct.
	Connection lifecycle under DBConnection pooling.
	Transaction status tracking.
	Clear behavior on HTTP/server disconnects.
	Query timeouts.

Phase 6: append and encoding
	Encode common scalar flat vectors.
	append/4 for table ingestion.
	Optional Explorer/Arrow ingestion adapters later.

Phase 7: Ecto adapter
	Ecto.Adapters.QuackDB using Ecto.Adapters.SQL.
	SQL generation based on DuckDB dialect.
	DDL/migrations.
	Repo.all, Repo.insert, Repo.update, Repo.delete, Repo.query.
	Repo.stream if DBConnection cursor support is complete.

Testing strategy
	Codec unit tests with exact byte fixtures.
	Protocol roundtrip tests for every message type.
	Result decoding fixtures covering all vector encodings and logical types.
	Optional integration tests gated by QUACKDB_TEST_URI and QUACKDB_TEST_TOKEN.
	DBConnection behavior tests with a local server.
	Future Ecto adapter tests using an example repo and migrations.

Initial public API sketch
{:ok, conn} = QuackDB.start_link(uri: "http://localhost:9494", token: "secret")

{:ok, result} = QuackDB.query(conn, "SELECT 1 AS n")
#=> %QuackDB.Result{columns: ["n"], rows: [[1]], num_rows: 1}

QuackDB.stream(conn, "SELECT * FROM large_table")
|> Stream.each(fn rows -> ... end)
|> Stream.run()
Future Ecto usage:
defmodule MyApp.AnalyticsRepo do
  use Ecto.Repo,
    otp_app: :my_app,
    adapter: Ecto.Adapters.QuackDB
end


  

    Postgrex comparison notes

These notes compare the current QuackDB implementation with Postgrex and capture implementation ideas worth borrowing.
What Postgrex gets right
Public API over DBConnection
Postgrex exposes a small public API while delegating ownership, pooling, queuing, and transactions to DBConnection:
	Postgrex.query/4
	Postgrex.query!/4
	Postgrex.prepare/4
	Postgrex.prepare!/4
	Postgrex.prepare_execute/5
	Postgrex.execute/4
	Postgrex.stream/4

The public functions build query structs and call DBConnection.prepare_execute/4, DBConnection.execute/4, or DBConnection.reduce/3.
QuackDB implication: the current GenServer client is fine for codec/protocol discovery, but the durable design should introduce a DBConnection driver early and make QuackDB.query/4 a wrapper over DBConnection instead of a custom GenServer call.
Query struct as protocol boundary
Postgrex.Query carries the stable query metadata:
	statement/name
	parameter types/formats
	result columns/types/formats
	type codec state
	cache/reference metadata

It implements DBConnection.Query:
	parse/2
	describe/2
	encode/3
	decode/3

QuackDB implication: add %QuackDB.Query{} now, even before Quack supports real bind parameters. It can carry:
	statement
	columns
	result_types
	result_uuid
	needs_more_fetch?
	cache/ref for future prepared-statement semantics

This gives Ecto/DBConnection a proper query term and avoids overloading raw strings.
Result struct compatibility
Postgrex.Result is close to what Ecto SQL wants:
	command
	columns
	rows
	num_rows
	connection_id
	messages

It also implements Table.Reader, de-duplicating column names for table consumers.
QuackDB implication: extend QuackDB.Result with connection_id and messages eventually, and add Table.Reader when table is available. Keep rows/num_rows Ecto-shaped.
Type codec architecture
Postgrex has a mature extension system:
	Postgrex.Types
	Postgrex.Extension
	per-type modules under Postgrex.Extensions.*
	cached type metadata in ETS

QuackDB does not need dynamic OID lookup, but the separation is valuable.
QuackDB implication: split the current large DataChunk decoder into smaller modules:
	QuackDB.Protocol.LogicalType
	QuackDB.Protocol.Vector
	QuackDB.Protocol.Value
	QuackDB.Protocol.DataChunk

Long term, type conversion should be configurable, e.g. dates as Date vs tagged raw structs, decimals as Decimal vs raw unscaled structs.
Streaming design
Postgrex streaming is DBConnection-native:
	public %Postgrex.Stream{} implements Enumerable
	internally uses DBConnection.Stream / DBConnection.PrepareStream
	protocol implements handle_declare/4, handle_fetch/4, handle_deallocate/4

QuackDB implication: Quack's result_uuid maps naturally to a DBConnection cursor. Repo.stream/2 later should use:
	handle_declare: send prepare request, store result UUID and first chunks
	handle_fetch: yield queued chunks, then send FETCH_REQUEST
	handle_deallocate: drain/close cursor state if needed

Current eager fetch-all behavior should remain query/4, but streaming should not materialize all rows.
Transaction status and locks
Postgrex tracks connection state with :idle | :transaction | :error and also uses locked states like {status, ref} while a copy/cursor operation owns the connection. It rejects prepare/execute/commit/etc. while locked.
QuackDB implication: track:
	status: :idle | :transaction | :error

	optional lock_ref or cursor owner while a result UUID stream is open

This matters because Quack has one active query result per connection.
Error structs and messages
Postgrex errors preserve structured server metadata and produce nice exception messages. Quack only has string errors today, but we can still normalize common cases.
QuackDB implication: enrich %QuackDB.Error{} with:
	query
	connection_id
	server message
	maybe classification derived from known string patterns, e.g. :invalid_connection_id, :authorization_failed

Protocol modules are separate from public API
Postgrex separates:
	public Postgrex
	wire Postgrex.Protocol
	message records in Postgrex.Messages
	query/result structs
	type extensions

QuackDB implication: continue keeping codec modules independent from transport and DBConnection. Avoid putting HTTP, GenServer, and binary parsing in the same module.
Gaps in QuackDB compared with Postgrex
Current QuackDB is still a discovery client. Missing Postgrex-inspired pieces:
	DBConnection protocol module.
	Query struct implementing DBConnection.Query.
	Native stream struct implementing Enumerable.
	Transaction callbacks and status tracking.
	Query metadata preservation between prepare and execute.
	Configurable type conversion.
	Rich error metadata and exception messages.
	Command detection/affected row handling.
	Integration with Table.Reader.
	A separate value/vector decoder module split.

Implemented from this comparison
The first DBConnection-shaped core is now in place:
lib/quack_db/query.ex
lib/quack_db/db_connection.ex
lib/quack_db/stream.ex
lib/quack_db/cursor.ex
Implemented pieces:
	%QuackDB.Query{statement, columns, result_types, result_uuid}.
	DBConnection.Query implementation with decode_mapper support.
	QuackDB.DBConnection with:	connect/1
	disconnect/2
	ping/1
	handle_prepare/3
	handle_execute/4
	transaction callbacks via SQL BEGIN, COMMIT, ROLLBACK
	initial cursor/stream callbacks backed by Quack result_uuid


	QuackDB.query/4, prepare/3, prepare_execute/4, and stream/4 now use DBConnection.

Still worth improving:
	Add richer transaction tests against a real Quack server.
	Split vector decoding out of DataChunk once LIST/STRUCT/ARRAY support lands.



  

    
Ecto.Adapters.QuackDB 
    



      
Minimal Ecto SQL adapter for QuackDB.
The first Ecto milestone intentionally supports raw SQL through
Ecto.Adapters.SQL.query/4 and repository query/3 helpers only. Schema
query generation, migrations, storage callbacks, and write planning are not
implemented yet.
Configuration
config :my_app, MyApp.AnalyticsRepo,
  adapter: Ecto.Adapters.QuackDB,
  uri: "http://[::1]:9494",
  token: "super_secret"

      




  

    
Ecto.Adapters.QuackDB.Connection 
    



      
Ecto SQL connection callbacks backed by QuackDB.DBConnection.
This module currently implements the raw query path used by
Ecto.Adapters.SQL.query/4 and Repo.query/3. Higher-level Ecto query
generation callbacks raise explicit unsupported-feature errors until the
adapter grows beyond raw SQL execution.

      




  

    
QuackDB 
    



      
Remote DuckDB Quack protocol client.
The public API is backed by DBConnection so it can grow into an Ecto adapter
without changing the lower-level protocol codec.

      


      
        Summary


  
    Types
  


    
      
        start_option()

      


    





  
    Functions
  


    
      
        child_spec(options)

      


    


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

      


    


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

      


    


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

      


    


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

      


    


    
      
        start_link(options)

      


    


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

      


    





      


      
        Types


        


  
    
      
    
    
      start_option()



        
          
        

    

  


  

      

          @type start_option() ::
  {:uri, String.t()} | {:token, String.t()} | {:name, GenServer.name()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(options)



        
          
        

    

  


  

      

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


      



  



    

  
    
      
    
    
      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()


      



  



  
    
      
    
    
      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.Application 
    



      
OTP application entry point for QuackDB.
Starts the supervision tree used by the package. Connection processes are
started by callers through QuackDB.start_link/1 or child specs.

      




  

    
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.DBConnection 
    



      
DBConnection implementation for the remote DuckDB Quack protocol.
This module owns connection lifecycle, request execution, cursor-based
streaming, transaction callbacks, and result normalization. It intentionally
keeps HTTP transport and binary protocol encoding delegated to lower-level
modules so the protocol codec can stay independent from DBConnection.
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    Types
  


    
      
        state()

      


    





  
    Functions
  


    
      
        child_spec(options)

      


    


    
      
        start_link(options)

      


    





      


      
        Types


        


  
    
      
    
    
      state()



        
          
        

    

  


  

      

          @type state() :: %QuackDB.DBConnection{
  client_version: String.t(),
  connection_id: String.t() | nil,
  cursors: map(),
  server: QuackDB.Protocol.Message.ConnectionResponse.t() | nil,
  status: DBConnection.status(),
  token: String.t(),
  transport: function(),
  uri: URI.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(options)



        
          
        

    

  


  

      

          @spec child_spec(Keyword.t()) :: Supervisor.child_spec()


      



  



  
    
      
    
    
      start_link(options)



        
          
        

    

  


  

      

          @spec start_link(Keyword.t()) :: GenServer.on_start()


      



  


        

      


  

    
QuackDB.Inspect 
    



      
Shared helpers for compact Inspect protocol implementations.
The helpers keep IEx output useful for manual protocol debugging by truncating
large strings, shortening connection ids, and summarizing potentially large
row sets.
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    Functions
  


    
      
        container(name, fields, opts)

      


    


    
      
        rows_preview(rows)

      


    


    
      
        rows_summary(rows)

      


    


    
      
        short_id(value)

      


    


    
      
        truncate(value, limit \\ 80)

      


    





      


      
        Functions


        


  
    
      
    
    
      container(name, fields, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      rows_preview(rows)



        
          
        

    

  


  


  



  
    
      
    
    
      rows_summary(rows)



        
          
        

    

  


  


  



  
    
      
    
    
      short_id(value)



        
          
        

    

  


  


  



    

  
    
      
    
    
      truncate(value, limit \\ 80)



        
          
        

    

  


  


  


        

      


  

    
QuackDB.Protocol 
    



      
Quack protocol constants and codec entry point.
The actual encoder/decoder will live below this namespace. This module keeps
protocol-level names in one place so message codecs, transport, and tests do
not duplicate numeric ids.
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    Functions
  


    
      
        field_end()

      


    


    
      
        message_type(name)

      


    


    
      
        message_types()

      


    


    
      
        optional_index_invalid()

      


    





      


      
        Functions


        


  
    
      
    
    
      field_end()



        
          
        

    

  


  

      

          @spec field_end() :: 65535


      



  



  
    
      
    
    
      message_type(name)



        
          
        

    

  


  

      

          @spec message_type(atom()) :: non_neg_integer()


      



  



  
    
      
    
    
      message_types()



        
          
        

    

  


  

      

          @spec message_types() :: %{required(atom()) => non_neg_integer()}


      



  



  
    
      
    
    
      optional_index_invalid()



        
          
        

    

  


  

      

          @spec optional_index_invalid() :: 18_446_744_073_709_551_615


      



  


        

      


  

    
QuackDB.Protocol.Codec 
    



      
Encoder and decoder for top-level Quack protocol messages.
This module converts between message structs and wire-format binaries. It is
kept independent from HTTP, DBConnection, and public client APIs so protocol
compatibility can be tested in isolation.
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        decode(binary)

      


    


    
      
        decode_header(binary)

      


    


    
      
        encode(message, options \\ [])

      


    


    
      
        encode_header(header)
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      decoded_message()



        
          
        

    

  


  

      

          @type decoded_message() :: {QuackDB.Protocol.Message.Header.t(), struct()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(binary)



        
          
        

    

  


  

      

          @spec decode(binary()) :: {:ok, decoded_message()} | {:error, QuackDB.Error.t()}


      



  



  
    
      
    
    
      decode_header(binary)



        
          
        

    

  


  

      

          @spec decode_header(binary()) ::
  QuackDB.Protocol.Reader.read_result(QuackDB.Protocol.Message.Header.t())


      



  



    

  
    
      
    
    
      encode(message, options \\ [])



        
          
        

    

  


  

      

          @spec encode(
  struct(),
  Keyword.t()
) :: iodata()


      



  



  
    
      
    
    
      encode_header(header)



        
          
        

    

  


  

      

          @spec encode_header(QuackDB.Protocol.Message.Header.t()) :: iodata()


      



  


        

      


  

    
QuackDB.Protocol.DataChunk 
    



      
Decoder for DuckDB Quack DataChunk payloads.
Data chunks carry a row count, logical types, and column vectors. This module
validates the chunk wrapper and converts decoded vectors into row-oriented
results for the current DBConnection/Ecto-facing API.
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    Types
  


    
      
        column()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        decode_wrapper(binary)

      


    


    
      
        rows(chunk, names \\ nil)
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      column()



        
          
        

    

  


  

      

          @type column() :: %{
  type: QuackDB.Protocol.LogicalType.t(),
  vector_type: atom(),
  values: [term()]
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuackDB.Protocol.DataChunk{
  columns: [column()],
  row_count: non_neg_integer(),
  types: [QuackDB.Protocol.LogicalType.t()]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode_wrapper(binary)



        
          
        

    

  


  

      

          @spec decode_wrapper(binary()) :: QuackDB.Protocol.Reader.read_result(t())


      



  



    

  
    
      
    
    
      rows(chunk, names \\ nil)



        
          
        

    

  


  

      

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


      



  


        

      


  

    
QuackDB.Protocol.LogicalType 
    



      
Decoder and metadata helpers for DuckDB logical types.
Maps Quack logical type ids to names, derives physical storage types, and
exposes nested type metadata used by vector decoding.

      


      
        Summary


  
    Types
  


    
      
        id()
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        array_size(type)
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        fixed_size(type)

      


    


    
      
        fixed_size?(type)
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        struct_children(type)
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      id()



        
          
        

    

  


  

      

          @type id() :: non_neg_integer()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuackDB.Protocol.LogicalType{
  id: id(),
  name: atom() | nil,
  type_info: map() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      array_size(type)



        
          
        

    

  


  

      

          @spec array_size(t()) :: non_neg_integer()


      



  



  
    
      
    
    
      child_type(type)



        
          
        

    

  


  

      

          @spec child_type(t()) :: t()


      



  



  
    
      
    
    
      decode(binary)



        
          
        

    

  


  

      

          @spec decode(binary()) :: QuackDB.Protocol.Reader.read_result(t())


      



  



  
    
      
    
    
      fixed_size(type)



        
          
        

    

  


  

      

          @spec fixed_size(atom()) :: pos_integer()


      



  



  
    
      
    
    
      fixed_size?(type)



        
          
        

    

  


  

      

          @spec fixed_size?(atom()) :: boolean()


      



  



  
    
      
    
    
      id(name)



        
          
        

    

  


  

      

          @spec id(atom()) :: id()


      



  



  
    
      
    
    
      name(id)



        
          
        

    

  


  

      

          @spec name(id()) :: atom() | nil


      



  



  
    
      
    
    
      physical_type(type)



        
          
        

    

  


  

      

          @spec physical_type(t()) :: atom()


      



  



  
    
      
    
    
      struct_children(type)



        
          
        

    

  


  

      

          @spec struct_children(t()) :: [%{name: String.t(), type: t()}]


      



  


        

      


  

    
QuackDB.Protocol.Message 
    



      
Struct definitions for Quack protocol messages.
These structs represent the protocol layer only. Encoding and decoding live in
QuackDB.Protocol.Codec, while transport and DBConnection concerns stay in
higher-level modules.

      




  

    
QuackDB.Protocol.Message.AppendRequest 
    



      
Quack append request structure.
Appends are not exposed by the public client yet, but the message shape is
kept here for protocol completeness.
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          @type t() :: %QuackDB.Protocol.Message.AppendRequest{
  append_chunk: term() | nil,
  schema_name: String.t(),
  table_name: String.t()
}


      



  


        

      


  

    
QuackDB.Protocol.Message.ConnectionRequest 
    



      
Client handshake request sent before issuing queries.
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          @type t() :: %QuackDB.Protocol.Message.ConnectionRequest{
  auth_string: String.t(),
  client_duckdb_version: String.t(),
  client_platform: String.t(),
  max_supported_quack_version: non_neg_integer(),
  min_supported_quack_version: non_neg_integer()
}


      



  


        

      


  

    
QuackDB.Protocol.Message.ConnectionResponse 
    



      
Server handshake response with DuckDB and Quack protocol version metadata.
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          @type t() :: %QuackDB.Protocol.Message.ConnectionResponse{
  quack_version: non_neg_integer(),
  server_duckdb_version: String.t(),
  server_platform: String.t()
}


      



  


        

      


  

    
QuackDB.Protocol.Message.Disconnect 
    



      
Request to close a remote Quack connection.
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          @type t() :: %QuackDB.Protocol.Message.Disconnect{}


      



  


        

      


  

    
QuackDB.Protocol.Message.ErrorResponse 
    



      
Server-side Quack error response.
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          @type t() :: %QuackDB.Protocol.Message.ErrorResponse{message: String.t()}


      



  


        

      


  

    
QuackDB.Protocol.Message.FetchRequest 
    



      
Request for more result chunks associated with a remote result UUID.
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          @type t() :: %QuackDB.Protocol.Message.FetchRequest{uuid: integer()}


      



  


        

      


  

    
QuackDB.Protocol.Message.FetchResponse 
    



      
Response carrying additional result chunks for a prepared query.
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          @type t() :: %QuackDB.Protocol.Message.FetchResponse{
  batch_index: non_neg_integer() | nil,
  results: [term()]
}


      



  


        

      


  

    
QuackDB.Protocol.Message.Header 
    



      
Message envelope metadata shared by every Quack request and response.
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          @type t() :: %QuackDB.Protocol.Message.Header{
  client_query_id: non_neg_integer() | nil,
  connection_id: String.t(),
  type: atom()
}


      



  


        

      


  

    
QuackDB.Protocol.Message.PrepareRequest 
    



      
Request to prepare and execute a SQL statement on the remote DuckDB server.
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          @type t() :: %QuackDB.Protocol.Message.PrepareRequest{sql_query: String.t()}


      



  


        

      


  

    
QuackDB.Protocol.Message.PrepareResponse 
    



      
Initial query response containing schema metadata, first chunks, and fetch state.
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          @type t() :: %QuackDB.Protocol.Message.PrepareResponse{
  needs_more_fetch: boolean(),
  result_names: [String.t()],
  result_types: [term()],
  result_uuid: integer(),
  results: [term() | nil]
}


      



  


        

      


  

    
QuackDB.Protocol.Message.SuccessResponse 
    



      
Empty success response used by protocol operations without result data.
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          @type t() :: %QuackDB.Protocol.Message.SuccessResponse{}


      



  


        

      


  

    
QuackDB.Protocol.Reader 
    



      
Binary reader primitives for the Quack wire format.
Provides field ids, LEB128 integers, strings/blobs, nullable values, optional
indexes, fixed-width numbers, and DuckDB hugeint decoding with structured
protocol errors on malformed input.
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          @type read_result(value) :: {:ok, value, binary()} | {:error, QuackDB.Error.t()}
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          @spec read_blob(binary()) :: read_result(binary())
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          @spec read_bool(binary()) :: read_result(boolean())
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when value: term()
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when value: term()
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QuackDB.Protocol.Value 
    



      
Scalar value conversion for decoded DuckDB vectors.
Converts fixed-width physical values into Elixir terms such as booleans,
integers, floats, Date, DateTime, Decimal, and tagged DuckDB intervals.
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QuackDB.Protocol.Vector 
    



      
Decoder for DuckDB vector encodings inside Quack data chunks.
Handles flat, constant, dictionary, and sequence vectors plus nested DuckDB
logical types such as LIST, STRUCT, ARRAY, and MAP.
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  type: QuackDB.Protocol.LogicalType.t(),
  vector_type: atom(),
  values: [term()]
}
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  QuackDB.Protocol.Reader.read_result(t())


      



  


        

      


  

    
QuackDB.Protocol.Writer 
    



      
Binary writer primitives for the Quack wire format.
Builds field-tagged objects and scalar encodings used by message codecs while
returning iodata so callers can avoid unnecessary binary copies.
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QuackDB.Query 
    



      
Query metadata used by the DBConnection driver.
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          @type t() :: %QuackDB.Query{
  columns: [String.t()] | nil,
  result_types: [term()] | nil,
  result_uuid: integer() | 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.
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  :select
  | :insert
  | :update
  | :delete
  | :create
  | :drop
  | :alter
  | :begin
  | :commit
  | :rollback
  | atom()
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          @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
}
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QuackDB.Stream 
    



      
Lazy stream returned by QuackDB.stream/4.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %QuackDB.Stream{
  conn: DBConnection.conn(),
  options: Keyword.t(),
  params: [term()],
  query: QuackDB.Query.t()
}


      



  


        

      


  

    
QuackDB.Transport 
    



      
HTTP transport for Quack binary requests.
Sends encoded protocol messages with DuckDB-compatible content negotiation and
normalizes HTTP/client failures into QuackDB.Error values.
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          @type option() :: {:timeout, timeout()} | {:req_options, Keyword.t()}
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          @spec post(URI.t(), iodata(), [option()]) ::
  {:ok, binary()} | {:error, QuackDB.Error.t()}
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URI normalization for Quack HTTP endpoints.
Accepts bare hosts, quack://, http://, and https:// values, then returns
a normalized %URI{} with the /quack path default expected by DuckDB Quack
servers.
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          @spec normalize(String.t()) :: {:ok, URI.t()} | {:error, QuackDB.Error.t()}


      



  


        

      


  

    
QuackDB.Error exception
    



      
Structured error returned by the QuackDB client.

      


      
        Summary


  
    Types
  


    
      
        code()

      


    


    
      
        source()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        new(code, message, options \\ [])

      


    





      


      
        Types


        


  
    
      
    
    
      code()



        
          
        

    

  


  

      

          @type code() :: atom()
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          @type source() :: :client | :server | :transport | :protocol
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          @type t() :: %QuackDB.Error{
  __exception__: true,
  code: code(),
  connection_id: String.t() | nil,
  message: String.t(),
  metadata: map(),
  query: iodata() | nil,
  retriable?: boolean(),
  source: source()
}
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