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    Quiver

A fast, resilient HTTP client for Elixir with built-in connection pooling,
HTTP/2 multiplexing, HTTP/3 over QUIC, and streaming support.
Features
	HTTP/1.1, HTTP/2, and HTTP/3 -- HTTP/1 and HTTP/2 via TLS+ALPN; HTTP/3 over QUIC (opt-in per pool)
	Connection pooling -- NimblePool for HTTP/1, GenStateMachine coordinator for HTTP/2 and HTTP/3
	Streaming responses -- lazy body streams for large payloads and SSE
	Origin-based routing -- exact, wildcard, and default pool rules per origin
	Structured errors -- three error classes (transient, invalid, unrecoverable)
	Telemetry -- request spans, connection lifecycle, and pool queue depth events
	Supervised -- pools start lazily and live under your application's supervision tree

Installation
Add quiver to your dependencies in mix.exs:
def deps do
  [
    {:quiver, "~> 0.1.0"}
  ]
end
Quick Start
Add Quiver to your supervision tree:
children = [
  {Quiver.Supervisor, pools: %{default: [size: 10]}}
]

Supervisor.start_link(children, strategy: :one_for_one)
Make requests -- no need to pass a name, Quiver uses Quiver.Pool by default:
# GET request
{:ok, %Quiver.Response{status: 200, body: body}} =
  Quiver.new(:get, "https://httpbin.org/get")
  |> Quiver.request()

# POST with headers and body
{:ok, %Quiver.Response{status: 200}} =
  Quiver.new(:post, "https://httpbin.org/post")
  |> Quiver.header("content-type", "application/json")
  |> Quiver.body(~s({"key": "value"}))
  |> Quiver.request()
Stream large responses:
{:ok, %Quiver.StreamResponse{status: 200, body: body_stream}} =
  Quiver.new(:get, "https://httpbin.org/stream/100")
  |> Quiver.stream_request()

body_stream
|> Stream.each(&IO.write/1)
|> Stream.run()
Custom supervisor name
If you need multiple Quiver instances, pass a :name option:
# Supervision tree
children = [
  {Quiver.Supervisor, name: :internal_client, pools: %{default: [size: 20]}},
  {Quiver.Supervisor, name: :external_client, pools: %{default: [size: 5]}}
]

# Requests
Quiver.new(:get, "https://internal.api/data")
|> Quiver.request(name: :internal_client)
Pool Configuration
Route origins to pools with different settings:
pools = %{
  "https://api.example.com" => [size: 50],
  "https://*.internal.io"   => [size: 20],
  default:                     [size: 5]
}

{Quiver.Supervisor, pools: pools}
Rules match by specificity: exact > wildcard > default.
By default, Quiver auto-detects the HTTP protocol via TLS ALPN negotiation.
To force a specific protocol per origin:
pools = %{
  "https://http2-only.example.com" => [size: 10, protocol: :http2],
  "https://legacy.example.com"     => [size: 10, protocol: :http1],
  default:                            [size: 5]
}
Tesla Integration
Quiver ships with an optional Tesla adapter.
Add tesla to your dependencies and configure your client:
defmodule MyClient do
  use Tesla

  plug Tesla.Middleware.BaseUrl, "https://api.example.com"
  plug Tesla.Middleware.JSON

  adapter Tesla.Adapter.Quiver
end
All requests go through the default Quiver.Pool supervisor. To target a
custom supervisor, pass it as an adapter option:
adapter Tesla.Adapter.Quiver, name: :my_quiver
Adapter-level options like streaming and timeouts can also be passed
per-request:
MyClient.get("/large-file", opts: [adapter: [response: :stream]])
MyClient.get("/slow", opts: [adapter: [receive_timeout: 60_000]])
See Tesla.Adapter.Quiver docs for all available options.
Documentation
	Getting Started
	Architecture
	Error Handling
	Telemetry
	HTTP/3

Full API documentation is available on HexDocs.
License
MIT -- see LICENSE for details.


  

    Getting Started

Installation
Add quiver to your list of dependencies in mix.exs:
def deps do
  [
    {:quiver, "~> 0.1.0"}
  ]
end
Starting a Quiver Instance
Quiver runs as a supervised process tree. Add it to your application's supervision tree:
defmodule MyApp.Application do
  use Application

  def start(_type, _args) do
    children = [
      {Quiver.Supervisor, name: :http_client, pools: %{default: []}}
    ]

    Supervisor.start_link(children, strategy: :one_for_one)
  end
end
The :name option must be a compile-time atom (e.g. :http_client). Avoid creating
names from user input -- Elixir atoms are never garbage collected.
Making Requests
Build requests with Quiver.new/2, add headers or body with Quiver.header/3 and
Quiver.body/2, then execute with Quiver.request/3:
# Simple GET
{:ok, %Quiver.Response{status: 200, body: body}} =
  Quiver.new(:get, "https://httpbin.org/get")
  |> Quiver.request(:http_client)

# POST with JSON body
{:ok, %Quiver.Response{status: 200}} =
  Quiver.new(:post, "https://httpbin.org/post")
  |> Quiver.header("content-type", "application/json")
  |> Quiver.body(~s({"key": "value"}))
  |> Quiver.request(:http_client)

# Custom headers
{:ok, response} =
  Quiver.new(:get, "https://api.example.com/data")
  |> Quiver.header("authorization", "Bearer my-token")
  |> Quiver.header("accept", "application/json")
  |> Quiver.request(:http_client)
Streaming Responses
For large responses or server-sent events, use Quiver.stream_request/3. It returns
status and headers eagerly, with a lazy body stream:
{:ok, %Quiver.StreamResponse{status: 200, headers: headers, body: body_stream}} =
  Quiver.new(:get, "https://httpbin.org/stream/100")
  |> Quiver.stream_request(:http_client)

# Consume chunks lazily
body_stream
|> Stream.each(fn chunk -> IO.write(chunk) end)
|> Stream.run()
The body stream holds a connection from the pool until fully consumed or halted.
Always consume the stream to return the connection to the pool.
Pool Configuration
Default pool
The simplest configuration uses a single default pool for all origins:
{Quiver.Supervisor, name: :http_client, pools: %{default: [size: 20]}}
Per-origin pools
Route specific origins to pools with custom settings:
pools = %{
  # Exact origin match
  "https://api.example.com" => [size: 50, protocol: :http2],

  # Wildcard: matches any subdomain of example.com
  "https://*.example.com" => [size: 10],

  # Fallback for everything else
  default: [size: 5]
}

{Quiver.Supervisor, name: :http_client, pools: pools}
Rules are matched by specificity: exact > wildcard > default.
Pool options
	Option	Default	Description
	:size	10	Maximum connections (HTTP/1) or concurrent streams per connection (HTTP/2)
	:protocol	:http1	Force :http1 or :http2
	:checkout_timeout	5000	Max ms to wait for an available connection
	:idle_timeout	30000	Close connections idle longer than this
	:ping_interval	5000	HTTP/2 PING frame interval
	:max_connections	5	Max HTTP/2 connections per origin
	:transport_opts	[]	Options passed to the transport layer

Error Handling
Quiver returns tagged tuples. Errors are classified by recoverability:
case Quiver.new(:get, url) |> Quiver.request(:http_client) do
  {:ok, %Quiver.Response{status: status, body: body}} ->
    handle_success(status, body)

  {:error, %Quiver.Error{class: :transient}} ->
    # Retry-safe: timeouts, connection closed, DNS failures
    retry_later()

  {:error, %Quiver.Error{class: :invalid}} ->
    # Fix the request: bad scheme, malformed headers
    log_caller_error()

  {:error, %Quiver.Error{class: :unrecoverable}} ->
    # Infrastructure issue: TLS failures, protocol violations
    escalate()
end
See the Error Handling guide for the full error reference.


  

    Architecture

Quiver is organized in four layers: Client API, Pool, Connection, and Transport.
Each layer has a clear responsibility and communicates with the layer below through
well-defined interfaces.
Request Flow
Quiver.request/3
  |> Pool.Manager.get_pool/2       (stateless lookup / lazy start)
  |> Pool.request/6                (HTTP1, HTTP2, or HTTP3 pool)
  |> Conn.request/6                (wire protocol)
  |> Transport.send/recv           (SSL, TCP, or QUIC via :quic_h3)
Client API Layer
The top-level Quiver module provides the public interface:
	Quiver.new/2 -- build a request struct
	Quiver.header/3, Quiver.body/2 -- attach headers and body
	Quiver.request/3 -- execute and receive the full response
	Quiver.stream_request/3 -- execute with a lazy body stream

The client API is stateless. It resolves the target origin from the URL,
finds (or starts) a pool through the Manager, then delegates to the pool.
Pool Manager
Quiver.Pool.Manager is a stateless router. On the hot path it looks up an
existing pool via Registry. On the cold path (first request to an origin)
it starts a new pool under DynamicSupervisor and the pool self-registers.
Protocol detection uses :persistent_term: each pool writes
{PoolModule, pid} => true on init. The manager checks each registered
pool module to dispatch to Pool.HTTP1, Pool.HTTP2, or Pool.HTTP3.
Pool Layer
Both pool implementations conform to the Quiver.Pool behaviour, which defines
request/6 and stats/1 callbacks.
HTTP/1 Pool
Quiver.Pool.HTTP1 uses NimblePool for
connection pooling. Connections are created lazily in the caller's process and
checked back in after each request. The pool maintains stats (idle, active, queued)
in an ETS table.
For streaming, the pool uses a keeper task pattern: a background task holds the
NimblePool slot while the caller consumes the body stream, ensuring the connection
stays checked out for the duration of the stream.
HTTP/2 Pool
Quiver.Pool.HTTP2 uses a two-level architecture:
	Coordinator (Pool.HTTP2) -- a GenStateMachine per origin with :idle and
:connected states. Routes callers to connections with available stream slots.
Manages the queue of waiting callers when all slots are occupied.

	Connection worker (Pool.HTTP2.Connection) -- a GenStateMachine per connection
with :connected and :draining states. Owns the HTTP/2 connection, manages
stream multiplexing, and handles GOAWAY graceful drain.


The coordinator uses a two-phase caller model: the caller makes a gen_statem call to
the coordinator, which forwards {:forward_request, from, ...} to a worker. The worker
replies directly to the original caller's from, keeping the coordinator out of the
data path.
HTTP/3 Pool
Quiver.Pool.HTTP3 mirrors the HTTP/2 two-level architecture:
	Coordinator (Pool.HTTP3) -- a GenStateMachine per origin (:idle /
:connected states). Routes callers to connection workers with available
stream slots, eagerly expanding up to max_connections, and queues callers
when all slots are saturated.

	Connection worker (Pool.HTTP3.Connection) -- a GenStateMachine per
QUIC connection with :connecting, :connected, and :draining states.
Owns the :quic_h3 connection pid, translates QUIC events into caller
replies, handles GOAWAY-driven drain, and emits connection telemetry.


The HTTP/3 handshake is asynchronous: the worker starts in :connecting,
queues any requests forwarded during the handshake, and flushes them on
transition to :connected. It notifies the coordinator via
{:connection_ready, pid, peer_max_streams} so the coordinator only picks
fully-established connections.
The coordinator uses the same two-phase caller model as HTTP/2: workers reply
directly to the original caller's from. Request body streaming uses linked
tasks per stream that pump enumerables back to the worker as
{:stream_chunk, sid, chunk} / {:stream_end, sid} info messages.
Connection Layer
The Quiver.Conn behaviour defines the wire protocol interface. Two implementations:
HTTP/1.1
Quiver.Conn.HTTP1 implements synchronous request/response. Sub-modules handle
parsing (HTTP1.Parse) and request formatting (HTTP1.Request). Supports
keep-alive for connection reuse and chunked transfer encoding.
HTTP/2
Quiver.Conn.HTTP2 is a stateless data struct (not a process). It handles:
	TLS+ALPN negotiation (no h2c/cleartext upgrade)
	HPACK header compression via the hpax library
	Flow control with per-stream and connection-level windows
	Frame codec (HTTP2.Frame) for encoding and decoding

The HTTP/2 connection struct is owned and mutated by the Connection worker process.
HTTP/3
Quiver.Conn.HTTP3 wraps the :quic_h3 library (which itself owns the QUIC
connection and HTTP/3 framing layer). Unlike Conn.HTTP2 it is not a
self-contained codec; framing, HPACK/QPACK, and flow control all live inside
:quic_h3. The Quiver-side module focuses on:
	Building HTTP/3 pseudo-header lists from (method, path, headers, origin)
tuples (validating forbidden headers and normalising case).
	Querying peer settings such as peer_max_streams.
	Mapping QUIC and HTTP/3 error codes onto Quiver's structured error types
(H3StreamError, H3GoAway, QUICTransportError, QUICHandshakeFailed).

HTTP/3 is HTTPS-only (no cleartext fallback); the transport is QUIC over UDP
and ALPN negotiates the h3 token directly inside the QUIC handshake.
Transport Layer
The Quiver.Transport behaviour abstracts socket operations with two implementations:
	Quiver.Transport.SSL -- TLS sockets with certificate verification via castore
	Quiver.Transport.TCP -- plain TCP sockets

Sockets are passive by default. Use activate/1 to switch to {:active, :once} mode
for receiving server-initiated frames (HTTP/2 PING, GOAWAY).
For HTTP/3, the transport is QUIC over UDP and is owned by :quic_h3 itself;
Quiver does not interact with sockets directly for that protocol.
Supervision Tree
Quiver.Supervisor (:rest_for_one)
  |-- Cleanup (GenServer, traps exit to clean persistent_term)
  |-- Registry (pool lookup by origin)
  |-- DynamicSupervisor (pool processes)
        |-- Pool.HTTP1 (per origin, NimblePool)
        |-- Pool.HTTP2 (per origin, coordinator)
        |     |-- Pool.HTTP2.Connection (per connection)
        |-- Pool.HTTP3 (per origin, coordinator)
              |-- Pool.HTTP3.Connection (per connection)
The :rest_for_one strategy ensures that if the Registry crashes, the
DynamicSupervisor (and all pools) restart too, maintaining registration consistency.
Configuration
Quiver.Config validates all configuration eagerly at supervisor init time using
Zoi schema validation. Pool rules support origin
pattern matching with three specificity levels: :exact > :wildcard > :default.
Invalid configuration causes a startup crash rather than runtime surprises.


  

    Error Handling

Quiver uses Splode for structured error classification.
Every error carries a :class that tells you how to react.
Error Classes
	Class	Meaning	Action
	:transient	Temporary failure, the same request may succeed on retry	Retry with backoff
	:invalid	Caller-side mistake, the request itself is wrong	Fix the input
	:unrecoverable	Infrastructure broken, won't resolve on its own	Escalate / alert

Pattern Matching on Errors
case Quiver.new(:get, url) |> Quiver.request(:http_client) do
  {:ok, response} ->
    process(response)

  {:error, %Quiver.Error{class: :transient} = error} ->
    Logger.warning("Transient error: #{Exception.message(error)}")
    retry(url)

  {:error, %Quiver.Error{class: :invalid} = error} ->
    Logger.error("Invalid request: #{Exception.message(error)}")
    {:error, :bad_request}

  {:error, %Quiver.Error{class: :unrecoverable} = error} ->
    Logger.error("Unrecoverable: #{Exception.message(error)}")
    {:error, :service_unavailable}
end
You can also match on specific error types:
case result do
  {:error, %Quiver.Error.Timeout{}} ->
    # Handle timeout specifically

  {:error, %Quiver.Error.TLSVerificationFailed{host: host}} ->
    Logger.error("Certificate verification failed for #{host}")

  {:error, _} ->
    # Generic fallback
end
Retry Strategies by Class
Transient errors -- retry with backoff
Transient errors are safe to retry. Use exponential backoff:
defp request_with_retry(request, name, retries \\ 3, delay \\ 100)
defp request_with_retry(_request, _name, 0, _delay), do: {:error, :max_retries}

defp request_with_retry(request, name, retries, delay) do
  case Quiver.request(request, name) do
    {:ok, response} ->
      {:ok, response}

    {:error, %Quiver.Error{class: :transient}} ->
      Process.sleep(delay)
      request_with_retry(request, name, retries - 1, delay * 2)

    {:error, _} = error ->
      error
  end
end
Invalid errors -- fix and retry
Invalid errors indicate a problem with the request. Don't retry without changing the input.
Unrecoverable errors -- escalate
Unrecoverable errors signal infrastructure problems (TLS misconfiguration, protocol
violations). Log them, alert your monitoring system, and investigate.
Error Reference
Transient Errors
	Error	Description
	Quiver.Error.Timeout	Connect or receive timeout
	Quiver.Error.ConnectionClosed	Remote peer closed the connection
	Quiver.Error.ConnectionRefused	Connection refused by remote host
	Quiver.Error.ConnectionFailed	Generic connection failure
	Quiver.Error.DNSResolutionFailed	DNS lookup failed for the host
	Quiver.Error.CheckoutTimeout	Pool had no available connection within the timeout
	Quiver.Error.PoolStartFailed	Dynamic pool creation failed
	Quiver.Error.StreamClosed	Operation on a closed HTTP/2 stream
	Quiver.Error.MaxConcurrentStreamsReached	Server's max concurrent streams limit hit
	Quiver.Error.StreamError	Error while consuming a streaming response body
	Quiver.Error.GoAwayUnprocessed	Stream was never processed before GOAWAY; safe to retry on a new connection

Invalid Errors
	Error	Description
	Quiver.Error.InvalidScheme	Unsupported URI scheme
	Quiver.Error.MalformedHeaders	Unparseable HTTP header line
	Quiver.Error.InvalidContentLength	Non-numeric or conflicting content-length
	Quiver.Error.InvalidPoolOpts	Pool options failed validation
	Quiver.Error.InvalidPoolRule	Pool config key not a valid origin pattern

Unrecoverable Errors
	Error	Description
	Quiver.Error.TLSVerificationFailed	TLS certificate verification failed
	Quiver.Error.TLSHandshakeFailed	TLS handshake failed (cipher mismatch, protocol error)
	Quiver.Error.ProtocolViolation	Malformed status line, invalid version, garbage bytes
	Quiver.Error.GoAway	Connection-level GOAWAY signal; the connection is shutting down
	Quiver.Error.StreamReset	Remote peer reset a specific HTTP/2 stream
	Quiver.Error.FrameSizeError	HTTP/2 frame exceeds maximum size
	Quiver.Error.CompressionError	HPACK header decompression failed



  

    Telemetry

Quiver emits Telemetry events for requests,
connections, and pool operations. All events use the [:quiver, ...] prefix.
Event Reference
Request Span
Wraps the full lifecycle of a single HTTP request.
	Event	Measurements	Metadata
	[:quiver, :request, :start]	system_time	request, origin, name
	[:quiver, :request, :stop]	duration	request, response, origin, name
	[:quiver, :request, :exception]	duration	request, kind, reason, stacktrace, origin, name

	request -- the %Quiver.Request{} struct
	response -- the %Quiver.Response{} struct (only on :stop)
	origin -- {scheme, host, port} tuple
	name -- the Quiver instance atom name
	duration -- elapsed time in native units (use System.convert_time_unit/3)

Connection Span
Emitted when a fresh connection is established (not on reuse).
	Event	Measurements	Metadata
	[:quiver, :conn, :start]	system_time	origin, scheme
	[:quiver, :conn, :stop]	duration	origin, scheme

Connection Close
Standalone event fired when a connection is evicted from the pool.
	Event	Measurements	Metadata
	[:quiver, :conn, :close]	system_time	origin, reason

Pool Queue
Emitted when callers are queued waiting for a connection.
	Event	Measurements	Metadata
	[:quiver, :pool, :queue]	queue_length	origin, name

Example Handler
Attach handlers in your application startup:
defmodule MyApp.QuiverTelemetry do
  require Logger

  def setup do
    events = [
      [:quiver, :request, :stop],
      [:quiver, :request, :exception],
      [:quiver, :conn, :close],
      [:quiver, :pool, :queue]
    ]

    :telemetry.attach_many(
      "myapp-quiver-handler",
      events,
      &__MODULE__.handle_event/4,
      nil
    )
  end

  def handle_event([:quiver, :request, :stop], %{duration: duration}, metadata, _config) do
    ms = System.convert_time_unit(duration, :native, :millisecond)
    {scheme, host, port} = metadata.origin

    Logger.info("#{scheme}://#{host}:#{port} responded in #{ms}ms")
  end

  def handle_event([:quiver, :request, :exception], %{duration: duration}, metadata, _config) do
    ms = System.convert_time_unit(duration, :native, :millisecond)

    Logger.error(
      "Request failed after #{ms}ms: #{inspect(metadata.reason)}"
    )
  end

  def handle_event([:quiver, :conn, :close], _measurements, metadata, _config) do
    {scheme, host, port} = metadata.origin

    Logger.debug(
      "Connection closed for #{scheme}://#{host}:#{port}: #{metadata.reason}"
    )
  end

  def handle_event([:quiver, :pool, :queue], %{queue_length: len}, metadata, _config) do
    if len > 10 do
      Logger.warning("Pool queue depth #{len} for #{inspect(metadata.origin)}")
    end
  end
end
Call MyApp.QuiverTelemetry.setup() in your Application.start/2.
Integration with Metrics Libraries
Telemetry events integrate with common metrics libraries:
With Telemetry.Metrics
defmodule MyApp.Metrics do
  import Telemetry.Metrics

  def metrics do
    [
      summary("quiver.request.duration",
        unit: {:native, :millisecond},
        tags: [:origin]
      ),
      counter("quiver.request.exception.duration",
        tags: [:origin]
      ),
      last_value("quiver.pool.queue.queue_length",
        tags: [:origin]
      )
    ]
  end
end
These metrics definitions work with reporters like
TelemetryMetricsPrometheus, TelemetryMetricsStatsd, or the
built-in ConsoleReporter.


  

    HTTP/3

Quiver supports HTTP/3 over QUIC via the :quic_h3 library. HTTP/3 must be
opted into per pool; Quiver will not auto-upgrade an HTTPS origin to HTTP/3
based on Alt-Svc or any other discovery mechanism.
When to use HTTP/3
HTTP/3 inherits HTTP/2's multiplexing model but moves the transport from
TCP+TLS to QUIC (UDP). The practical wins:
	No head-of-line blocking between streams on a single connection (TCP forces
serial bytes; QUIC does not).
	Faster handshakes (typically 1-RTT, 0-RTT in some cases).
	Connection survival across path changes once migration support lands (not
in v1; see "Known limitations" below).

HTTP/3 is most useful on lossy networks or when you have many concurrent
streams over one logical connection. For low-latency, low-loss intranets,
HTTP/2 will frequently be competitive or faster.
Configuration
HTTP/3 is opted into per pool via protocol: :http3:
children = [
  {Quiver.Supervisor,
    pools: %{
      "https://h3.example.com" => [
        protocol: :http3,
        max_connections: 4,
        initial_max_streams: 100,
        quic_opts: %{
          max_idle_timeout: 30_000,
          max_udp_payload_size: 1452
        },
        h3_settings: %{
          qpack_max_table_capacity: 4096,
          qpack_blocked_streams: 16
        },
        verify: :verify_peer
      ],
      default: [size: 10]
    }
  }
]
Pool options
	Option	Default	Description
	protocol	:auto	Set to :http3 to use this pool over QUIC.
	early_data	false	Send eligible requests in the QUIC 0-RTT flight on resuming connections (RFC 8470). Only valid with protocol: :http3. Safe methods (GET/HEAD/OPTIONS/TRACE) ride early by default; override per request with early_data: true | false.
	max_connections	1	Per-origin upper bound on QUIC connections. Raise to parallelise large workloads.
	initial_max_streams	100	Local guess for the peer's stream limit; used until the handshake supplies the actual value.
	quic_opts	%{}	Map passed straight to :quic.connect/3 for transport-level tuning (idle timeout, MTU, etc.).
	h3_settings	%{}	Map of HTTP/3 SETTINGS to advertise to the peer (QPACK capacity, blocked streams, etc.).
	stream_idle_timeout	30_000	Milliseconds of consumer inactivity before a stream is reset and the caller receives :idle_timeout.
	verify	:verify_peer	Forwarded to :quic_h3; use :verify_none for self-signed test setups.
	cacerts	(none)	DER-encoded CA list for verify_peer.

HTTPS-only
HTTP/3 is HTTPS-only. Quiver enforces this at configuration time:
	A pool with protocol: :http3 and any http:// origin (in the same rule)
fails validation with Quiver.Error.InvalidPoolRule.
	A default rule with protocol: :http3 is accepted, but requests against
http:// URLs will fall through to a different rule (or fail to route).

Proxy not supported
HTTP/3 over HTTP CONNECT-style proxies is not supported in v1. Combining
protocol: :http3 with any proxy: option in the same pool config raises
Quiver.Error.InvalidPoolOpts at validation time. MASQUE (RFC 9484) support
is a likely future addition; track the project changelog.
0-RTT early data
With early_data: true on a protocol: :http3 pool, Quiver caches the
server's session tickets and, on a resuming connection (cold pool,
connection expansion, or post-idle reconnect), sends eligible requests in
the QUIC 0-RTT flight with an Early-Data: 1 header (RFC 8470).
Only replay-safe methods (GET, HEAD, OPTIONS, TRACE) ride early by
default (RFC 9001 §9.2). Override per request:
# force an unsafe method over 0-RTT (caller owns the replay risk)
Quiver.new(:post, url) |> Quiver.body(body) |> Quiver.request(early_data: true)

# force 1-RTT for a safe method
Quiver.new(:get, url) |> Quiver.request(early_data: false)
Rejection is invisible to callers: a transport-level rejection or an HTTP
425 Too Early is transparently replayed at 1-RTT (without Early-Data).
No ticket, no early keys, an expired ticket, or max_early_data == 0 all
degrade gracefully to ordinary 1-RTT. Tickets live in the per-origin pool
process and are lost (graceful fallback) if it restarts.
Making requests
The top-level API is unchanged -- the protocol is selected by the matching
pool, not the call site:
{:ok, %Quiver.Response{status: 200, body: body}} =
  Quiver.new(:get, "https://h3.example.com/items/42")
  |> Quiver.request()

{:ok, %Quiver.Response{status: 200}} =
  Quiver.new(:post, "https://h3.example.com/items")
  |> Quiver.header("content-type", "application/json")
  |> Quiver.body(~s({"name": "thing"}))
  |> Quiver.request()
Streaming responses
{:ok, %Quiver.StreamResponse{status: 200, body: body_stream}} =
  Quiver.new(:get, "https://h3.example.com/events")
  |> Quiver.stream_request()

body_stream
|> Stream.each(&IO.write/1)
|> Stream.run()
Backpressure works the same way as HTTP/2: the worker buffers chunks until
the consumer demands them, and aborting the stream cancels the QUIC stream.
Streaming request bodies
upload = Stream.repeatedly(fn -> :crypto.strong_rand_bytes(64 * 1024) end) |> Stream.take(16)

{:ok, _resp} =
  Quiver.new(:post, "https://h3.example.com/upload")
  |> Quiver.header("content-type", "application/octet-stream")
  |> Quiver.stream_body(upload)
  |> Quiver.request()
Quiver opens an HTTP/3 stream without END_STREAM, then pumps each
enumerable element as a DATA frame, and finally sends an empty DATA with
END_STREAM set. If the producer raises or the caller dies mid-stream,
Quiver cancels the QUIC stream with the appropriate H3 error code.
Datagrams
Quiver supports HTTP/3 datagrams as a callback-driven channel API. The
extension is negotiated automatically on every protocol: :http3 pool.
{:ok, final_acc} =
  Quiver.HTTP3.open_datagram_channel(
    "https://h3.example/wt/session",
    [method: :connect, protocol: "webtransport"],
    fn
      {:response, 200, _hs}, channel, acc ->
        Quiver.HTTP3.send_datagram(channel, "hello")
        {:cont, acc}

      {:datagram, payload}, _ch, acc ->
        IO.inspect(payload, label: "got")
        {:cont, [payload | acc]}

      {:closed, _reason}, _ch, acc ->
        {:halt, Enum.reverse(acc)}
    end,
    []
  )
The handler is invoked synchronously by open_datagram_channel/4 for
every event in arrival order:
	{:response, status, headers} -- usually the first event, but RFC 9297
permits a :datagram to arrive first. Tolerate channel.status == nil
in your datagram clause.
	{:datagram, payload} -- inbound datagrams. Best-effort, unreliable,
unordered (RFC 9221). Drop quietly if your application can't keep up.
	{:stream_data, bytes} -- DATA frames on the underlying H/3 stream.
Most useful for protocols that mix bytes and datagrams.
	{:trailers, headers} -- HTTP/3 trailers; terminal.
	{:closed, reason} -- channel closed; terminal. Reason is :peer,
{:reset, code}, {:goaway, gid}, or {:transport, exception}.

Use :method, :connect and a :protocol opt to open an extended-CONNECT
session, required for WebTransport, RFC 9298
Connect-UDP, and MASQUE. With :method, :get and a server that closes
the stream after 200 OK, the channel will receive :response and then
:closed, :peer immediately, with no useful window to send datagrams.
Send / query helpers
Quiver.HTTP3.send_datagram(channel, iodata)       # :ok | {:error, _}
Quiver.HTTP3.max_datagram_size(channel)           # usable payload size
Quiver.HTTP3.h3_datagrams_enabled?(channel)       # peer negotiation status
Options
	Option	Default	Meaning
	:method	:get	HTTP method (:connect for extended CONNECT).
	:protocol	nil	:protocol pseudo-header value (e.g. "webtransport").
	:headers	[]	Extra user headers.
	:name	Quiver.Pool	Supervisor instance.
	:receive_timeout	15_000	Per-event ms deadline.
	:open_timeout	5_000	Initial open-call ms deadline.
	:require_datagrams	true	Fail fast if the peer didn't negotiate.

Errors
	Quiver.Error.H3DatagramsDisabled (:transient) -- peer didn't negotiate.
	Quiver.Error.H3DatagramError -- wraps RFC 9221 transport errors. Class
is :transient except for :too_large (which is :invalid because the
caller must shrink the payload to fit max_datagram_size/1).

Telemetry
In addition to the connection-level events listed below, the datagram
channel emits events nested under [:quiver, :connection, :http3, ...]:
	Event	Measurements	Metadata
	[:quiver, :connection, :http3, :datagram, :sent]	bytes	origin, stream_id
	[:quiver, :connection, :http3, :datagram, :received]	bytes	origin, stream_id
	[:quiver, :connection, :http3, :datagram, :send_failed]	system_time	origin, stream_id, reason
	[:quiver, :connection, :http3, :datagram, :dropped]	system_time	origin, stream_id, reason
	[:quiver, :connection, :http3, :channel, :start]	system_time	origin, method, path
	[:quiver, :connection, :http3, :channel, :stop]	duration	origin, close_reason
	[:quiver, :connection, :http3, :channel, :exception]	duration	origin, kind, reason

The full list and current measurement/metadata shape is documented in
Quiver.Telemetry.
Telemetry
In addition to the protocol-agnostic [:quiver, :request, ...] span and
pool queue events, HTTP/3 emits connection-level events under
[:quiver, :connection, :http3, ...]:
	Event	Measurements	Metadata
	[:quiver, :connection, :http3, :start]	system_time	origin, pool_pid
	[:quiver, :connection, :http3, :stop]	duration	origin, peer_max_streams
	[:quiver, :connection, :http3, :exception]	duration	origin, reason, kind
	[:quiver, :connection, :http3, :draining]	system_time	origin, last_stream_id, error_code
	[:quiver, :connection, :http3, :ticket_received]	lifetime, max_early_data	origin
	[:quiver, :connection, :http3, :early_data, :sent]	count	origin, stream_id
	[:quiver, :connection, :http3, :early_data, :accepted]	count	origin
	[:quiver, :connection, :http3, :early_data, :rejected]	count	origin, reason (:early_data_rejected | :too_early_425)

:ticket_received fires when a session ticket is cached. :early_data, :sent
fires when a request is issued over 0-RTT. :early_data, :accepted fires when
the server accepts 0-RTT on a resuming connection; :early_data, :rejected
fires when 0-RTT is rejected and the affected requests are replayed at 1-RTT.
:start fires before :quic_h3.connect/3 is called. :stop fires when the
worker enters :connected (handshake complete and peer SETTINGS received).
:exception fires when the handshake fails. :draining fires once per
connection when a peer GOAWAY is first observed or self-initiated;
subsequent GOAWAY frames that only tighten the drain are not re-emitted.
The in-flight stream count keeps dropping until the connection terminates
with :normal.
The prefix is exposed for convenience as
Quiver.Telemetry.connection_http3_event_prefix/0.
TODOs
	No WebTransport / Connect-UDP / MASQUE.
	No proxy support. CONNECT tunnelling is not implemented for HTTP/3.
Combining protocol: :http3 with a proxy: option fails validation.
HTTP/1.1 and HTTP/2 already support CONNECT proxies; HTTP/3 would need
either CONNECT-UDP (RFC 9298) or MASQUE (RFC 9484), both of which are
separate projects on top of the datagrams work.
	No server push. HTTP/3 server push is not implemented; pushed streams
from the peer are ignored. :quic_h3 exports the necessary
(set_max_push_id/2, push event handling), but server push is almost
not used, so i'll only add it if there's demand.
	No Alt-Svc / HTTPS-record discovery. HTTP/3 is opt-in per pool. Quiver
will not transparently upgrade an HTTPS pool to HTTP/3.
	No connection migration API. Path migration when the local address
changes (e.g. switching networks) is not exposed.

Benchmarking
A protocol-isolated benchmark is included:
mix bench.http3

This compares Quiver HTTP/2 against Quiver HTTP/3 on the same workload
(GETs at 1 KB and 1 MB plus a small POST). Finch is omitted because it does
not support HTTP/3. Set BENCH_SMOKE=1 for a fast smoke-test run.


  

    Concurrency

Benchmark
Benchmark run from 2026-06-05 09:55:50.861986Z UTC
System
Benchmark suite executing on the following system:
  
    	Operating System
    	Linux
  

    	CPU Information
    	AMD EPYC 9V74 80-Core Processor
  

    	Number of Available Cores
    	4
  

    	Available Memory
    	15.61 GB
  

    	Elixir Version
    	1.19.4
  

    	Erlang Version
    	28.3.3
  

Configuration
Benchmark suite executing with the following configuration:
  
    	:time
    	15 s
  

    	:parallel
    	50
  

    	:warmup
    	3 s
  

Statistics
Run Time
  
    	Name
    	IPS
    	Average
    	Devitation
    	Median
    	99th
  
    
    Http3 Get 1kb P20 - quiver v0.4.0
    
    

    


  
  

    Http3 Get 1kb P20

Benchmark
Benchmark run from 2026-05-20 15:46:56.776317Z UTC
System
Benchmark suite executing on the following system:
  
    	Operating System
    	macOS
  

    	CPU Information
    	Apple M4 Pro
  

    	Number of Available Cores
    	12
  

    	Available Memory
    	24 GB
  

    	Elixir Version
    	1.19.1
  

    	Erlang Version
    	28.1.1
  

Configuration
Benchmark suite executing with the following configuration:
  
    	:time
    	2 s
  

    	:parallel
    	20
  

    	:warmup
    	1 s
  

Statistics
Run Time
  
    	Name
    	IPS
    	Average
    	Devitation
    	Median
    	99th
  
    
    Http3 Get 1mb P20 - quiver v0.4.0
    
    

    


  
  

    Http3 Get 1mb P20

Benchmark
Benchmark run from 2026-05-20 15:47:08.025988Z UTC
System
Benchmark suite executing on the following system:
  
    	Operating System
    	macOS
  

    	CPU Information
    	Apple M4 Pro
  

    	Number of Available Cores
    	12
  

    	Available Memory
    	24 GB
  

    	Elixir Version
    	1.19.1
  

    	Erlang Version
    	28.1.1
  

Configuration
Benchmark suite executing with the following configuration:
  
    	:time
    	2 s
  

    	:parallel
    	20
  

    	:warmup
    	1 s
  

Statistics
Run Time
  
    	Name
    	IPS
    	Average
    	Devitation
    	Median
    	99th
  
    
    Http3 Post 1kb P20 - quiver v0.4.0
    
    

    


  
  

    Http3 Post 1kb P20

Benchmark
Benchmark run from 2026-05-20 15:47:18.107734Z UTC
System
Benchmark suite executing on the following system:
  
    	Operating System
    	macOS
  

    	CPU Information
    	Apple M4 Pro
  

    	Number of Available Cores
    	12
  

    	Available Memory
    	24 GB
  

    	Elixir Version
    	1.19.1
  

    	Erlang Version
    	28.1.1
  

Configuration
Benchmark suite executing with the following configuration:
  
    	:time
    	2 s
  

    	:parallel
    	20
  

    	:warmup
    	1 s
  

Statistics
Run Time
  
    	Name
    	IPS
    	Average
    	Devitation
    	Median
    	99th
  
    
    Payload - quiver v0.4.0
    
    

    


  
  

    Payload

Benchmark
Benchmark run from 2026-06-03 12:08:03.181281Z UTC
System
Benchmark suite executing on the following system:
  
    	Operating System
    	macOS
  

    	CPU Information
    	Apple M4 Pro
  

    	Number of Available Cores
    	12
  

    	Available Memory
    	24 GB
  

    	Elixir Version
    	1.19.1
  

    	Erlang Version
    	28.1.1
  

Configuration
Benchmark suite executing with the following configuration:
  
    	:time
    	10 s
  

    	:parallel
    	20
  

    	:warmup
    	2 s
  

Statistics
Run Time
  
    	Name
    	IPS
    	Average
    	Devitation
    	Median
    	99th
  
    
    Pool Pressure - quiver v0.4.0
    
    

    


  
  

    Pool Pressure

Benchmark
Benchmark run from 2026-06-03 12:09:07.171692Z UTC
System
Benchmark suite executing on the following system:
  
    	Operating System
    	macOS
  

    	CPU Information
    	Apple M4 Pro
  

    	Number of Available Cores
    	12
  

    	Available Memory
    	24 GB
  

    	Elixir Version
    	1.19.1
  

    	Erlang Version
    	28.1.1
  

Configuration
Benchmark suite executing with the following configuration:
  
    	:time
    	15 s
  

    	:parallel
    	20
  

    	:warmup
    	2 s
  

Statistics
Run Time
  
    	Name
    	IPS
    	Average
    	Devitation
    	Median
    	99th
  
    
    Streaming 100kb - quiver v0.4.0
    
    

    


  
  

    Streaming 100kb

Benchmark
Benchmark run from 2026-06-03 12:11:16.815957Z UTC
System
Benchmark suite executing on the following system:
  
    	Operating System
    	macOS
  

    	CPU Information
    	Apple M4 Pro
  

    	Number of Available Cores
    	12
  

    	Available Memory
    	24 GB
  

    	Elixir Version
    	1.19.1
  

    	Erlang Version
    	28.1.1
  

Configuration
Benchmark suite executing with the following configuration:
  
    	:time
    	10 s
  

    	:parallel
    	10
  

    	:warmup
    	2 s
  

Statistics
Run Time
  
    	Name
    	IPS
    	Average
    	Devitation
    	Median
    	99th
  
    
    Streaming 1kb - quiver v0.4.0
    
    

    


  
  

    Streaming 1kb

Benchmark
Benchmark run from 2026-06-03 12:10:12.390867Z UTC
System
Benchmark suite executing on the following system:
  
    	Operating System
    	macOS
  

    	CPU Information
    	Apple M4 Pro
  

    	Number of Available Cores
    	12
  

    	Available Memory
    	24 GB
  

    	Elixir Version
    	1.19.1
  

    	Erlang Version
    	28.1.1
  

Configuration
Benchmark suite executing with the following configuration:
  
    	:time
    	10 s
  

    	:parallel
    	10
  

    	:warmup
    	2 s
  

Statistics
Run Time
  
    	Name
    	IPS
    	Average
    	Devitation
    	Median
    	99th
  
    
    Streaming 1mb - quiver v0.4.0
    
    

    


  
  

    Streaming 1mb

Benchmark
Benchmark run from 2026-06-03 12:12:21.030708Z UTC
System
Benchmark suite executing on the following system:
  
    	Operating System
    	macOS
  

    	CPU Information
    	Apple M4 Pro
  

    	Number of Available Cores
    	12
  

    	Available Memory
    	24 GB
  

    	Elixir Version
    	1.19.1
  

    	Erlang Version
    	28.1.1
  

Configuration
Benchmark suite executing with the following configuration:
  
    	:time
    	10 s
  

    	:parallel
    	10
  

    	:warmup
    	2 s
  

Statistics
Run Time
  
    	Name
    	IPS
    	Average
    	Devitation
    	Median
    	99th
  
    
    Streaming Early Halt - quiver v0.4.0
    
    

    


  
  

    Streaming Early Halt

Benchmark
Benchmark run from 2026-06-03 12:13:25.160934Z UTC
System
Benchmark suite executing on the following system:
  
    	Operating System
    	macOS
  

    	CPU Information
    	Apple M4 Pro
  

    	Number of Available Cores
    	12
  

    	Available Memory
    	24 GB
  

    	Elixir Version
    	1.19.1
  

    	Erlang Version
    	28.1.1
  

Configuration
Benchmark suite executing with the following configuration:
  
    	:time
    	10 s
  

    	:parallel
    	10
  

    	:warmup
    	2 s
  

Statistics
Run Time
  
    	Name
    	IPS
    	Average
    	Devitation
    	Median
    	99th
  
    
    Vs Finch 100kb - quiver v0.4.0
    
    

    


  
  

    Vs Finch 100kb

Benchmark
Benchmark run from 2026-06-03 12:15:34.245268Z UTC
System
Benchmark suite executing on the following system:
  
    	Operating System
    	macOS
  

    	CPU Information
    	Apple M4 Pro
  

    	Number of Available Cores
    	12
  

    	Available Memory
    	24 GB
  

    	Elixir Version
    	1.19.1
  

    	Erlang Version
    	28.1.1
  

Configuration
Benchmark suite executing with the following configuration:
  
    	:time
    	10 s
  

    	:parallel
    	20
  

    	:warmup
    	2 s
  

Statistics
Run Time
  
    	Name
    	IPS
    	Average
    	Devitation
    	Median
    	99th
  
    
    Vs Finch 1kb - quiver v0.4.0
    
    

    


  
  

    Vs Finch 1kb

Benchmark
Benchmark run from 2026-06-03 12:14:29.776171Z UTC
System
Benchmark suite executing on the following system:
  
    	Operating System
    	macOS
  

    	CPU Information
    	Apple M4 Pro
  

    	Number of Available Cores
    	12
  

    	Available Memory
    	24 GB
  

    	Elixir Version
    	1.19.1
  

    	Erlang Version
    	28.1.1
  

Configuration
Benchmark suite executing with the following configuration:
  
    	:time
    	10 s
  

    	:parallel
    	20
  

    	:warmup
    	2 s
  

Statistics
Run Time
  
    	Name
    	IPS
    	Average
    	Devitation
    	Median
    	99th
  
    
    Vs Finch 1mb - quiver v0.4.0
    
    

    


  
  

    Vs Finch 1mb

Benchmark
Benchmark run from 2026-06-03 12:16:38.501739Z UTC
System
Benchmark suite executing on the following system:
  
    	Operating System
    	macOS
  

    	CPU Information
    	Apple M4 Pro
  

    	Number of Available Cores
    	12
  

    	Available Memory
    	24 GB
  

    	Elixir Version
    	1.19.1
  

    	Erlang Version
    	28.1.1
  

Configuration
Benchmark suite executing with the following configuration:
  
    	:time
    	10 s
  

    	:parallel
    	20
  

    	:warmup
    	2 s
  

Statistics
Run Time
  
    	Name
    	IPS
    	Average
    	Devitation
    	Median
    	99th
  
    
    Vs Finch Post 100kb - quiver v0.4.0
    
    

    


  
  

    Vs Finch Post 100kb

Benchmark
Benchmark run from 2026-06-03 12:18:47.581443Z UTC
System
Benchmark suite executing on the following system:
  
    	Operating System
    	macOS
  

    	CPU Information
    	Apple M4 Pro
  

    	Number of Available Cores
    	12
  

    	Available Memory
    	24 GB
  

    	Elixir Version
    	1.19.1
  

    	Erlang Version
    	28.1.1
  

Configuration
Benchmark suite executing with the following configuration:
  
    	:time
    	10 s
  

    	:parallel
    	20
  

    	:warmup
    	2 s
  

Statistics
Run Time
  
    	Name
    	IPS
    	Average
    	Devitation
    	Median
    	99th
  
    
    Vs Finch Post 1kb - quiver v0.4.0
    
    

    


  
  

    Vs Finch Post 1kb

Benchmark
Benchmark run from 2026-06-03 12:17:42.951566Z UTC
System
Benchmark suite executing on the following system:
  
    	Operating System
    	macOS
  

    	CPU Information
    	Apple M4 Pro
  

    	Number of Available Cores
    	12
  

    	Available Memory
    	24 GB
  

    	Elixir Version
    	1.19.1
  

    	Erlang Version
    	28.1.1
  

Configuration
Benchmark suite executing with the following configuration:
  
    	:time
    	10 s
  

    	:parallel
    	20
  

    	:warmup
    	2 s
  

Statistics
Run Time
  
    	Name
    	IPS
    	Average
    	Devitation
    	Median
    	99th
  
    
    Vs Finch Post 1mb - quiver v0.4.0
    
    

    


  
  

    Vs Finch Post 1mb

Benchmark
Benchmark run from 2026-06-03 12:19:51.981590Z UTC
System
Benchmark suite executing on the following system:
  
    	Operating System
    	macOS
  

    	CPU Information
    	Apple M4 Pro
  

    	Number of Available Cores
    	12
  

    	Available Memory
    	24 GB
  

    	Elixir Version
    	1.19.1
  

    	Erlang Version
    	28.1.1
  

Configuration
Benchmark suite executing with the following configuration:
  
    	:time
    	10 s
  

    	:parallel
    	20
  

    	:warmup
    	2 s
  

Statistics
Run Time
  
    	Name
    	IPS
    	Average
    	Devitation
    	Median
    	99th
  
    
    Vs Tesla 100kb - quiver v0.4.0
    
    

    


  
  

    Vs Tesla 100kb

Benchmark
Benchmark run from 2026-03-07 17:29:05.057420Z UTC
System
Benchmark suite executing on the following system:
  
    	Operating System
    	macOS
  

    	CPU Information
    	Apple M4 Pro
  

    	Number of Available Cores
    	12
  

    	Available Memory
    	24 GB
  

    	Elixir Version
    	1.19.1
  

    	Erlang Version
    	28.1.1
  

Configuration
Benchmark suite executing with the following configuration:
  
    	:time
    	10 s
  

    	:parallel
    	20
  

    	:warmup
    	2 s
  

Statistics
Run Time
  
    	Name
    	IPS
    	Average
    	Devitation
    	Median
    	99th
  
    
    Vs Tesla 1kb - quiver v0.4.0
    
    

    


  
  

    Vs Tesla 1kb

Benchmark
Benchmark run from 2026-06-03 12:21:28.920914Z UTC
System
Benchmark suite executing on the following system:
  
    	Operating System
    	macOS
  

    	CPU Information
    	Apple M4 Pro
  

    	Number of Available Cores
    	12
  

    	Available Memory
    	24 GB
  

    	Elixir Version
    	1.19.1
  

    	Erlang Version
    	28.1.1
  

Configuration
Benchmark suite executing with the following configuration:
  
    	:time
    	10 s
  

    	:parallel
    	20
  

    	:warmup
    	2 s
  

Statistics
Run Time
  
    	Name
    	IPS
    	Average
    	Devitation
    	Median
    	99th
  
    
    Vs Tesla 1mb - quiver v0.4.0
    
    

    


  
  

    Vs Tesla 1mb

Benchmark
Benchmark run from 2026-03-07 17:30:43.777529Z UTC
System
Benchmark suite executing on the following system:
  
    	Operating System
    	macOS
  

    	CPU Information
    	Apple M4 Pro
  

    	Number of Available Cores
    	12
  

    	Available Memory
    	24 GB
  

    	Elixir Version
    	1.19.1
  

    	Erlang Version
    	28.1.1
  

Configuration
Benchmark suite executing with the following configuration:
  
    	:time
    	10 s
  

    	:parallel
    	20
  

    	:warmup
    	2 s
  

Statistics
Run Time
  
    	Name
    	IPS
    	Average
    	Devitation
    	Median
  