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Pure-Erlang HTTP/1.1 + HTTP/2 + HTTP/3 + WebSocket server for Erlang/OTP.
Built for low tail latency at sustained load. Beep beep.
Roadrunner is the HTTP backbone of the
arizona-framework, and works
standalone too. The API is small: a handler behaviour, request and response
accessors, listener controls, and opt-in helpers.
Why Roadrunner?
A small, fast HTTP core you can trust on the hot path.
	Fast where it counts: Tuned for low p50 and p99 under sustained load. See
Performance.
	Correct and hostile-input-safe: Strict RFC 9110 / 9112 / 9113 parsing,
100% h2spec, 100% h3spec and 100% Autobahn (no exclusions), tested against
request-smuggling cases, and listed on Http11Probe. See
Conformance.
	Every HTTP version, one server: HTTP/1.1, HTTP/2, HTTP/3 (experimental),
and WebSocket served from one listener; browsers upgrade to h3 over the same
port via Alt-Svc.
	Pure Erlang, no dependencies: No runtime deps,
no C NIFs, and Roadrunner owns its own h1/h2/h3 codecs and its own QUIC
transport: easy to read and audit.
	Pleasant to build on: Plain-Erlang request and response values, composable
middleware, and opt-in helpers for cookies, query strings, multipart, SSE,
NDJSON, and WebSocket.
	Production lifecycle in the box: Graceful drain with a deadline, request
and connection events, per-request request_id log correlation, and configurable DoS bounds.

Requirements
Requires OTP 27+.
🚧 Status
Roadrunner is in 0.x. The core is functional and covered by tests,
but the API may change between minor versions. Pin an exact version
in your deps if you need stability across upgrades.
Quickstart
Add to rebar.config (latest version on
Hex):
{deps, [
    roadrunner
]}.
Write a handler. The third route element is per-route state, threaded
to the handler via roadrunner_req:state/1:
-module(hello_handler).
-behaviour(roadrunner_handler).
-export([handle/1]).

handle(Req) ->
    #{greeting := Greeting} = roadrunner_req:state(Req),
    {roadrunner_resp:text(200, <<Greeting/binary, ", roadrunner!">>), Req}.
Boot a listener:
application:ensure_all_started(roadrunner).
roadrunner:start_listener(my_listener, #{
    port => 8080,
    routes => [{~"/", hello_handler, #{greeting => ~"hello"}}]
}).
$ curl localhost:8080
hello, roadrunner!

Documentation
	Topic	Description
	API reference	Every public module, type, and function
	Coming from Cowboy	Moving a Cowboy app to Roadrunner, concept by concept
	Listener options	Every listener option
	Handlers	Response shapes: buffered, stream, loop, sendfile, WebSocket
	Middleware	Writing and ordering middleware
	Resource limits	Per-connection and per-peer limits, defaults, and over-limit behavior
	Roadmap	Planned work
	Changelog	Release notes

Features
Routing
Routes are tried top to bottom and the first match wins. :param binds one
segment and *wildcard binds the rest of the path as a list:
routes => [
    {~"/", hello_handler, #{greeting => ~"hello"}},
    {~"/users/:id", user_handler},
    {~"/files/*path", files_handler}
]
#{~"id" := Id} = roadrunner_req:bindings(Req).
A route that can never match, because the routes above it already answer its
path and methods, stops the listener from starting and names both routes. A
mis-ordered table shows up at boot instead of as a 404 in production.
The map form adds per-route options: allowed methods (others get 405 with an
Allow header), a body cap, a request rate, and route middleware:
routes => [
    #{path => ~"/users", handler => users_index, methods => [~"GET"]},
    #{path => ~"/users", handler => users_create, methods => [~"POST"]},
    #{path => ~"/upload", handler => upload_handler, max_content_length => 104_857_600},
    #{path => ~"/login", handler => login_handler, rate_limit => #{rate => 5, period => 60}}
]
Method matching is literal, so a [~"GET"] route does not answer HEAD. Swap
the table on a running listener with roadrunner_listener:reload_routes/2. For
a listener with a single handler, pass routes => Mod (or {Mod, State}) to
skip the router.
Requests
roadrunner_req reads everything from the request value. Functions that
consume the body return a new Req:
handle(Req) ->
    Method = roadrunner_req:method(Req),
    Agent = roadrunner_req:header(~"user-agent", Req),
    Query = roadrunner_req:parse_qs(Req),
    Cookies = roadrunner_req:parse_cookies(Req),
    {ok, Body, Req2} = roadrunner_req:read_body(Req),
    ...
read_form/1 decodes both urlencoded and multipart/form-data bodies. With
body_buffering => manual, read_body/2 reads the body in chunks.
Responses
roadrunner_resp builds buffered responses, and you can also return a plain
{Status, Headers, Body} tuple:
%% Each line is a possible return from handle/1
{roadrunner_resp:json(200, #{id => 42}), Req}
{roadrunner_resp:redirect(302, ~"/login"), Req}
{roadrunner_resp:not_found(), Req}
{{200, [{~"content-type", ~"text/plain"}], ~"hi"}, Req}
A plain tuple without content-length gets one from its body.
Set a cookie on any buffered response:
Resp = roadrunner_resp:text(200, ~"welcome"),
{roadrunner_resp:set_cookie(Resp, ~"session", Token, #{http_only => true, secure => true}), Req}
Streaming
Return {stream, Status, Headers, Fun} and call Send as data is ready.
On HTTP/1.1 the body goes out chunked, and {fin, Trailers} sends trailer
headers:
handle(Req) ->
    Fun = fun(Send) ->
        ok = Send(~"first part\n", nofin),
        ok = Send(~"last part\n", fin)
    end,
    {{stream, 200, [{~"content-type", ~"text/plain"}], Fun}, Req}.
Server-Sent Events
A {loop, ...} response keeps the connection open and calls handle_info/3
for each message the process receives. roadrunner_sse frames the events:
handle(Req) ->
    ok = my_pubsub:subscribe(self(), notifications),
    Headers = [{~"content-type", ~"text/event-stream"}, {~"cache-control", ~"no-cache"}],
    {{loop, 200, Headers, undefined}, Req}.

handle_info({notification, Body}, Push, State) ->
    _ = Push(roadrunner_sse:event(~"notify", Body)),
    {ok, State};
handle_info(_Other, _Push, State) ->
    {ok, State}.
Keep a catch-all clause: Roadrunner also sends the handler
{roadrunner_disconnect, Reason} when the client goes away and
{roadrunner_drain, Deadline} when the listener drains.
NDJSON
{roadrunner_resp:ndjson(200, Rows), Req}
To stream rows instead, send roadrunner_ndjson:item(Row) from a {stream, ...}
response.
WebSocket
Upgrade from any handler over HTTP/1.1, then handle frames in a
roadrunner_ws_handler:
handle(Req) ->
    {{websocket, echo_ws, #{}}, Req}.
-module(echo_ws).
-behaviour(roadrunner_ws_handler).
-export([handle_frame/2]).

handle_frame(#{opcode := text, payload := Msg}, State) ->
    {reply, [{text, Msg}], State};
handle_frame(_Frame, State) ->
    {ok, State}.
Fragmented messages arrive reassembled, and ping, pong, and close are handled
for you. permessage-deflate is negotiated automatically when the client asks
for it. Optional init/1, handle_info/2, and handle_drain/2 callbacks
cover setup, process messages, and drain.
Static files
{~"/static/*path", roadrunner_static, #{
    dir => ~"/var/www",
    cache_control => ~"public, max-age=31536000, immutable"
}}
Supports ETag, Last-Modified, Range, and precompressed .br / .gz
files, and by default refuses a symlinked file that points outside dir.
Content-Type comes from the file extension, with the common web types
(fonts, .wasm, .webp, .mjs, and more) built in and a mime_types
option to add your own.
A route can also serve one file, and either path can sit in an
application's priv directory:
{~"/assets/*path", roadrunner_static, #{dir => {priv, my_app, ~"static"}}},
{~"/favicon.ico", roadrunner_static, #{file => {priv, my_app, ~"favicon.ico"}}}
The options are checked when the listener starts, so a typo stops it
from booting instead of failing a request.
Handlers can also send a file directly with
{sendfile, Status, Headers, {Filename, Offset, Length}} (zero-copy for
HTTP/1.1 over plain TCP).
Middleware
A middleware wraps the handler. It gets the request and a Next function,
and the first entry in the list runs outermost:
auth(Req, Next, _State) ->
    case roadrunner_req:header(~"authorization", Req) of
        undefined -> {roadrunner_resp:unauthorized(), Req};
        _ -> Next(Req)
    end.
Built-in middleware:
middlewares => [
    roadrunner_compress,
    roadrunner_etag,
    roadrunner_security_headers,
    {roadrunner_cors, #{origins => [~"https://app.example.com"], credentials => true}},
    {fun ?MODULE:auth/3, undefined}
]
	roadrunner_compress: gzip / deflate negotiated on Accept-Encoding
	roadrunner_etag: weak ETag on buffered 200 responses to GET /
HEAD, and 304 Not Modified on a match
	roadrunner_security_headers: safe default headers, with opt-in HSTS
(hsts => true) and CSP
	roadrunner_cors: CORS with preflight handling and deny-by-default origins

HTTP/2 and HTTP/3
Add a certificate and list the protocols. ALPN is set up from protocols:
roadrunner:start_listener(my_tls_listener, #{
    port => 8443,
    protocols => [http1, http2, http3],
    tls => [{certfile, "cert.pem"}, {keyfile, "key.pem"}],
    routes => [{~"/", hello_handler, #{greeting => ~"hello"}}]
}).
HTTP/1.1 and HTTP/2 share the TCP port. HTTP/3 (experimental) serves over UDP
on the same port number. When the listener also serves HTTP/1.1 or HTTP/2 on a
fixed port (not port => 0), their responses advertise HTTP/3 in Alt-Svc so
browsers upgrade. For HTTP/2 over plain TCP (prior knowledge), use
protocols => [http2] without tls. Without tls, a listener serves either
HTTP/1.1 or HTTP/2, not both.
For the fastest new connections, use an ECDSA P-256 certificate. Each new TLS
or QUIC connection signs with the certificate's key, and an ECDSA P-256
signature takes far less CPU than an RSA one, so the server can accept many
more new connections per second. All current browsers support it. To make a
self-signed one for testing:
openssl req -x509 -newkey ec -pkeyopt ec_paramgen_curve:prime256v1 \
    -nodes -days 365 -keyout key.pem -out cert.pem -subj /CN=localhost

For a real domain, ask your certificate authority for an ECDSA key (most ACME
clients, such as certbot, can request one).
A listener with tls starts the ssl application itself, so plain HTTP nodes
never load it. If you build a release that serves TLS, add ssl to your
application's applications list so the release includes it.
Behind a proxy
%% L4 balancer that prepends a PROXY protocol header
proxy_protocol => true,

%% HTTP proxies that set X-Forwarded-For
real_ip => #{trusted_proxies => [~"10.0.0.0/8"]}
roadrunner_req:client_ip/1 returns the real client, and rate limits and
events use it too.
Limits and hardening
max_clients => 10_000,
max_content_length => 1_048_576,
request_timeout => 30_000,
rate_limit => #{rate => 100, period => 1}
	Strict RFC 9110 / 9112 parsing that rejects request smuggling shapes
(CL + TE, conflicting Content-Length) and CR / LF injection in headers
	TLS 1.2 / 1.3 only with AEAD ciphers, and post-quantum hybrid key exchange
first on HTTP/1.1 and HTTP/2 when your OTP and OpenSSL support it
	Bounds on connections, concurrent HTTP/2 and HTTP/3 requests, body size,
slow clients, and header size, all listed in Configuration

Observability
Roadrunner hands events for requests, connections, and WebSocket frames to
one event handler: a module with a handle_event/2 callback. By default
they are dropped, and no telemetry library is needed. To send them to
telemetry, Prometheus, OpenTelemetry, or your logs, set a handler:
%% sys.config
[{roadrunner, [{event_handler, log_requests}]}].
-module(log_requests).
-behaviour(roadrunner_event_handler).
-export([handle_event/2]).

handle_event(request_start, Req) ->
    {erlang:monotonic_time(), roadrunner_req:method(Req), roadrunner_req:path(Req)};
handle_event(request_stop, {{Start, Method, Path}, Status, _Kind}) ->
    Us = erlang:convert_time_unit(erlang:monotonic_time() - Start, native, microsecond),
    logger:info("~s ~s -> ~p (~p us)", [Method, Path, Status, Us]);
handle_event(_Event, _Args) ->
    ok.
Each event passes the raw values it has, so a handler builds only what it
uses. See roadrunner_event_handler for the full list of events.
Each request also sets a request_id in the logger process metadata, so
logs from your handlers line up with it. roadrunner_listener:info/1 returns
live counters such as active_clients and requests_served.
Graceful drain
case roadrunner_listener:drain(my_listener, 30_000) of
    {ok, drained} -> ok;
    {timeout, Killed} -> logger:warning("closed ~p connections at the deadline", [Killed])
end.
Drain stops accepting new connections, tells open connections and long-lived
handlers (loop and WebSocket) to finish, waits up to the deadline, closes what
is left, and then stops the listener.
Configuration
All listener options live in the
roadrunner_listener:opts/0
type. Beyond port,
protocols, tls, and routes, the type covers:
	Limits and timeouts: max_clients, max_concurrent_requests,
overload_mode (refuse, queue, or answer 503 to requests over the
limit),
max_content_length, max_keep_alive_requests, request_timeout,
keep_alive_timeout, tls_handshake_timeout, min_bytes_per_second,
rate_check_interval, rate_limit
	Real client IP: proxy_protocol, real_ip (see
Behind a proxy)
	Sockets: ip (bind address, all interfaces by default),
num_acceptors, socket_backlog, recv_buffer
	Middleware: middlewares
	Body buffering: body_buffering
	Graceful drain: graceful_drain, slot_reconciliation
	Per-conn hibernation: hibernate_after
	Handler spawn opts: handler_spawn
	WebSocket: ws: max_frame_size, max_message_size, recv_buffer,
hibernate_after
	HTTP/1 tunables: Under the {http1, Opts} entry in protocols:
max_request_line, max_header_line, max_header_block,
max_header_count, linger_timeout
	HTTP/2 tunables: Under the {http2, Opts} entry in protocols:
conn_window, stream_window, window_refill_threshold,
max_concurrent_streams, max_header_block, max_header_list_size
	HTTP/3 tunables: Under the {http3, Opts} entry in protocols:
listeners (reuseport pool size), max_header_block, max_streams_bidi,
max_field_section_size, secret (the key behind QUIC stateless resets
and address validation tokens, kept across restarts)

Modules
	Module	Purpose
	roadrunner	Start, stop, and list listeners
	roadrunner_listener	Listener options, drain, info, and route reload
	roadrunner_handler	Handler behaviour and response shapes
	roadrunner_req	Request accessors and body reading
	roadrunner_resp	Response builders
	roadrunner_router	Route syntax and matching
	roadrunner_middleware	Middleware behaviour
	roadrunner_ws_handler	WebSocket handler behaviour
	roadrunner_event_handler	Event handler behaviour for observability
	roadrunner_event_noop	Default event handler, drops every event
	roadrunner_static	Static file handler
	roadrunner_sse	Server-Sent Events framing
	roadrunner_ndjson	NDJSON framing
	roadrunner_multipart	multipart/form-data parser
	roadrunner_cookie	Cookie parsing and serialization
	roadrunner_qs	Query string codec
	roadrunner_uri	Percent-encoding helpers
	roadrunner_http	Shared HTTP types and date formatting
	roadrunner_cors	CORS middleware
	roadrunner_security_headers	Security headers middleware

Conformance
Strict 100% h2spec (HTTP/2), 100% h3spec (QUIC and HTTP/3 error handling)
and Autobahn fuzzingclient across the full WebSocket matrix (no exclusions). The HTTP/1.1 parser is tested against
malformed-request cases taken from the llhttp
test corpus and PortSwigger
request-smuggling patterns.
Roadrunner is also listed on Http11Probe,
an open suite that sends the same malformed and ambiguous HTTP/1.1 requests
to many servers and checks each answer against RFC 9110 and RFC 9112. See its
results page for the current score.
Standards conformance:
	HTTP/1.1: RFC 9110 (semantics) + RFC 9112 (syntax).
	HTTP/2: RFC 9113 (frames + multiplexing) + RFC 7541 (HPACK).
Conformance harness: scripts/h2spec.sh (drives
h2spec).
	HTTP/3 (experimental): RFC 9114 over QUIC with QPACK (RFC 9204)
header compression, the client's dynamic table included, over
Roadrunner's own pure-Erlang QUIC transport (TLS 1.3 required).
Conformance harness:
scripts/h3spec.sh (drives
h3spec). Interop harness:
scripts/h3interop.sh
(downloads, uploads and multiplexed requests from the
quiche and
ngtcp2 clients and headless
Chrome, plus a key update in the middle of an ngtcp2 download, with
and without packet loss).
	Content-Encoding (RFC 9110 §8.4.1): gzip + deflate with
qvalue-aware Accept-Encoding negotiation (RFC 9110 §12.5.3),
works unchanged over HTTP/2.
	WebSocket: RFC 6455. Conformance harness:
scripts/autobahn.escript (drives the
Autobahn|Testsuite
fuzzingclient).
	WebSocket compression: RFC 7692 permessage-deflate,
including *_max_window_bits and *_no_context_takeover.

Performance
Roadrunner runs on HttpArena, an open
benchmark that tests HTTP servers and frameworks on the same hardware
under the same rules. See the leaderboard for current numbers.
Sponsors
Roadrunner is open source and maintained on personal time. If you or your company find it useful,
consider sponsoring.
I also accept coffees ☕
[image: &quot;Buy Me A Coffee&quot;]
  [image: Sponsors]Contributing
Contributions are welcome! Please see CONTRIBUTING.md for development setup,
testing guidelines, and contribution workflow.
Contributors
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    Coming from Cowboy

This guide is for Erlang developers who know Cowboy
2.x and want to move an app to Roadrunner. It goes concept by concept: a
short Cowboy snippet, the same thing in Roadrunner, and the differences worth
knowing.
Many ideas carry over unchanged: listeners, a route table, handler modules,
Req threaded through your code, loop handlers, and WebSocket handlers. The
main change is how a handler answers. A Cowboy handler calls
cowboy_req:reply/4 to send the response. A Roadrunner handler returns the
response as a value, and Roadrunner sends it.
At a glance
	Cowboy	Roadrunner
	cowboy:start_clear/3, cowboy:start_tls/3	roadrunner:start_listener/2
	cowboy:stop_listener/1	roadrunner:stop_listener/1, or roadrunner_listener:drain/2
	cowboy_router:compile/1	the listener's routes list
	cowboy:set_env(Name, dispatch, D)	roadrunner_listener:reload_routes/2
	cowboy_handler, init/2	roadrunner_handler, handle/1
	cowboy_req	roadrunner_req (read) and roadrunner_resp (build responses)
	cowboy_req:stream_reply/3 + stream_body/3	a {stream, ...} response
	cowboy_loop	a {loop, ...} response plus handle_info/3
	cowboy_websocket	roadrunner_ws_handler
	cowboy_static	roadrunner_static
	middlewares and stream_handlers	roadrunner_middleware
	cowboy_compress_h	roadrunner_compress middleware
	cowboy_metrics_h	an event handler (roadrunner_event_handler)

Starting a listener
In Cowboy you compile the routes, then start a Ranch listener with transport
options and protocol options.
Dispatch = cowboy_router:compile([
    {'_', [{"/", hello_handler, []}]}
]),
{ok, _} = cowboy:start_clear(my_http_listener,
    [{port, 8080}],
    #{env => #{dispatch => Dispatch}}
).
In Roadrunner one options map holds everything, routes included:
{ok, _} = application:ensure_all_started(roadrunner),
{ok, _} = roadrunner:start_listener(my_http_listener, #{
    port => 8080,
    routes => [{~"/", hello_handler, []}]
}).
For TLS, Cowboy has cowboy:start_tls/3, and HTTP/2 is offered through ALPN:
{ok, _} = cowboy:start_tls(my_https_listener,
    [
        {port, 8443},
        {certfile, "/path/to/certfile"},
        {keyfile, "/path/to/keyfile"}
    ],
    #{env => #{dispatch => Dispatch}}
).
Roadrunner uses the same start_listener/2 with a tls list of ssl server
options. List the protocols you want; ALPN is set up from protocols:
{ok, _} = roadrunner:start_listener(my_https_listener, #{
    port => 8443,
    protocols => [http1, http2, http3],
    tls => [{certfile, "/path/to/certfile"}, {keyfile, "/path/to/keyfile"}],
    routes => [{~"/", hello_handler, []}]
}).
Common Ranch and Cowboy options and where they live in Roadrunner:
	Cowboy / Ranch	Roadrunner
	{port, P}	port => P
	{ip, IP}	ip => IP
	{backlog, N}	socket_backlog => N
	num_acceptors	num_acceptors
	max_connections	max_clients
	TLS options in the transport options	tls => [...]
	max_keepalive	max_keep_alive_requests
	stream_handlers, middlewares	middlewares

Notable differences:
	protocols defaults to [http1], so list http2 (and http3) to serve them
	max_clients closes a connection over the cap right away, where Ranch's
max_connections leaves it waiting in the backlog; its default is 16384,
not 1024
	HTTP/3 needs tls and runs over UDP on the same port number
	Without tls, a listener serves either HTTP/1.1 or HTTP/2 (prior
knowledge), not both
	A listener with tls starts ssl itself; add ssl to your application's
applications list so releases include it
	To stop gracefully, roadrunner_listener:drain/2 stops accepting, lets open
requests finish up to a deadline, then stops the listener
	Every option is listed in roadrunner_listener:opts/0

Routing
Cowboy routes by host first, then by path. Bindings use :name, and
[...] takes the rest of the path.
Dispatch = cowboy_router:compile([
    {'_', [
        {"/", index_handler, #{}},
        {"/users/:id", user_handler, #{}},
        {"/files/[...]", files_handler, #{}}
    ]}
]),
Id = cowboy_req:binding(id, Req),
Rest = cowboy_req:path_info(Req).
Roadrunner routes on the path only. :name binds one segment, and
*name binds the rest of the path as a list of segments (which can be
empty):
routes => [
    {~"/", index_handler, #{}},
    {~"/users/:id", user_handler, #{}},
    {~"/files/*rest", files_handler, #{}}
]
#{~"id" := Id} = roadrunner_req:bindings(Req),
Rest = maps:get(~"rest", roadrunner_req:bindings(Req)).
The third element of a route is its state. Cowboy passes it as the second
argument of init/2; Roadrunner puts it on the request, read with
roadrunner_req:state/1.
The map form of a route adds per-route options: allowed methods (other
methods get 405 with an Allow header), middlewares, max_content_length,
and rate_limit:
routes => [
    #{path => ~"/users", handler => users_index, methods => [~"GET"]},
    #{path => ~"/users", handler => users_create, methods => [~"POST"]},
    #{path => ~"/admin", handler => admin_handler, middlewares => [auth_mw]}
]
Notable differences:
	Binding names are binaries (~"id"), not atoms
	There is no host matching. If you route by host, read the host header in
a handler or middleware
	There are no optional segments ([page/:number]). Write one route per
shape, for example /hats and /hats/page/:number
	There are no constraints. Check and convert bindings in the handler
	Routes are tried top to bottom. A route that can never match, because the
routes above it already answer its path and methods, stops the listener from
starting
	To change routes on a running listener, call
roadrunner_listener:reload_routes/2 with the new list
	For a listener with one handler and no router, pass routes => Mod (or
{Mod, State})

Handlers
A Cowboy handler gets Req and its state, sends a reply, and returns
{ok, Req, State}:
-module(hello_handler).
-behavior(cowboy_handler).
-export([init/2]).

init(Req0, State) ->
    Req = cowboy_req:reply(200, #{
        <<"content-type">> => <<"text/plain">>
    }, <<"Hello World!">>, Req0),
    {ok, Req, State}.
A Roadrunner handler gets the request and returns {Response, Req}:
-module(hello_handler).
-behaviour(roadrunner_handler).
-export([handle/1]).

handle(Req) ->
    {{200, [{~"content-type", ~"text/plain"}], ~"Hello World!"}, Req}.
Notable differences:
	handle/1 takes one argument; read the route state with
roadrunner_req:state(Req)
	The response is the return value. Nothing is sent until the handler returns
	Response headers are a list of {Name, Value} pairs, not a map. Names must
be lowercase, as in Cowboy
	Always return the latest Req (the one from read_body/1 if you read the
body)
	There is no terminate/3 callback
	An optional init_route/1 runs once per route when the routes compile
(and again on reload_routes/2), to check and prepare the route's state;
its return is what roadrunner_req:state/1 gives the handler
	Where Cowboy switches with {cowboy_websocket, Req, State} or
{cowboy_loop, Req, State}, Roadrunner returns a {websocket, ...} or
{loop, ...} response (see below)

Reading the request
Most cowboy_req readers have a roadrunner_req function with the same
name.
	Cowboy	Roadrunner
	cowboy_req:method(Req)	roadrunner_req:method(Req)
	cowboy_req:version(Req)	roadrunner_req:version(Req), a tuple such as {1, 1} or {2, 0}
	cowboy_req:path(Req)	roadrunner_req:path(Req)
	cowboy_req:qs(Req)	roadrunner_req:qs(Req)
	cowboy_req:parse_qs(Req)	roadrunner_req:parse_qs(Req)
	cowboy_req:binding(id, Req)	maps:get(~"id", roadrunner_req:bindings(Req))
	cowboy_req:bindings(Req)	roadrunner_req:bindings(Req)
	cowboy_req:path_info(Req)	the *name binding
	cowboy_req:header(<<"user-agent">>, Req)	roadrunner_req:header(~"user-agent", Req)
	cowboy_req:headers(Req)	roadrunner_req:headers(Req), a list of {Name, Value}
	cowboy_req:parse_cookies(Req)	roadrunner_req:parse_cookies(Req)
	cowboy_req:has_body(Req)	roadrunner_req:has_body(Req) (with body_buffering => manual, false until the body is read)
	cowboy_req:read_body(Req)	roadrunner_req:read_body(Req)
	cowboy_req:read_urlencoded_body(Req)	roadrunner_req:read_form(Req)
	cowboy_req:peer(Req)	roadrunner_req:peer(Req)
	cowboy_req:scheme(Req)	roadrunner_req:scheme(Req), the atom http or https
	cowboy_req:host(Req)	roadrunner_req:header(~"host", Req)

For example, reading a query parameter with a default and a form body:
init(Req0, State) ->
    QsVals = cowboy_req:parse_qs(Req0),
    Lang = proplists:get_value(<<"lang">>, QsVals, <<"en-US">>),
    {ok, KeyValues, Req} = cowboy_req:read_urlencoded_body(Req0),
    ...
handle(Req0) ->
    Lang =
        case lists:keyfind(~"lang", 1, roadrunner_req:parse_qs(Req0)) of
            {_, L} -> L;
            false -> ~"en-US"
        end,
    {ok, urlencoded, KeyValues, Req} = roadrunner_req:read_form(Req0),
    ...
Notable differences:
	parse_qs/1 and parse_cookies/1 return the same kind of list as in
Cowboy, with true for a query flag that has no value
	header/2 matches the name in any case
	There is no header/3 with a default; header/2 returns undefined when
the header is missing
	host is the raw header value, so it can include the port. On HTTP/2 and
HTTP/3 the :authority pseudo-header is passed on as host
	read_form/1 reads both application/x-www-form-urlencoded and
multipart/form-data bodies, and returns {ok, urlencoded, Pairs, Req} or
{ok, multipart, Parts, Req}
	By default the whole body is read before the handler runs, up to
max_content_length. Set body_buffering => manual to read it yourself
with read_body/2 and its length option
	The request is a map, like Cowboy's. You can match on it
(#{method := ~"GET"} = Req), but the roadrunner_req functions are the
supported way to read it
	Behind a proxy, set the listener's real_ip (or proxy_protocol) option
and use roadrunner_req:client_ip/1

Responses
Cowboy sends with reply/2,3,4 and sets headers and cookies on Req first:
Req1 = cowboy_req:set_resp_header(<<"x-request-source">>, <<"guide">>, Req0),
Req2 = cowboy_req:set_resp_cookie(<<"sessionid">>, SessionID, Req1,
    #{max_age => 3600, path => <<"/">>, http_only => true, secure => true}),
Req = cowboy_req:reply(200, #{
    <<"content-type">> => <<"text/plain">>
}, <<"welcome">>, Req2),
{ok, Req, State}.
Roadrunner builds the response value. roadrunner_resp has builders for
common cases, and add_header/3 and set_cookie/4 add to a response:
Resp0 = roadrunner_resp:text(200, ~"welcome"),
Resp1 = roadrunner_resp:add_header(Resp0, ~"x-request-source", ~"guide"),
Resp = roadrunner_resp:set_cookie(Resp1, ~"sessionid", SessionID, #{
    max_age => 3600, path => ~"/", http_only => true, secure => true
}),
{Resp, Req}.
Other buffered responses:
%% Each line is a possible return from handle/1
{roadrunner_resp:json(200, #{id => 42}), Req}
{roadrunner_resp:redirect(303, ~"https://ninenines.eu"), Req}
{roadrunner_resp:status(204), Req}
{roadrunner_resp:not_found(), Req}
{{200, [{~"content-type", ~"text/html"}], Html}, Req}
The cookie options (max_age, domain, path, secure, http_only,
same_site) have the same names as Cowboy's. Without path, no Path
attribute is sent, so set path => ~"/" for a site-wide cookie.
Streaming
Cowboy streams with stream_reply and stream_body:
Req = cowboy_req:stream_reply(200, #{
    <<"content-type">> => <<"text/html">>
}, Req0),
cowboy_req:stream_body("<html><head>Hello world!</head>", nofin, Req),
cowboy_req:stream_body("<body><p>Hats off!</p></body></html>", fin, Req),
{ok, Req, State}.
Roadrunner returns a {stream, Status, Headers, Fun} response. It calls
Fun(Send), and Send writes one part:
handle(Req) ->
    Fun = fun(Send) ->
        ok = Send(~"<html><head>Hello world!</head>", nofin),
        ok = Send(~"<body><p>Hats off!</p></body></html>", fin)
    end,
    {{stream, 200, [{~"content-type", ~"text/html"}], Fun}, Req}.
Where Cowboy uses cowboy_req:stream_trailers/2, end with
Send(Data, {fin, Trailers}).
Loop handlers
A Cowboy loop handler gets Erlang messages in info/3:
init(Req, State) ->
    Req2 = cowboy_req:stream_reply(200, Req),
    {cowboy_loop, Req2, State}.

info(eof, Req, State) ->
    {stop, Req, State};
info({event, Data}, Req, State) ->
    cowboy_req:stream_body(Data, nofin, Req),
    {ok, Req, State};
info(_Msg, Req, State) ->
    {ok, Req, State}.
In Roadrunner, return {loop, Status, Headers, State} and export
handle_info/3. Each message comes with a Push function that writes one
part:
handle(Req) ->
    ok = my_pubsub:subscribe(self(), events),
    {{loop, 200, [{~"content-type", ~"text/event-stream"}], #{}}, Req}.

handle_info(eof, _Push, State) ->
    {stop, State};
handle_info({event, Data}, Push, State) ->
    _ = Push(roadrunner_sse:event(Data)),
    {ok, State};
handle_info(_Msg, _Push, State) ->
    {ok, State}.
The status and headers go out when the loop starts. Keep a catch-all clause:
Roadrunner also sends {roadrunner_disconnect, Reason} when the client goes
away and {roadrunner_drain, Deadline} when the listener drains, so a
long-lived response can end cleanly. roadrunner_sse builds Server-Sent
Events frames for Push.
Sending files
Cowboy takes a {sendfile, Offset, Length, Filename} body. Roadrunner has a
{sendfile, Status, Headers, {Filename, Offset, Length}} response. Set
content-length and content-type yourself:
handle(Req) ->
    File = filename:join(code:priv_dir(my_app), "static/index.html"),
    Size = filelib:file_size(File),
    Headers = [
        {~"content-type", ~"text/html"},
        {~"content-length", integer_to_binary(Size)}
    ],
    {{sendfile, 200, Headers, {File, 0, Size}}, Req}.
Middlewares and stream handlers
A Cowboy middleware runs between the router and the handler. To answer early
it replies and returns {stop, Req}:
-module(auth_mw).
-behaviour(cowboy_middleware).
-export([execute/2]).

execute(Req, Env) ->
    case cowboy_req:header(<<"authorization">>, Req) of
        undefined -> {stop, cowboy_req:reply(401, Req)};
        _ -> {ok, Req, Env}
    end.
#{
    env => #{dispatch => Dispatch},
    middlewares => [cowboy_router, auth_mw, cowboy_handler]
}
A Roadrunner middleware gets the request and a Next function that runs the
rest of the pipeline. To answer early, return a response without calling
Next:
-module(auth_mw).
-behaviour(roadrunner_middleware).
-export([call/3]).

call(Req, Next, _State) ->
    case roadrunner_req:header(~"authorization", Req) of
        undefined -> {roadrunner_resp:unauthorized(), Req};
        _ -> Next(Req)
    end.
middlewares => [auth_mw]
Put middlewares on the listener to wrap every route, or on a map-form route
to wrap only that route. Listener middlewares run outside route middlewares,
and the first entry in a list runs outermost. A fun works too:
{fun ?MODULE:auth/3, State}. A module can export an optional init/1 that
turns its config into state once, when the listener starts.
Because a middleware gets the response back from Next, it can also do the
jobs Cowboy gives to stream handlers that change responses. For example,
cowboy_compress_h:
#{
    env => #{dispatch => Dispatch},
    stream_handlers => [cowboy_compress_h, cowboy_stream_h]
}
middlewares => [roadrunner_compress]
Notable differences:
	A middleware can change the response after Next(Req) returns. Match the
buffered shape with a guard such as {{Status, Headers, Body}, Req2} when is_integer(Status), and pass other responses (stream, loop, WebSocket)
through
	Middlewares never write to the socket; they always return a response
	Middlewares run once a route matches. The router's own 404 and 405
answers do not go through them
	Other built-in middlewares: roadrunner_etag, roadrunner_security_headers,
and roadrunner_cors
	Real client IP and per-client rate limits are listener options
(real_ip, proxy_protocol, rate_limit), and rate_limit is also a
per-route option

WebSockets
A Cowboy WebSocket handler switches in init/2 and then gets frames and
messages:
-module(echo_ws).
-behaviour(cowboy_websocket).
-export([init/2, websocket_init/1, websocket_handle/2, websocket_info/2]).

init(Req, State) ->
    {cowboy_websocket, Req, State}.

websocket_init(State) ->
    {[{text, <<"Hello!">>}], State}.

websocket_handle(Frame = {text, _}, State) ->
    {[Frame], State};
websocket_handle(_Frame, State) ->
    {[], State}.

websocket_info({log, Text}, State) ->
    {[{text, Text}], State};
websocket_info(_Info, State) ->
    {[], State}.
In Roadrunner a handler returns {websocket, Module, State}, and Module
implements roadrunner_ws_handler. One module can be both:
-module(echo_ws).
-behaviour(roadrunner_handler).
-behaviour(roadrunner_ws_handler).
-export([handle/1, init/1, handle_frame/2, handle_info/2]).

handle(Req) ->
    {{websocket, ?MODULE, #{}}, Req}.

init(State) ->
    {reply, [{text, ~"Hello!"}], State}.

handle_frame(#{opcode := text, payload := Text}, State) ->
    {reply, [{text, Text}], State};
handle_frame(_Frame, State) ->
    {ok, State}.

handle_info({log, Text}, State) ->
    {reply, [{text, Text}], State};
handle_info(_Info, State) ->
    {ok, State}.
	Cowboy	Roadrunner
	init/2 returning {cowboy_websocket, Req, State}	handle/1 returning {{websocket, Mod, State}, Req}
	websocket_init/1	init/1 (optional)
	websocket_handle/2	handle_frame/2, with a frame map
	websocket_info/2	handle_info/2 (optional)
	terminate/3	none
	{Frames, State}	{reply, Frames, State}
	{[], State, hibernate}	{ok, State, [hibernate]}
	{[{close, 1000, Reason}], State}	{close, 1000, Reason, State}
	{stop, State} (closes with code 1000)	{close, 1000, ~"", State}, or {close, State} for a close frame with no code

Notable differences:
	handle_frame/2 gets a map such as #{opcode := text, payload := Bin}.
Fragmented messages arrive whole, and ping, pong, and close are handled for
you, so they never reach the handler
	To refuse the upgrade, return a normal response from handle/1 instead
	To add headers to the 101 (a sec-websocket-protocol or a cookie), return
{websocket, Mod, State, Headers}
	permessage-deflate is used when the client asks for it; there is no
compress option to set
	Frame and message size limits are listener options under ws
(max_frame_size, max_message_size), not per upgrade
	An optional handle_drain/2 callback runs when the listener drains
	The upgrade runs over HTTP/1.1

Static files
Cowboy serves a directory or a single file with cowboy_static:
{"/assets/[...]", cowboy_static, {priv_dir, my_app, "static/assets"}},
{"/assets/[...]", cowboy_static, {dir, "/var/www/assets"}},
{"/", cowboy_static, {priv_file, my_app, "static/index.html"}},
{"/favicon.ico", cowboy_static, {file, "/var/www/favicon.ico"}}
Roadrunner uses roadrunner_static with a dir or a file option. A path in
your application's priv directory is written {priv, App, SubPath}. A
directory route needs a wildcard named *path:
{~"/assets/*path", roadrunner_static, #{dir => {priv, my_app, ~"static/assets"}}},
{~"/assets/*path", roadrunner_static, #{dir => ~"/var/www/assets"}},
{~"/", roadrunner_static, #{file => {priv, my_app, ~"static/index.html"}}},
{~"/favicon.ico", roadrunner_static, #{file => ~"/var/www/favicon.ico"}}
	Cowboy	Roadrunner
	{dir, Path}	#{dir => Path}
	{priv_dir, App, Path}	#{dir => {priv, App, Path}}
	{file, Path}	#{file => Path}
	{priv_file, App, Path}	#{file => {priv, App, Path}}
	the {mimetypes, Module, Function} extra	#{mime_types => #{Ext => Type}}

Notable differences:
	The options are checked when the listener starts. A missing application,
an unknown option, or a bad value stops the start with an error naming the
option, instead of failing on a request
	ETag, Last-Modified, and Range are built in
	Precompressed .br and .gz files next to the original are served when
the client accepts them
	Other options: cache_control (a Cache-Control value),
symlink_policy (directory routes only), and cache_ttl_ms
	The content type comes from a built-in table of common web types (pages,
scripts, styles, images, fonts, .wasm, media, and more); anything else is
application/octet-stream. mime_types adds types or overrides built-in
ones for a route, with keys such as ~".glb" in any case
	There is no etag option to change how the ETag is built

Events and observability
Cowboy collects metrics with the cowboy_metrics_h stream handler and a
callback:
#{
    env => #{dispatch => Dispatch},
    stream_handlers => [cowboy_metrics_h, cowboy_stream_h],
    metrics_callback => fun(Metrics) -> my_metrics:record(Metrics) end
}
Roadrunner hands its request, connection, and WebSocket events to one event
handler per node, a module with handle_event/2. Set it in sys.config:
[{roadrunner, [{event_handler, my_events}]}].
Roadrunner has no telemetry dependency. To keep using telemetry (for
example, handlers you attached for Cowboy, telemetry_metrics, Prometheus,
or OpenTelemetry), add
roadrunner_telemetry
to your deps and make it the event handler. It turns every Roadrunner event
into a telemetry event, such as [roadrunner, request, stop], following the
telemetry span convention:
[{roadrunner, [{event_handler, roadrunner_telemetry}]}].
To handle only the events you need, write your own event handler instead,
for example one that forwards to telemetry itself:
-module(my_events).
-behaviour(roadrunner_event_handler).
-export([handle_event/2]).

handle_event(request_start, Req) ->
    {erlang:monotonic_time(), roadrunner_req:method(Req)};
handle_event(request_stop, {{Start, Method}, Status, _Kind}) ->
    telemetry:execute(
        [my_app, request, stop],
        #{duration => erlang:monotonic_time() - Start},
        #{method => Method, status => Status}
    );
handle_event(_Event, _Args) ->
    ok.
What handle_event/2 returns for request_start comes back as the first
element of request_stop, so you keep only what you need. The default
handler, roadrunner_event_noop, drops every event. End handle_event/2
with a catch-all clause, since new events can be added. See
roadrunner_event_handler for the full list of events.
Router 404 and 405 answers fire no request_start or request_stop. If
your metrics count them, as cowboy_metrics_h does, add a catch-all route
such as {~"/*path", not_found_handler, []} at the end of your routes. That
handler then also gets requests whose method a route does not allow, so it
answers those instead of the router's 405.
Each request also sets a request_id in the logger process metadata, and
roadrunner_listener:info/1 returns live counters such as active_clients
and requests_served.
No direct equivalent
Some Cowboy features have no Roadrunner counterpart. Here is the usual way to
cover each one.
	cowboy_rest: there is no REST state machine. Write a plain handler
that matches on the method, and use the map route's methods for 405
answers, roadrunner_etag for ETag and 304, roadrunner_cors for CORS,
and your own middleware for shared steps such as authentication
	Host matching, optional segments, and constraints in routes: read the
host header, write one route per shape, and check bindings in the handler
	match_qs/2, match_cookies/2, parse_header/2: read the list from
parse_qs/1 or parse_cookies/1, or the raw value from header/2, and
convert it in your code
	cowboy_req:inform/2,3 (1xx responses) and cowboy_req:push/3,4
(HTTP/2 server push): not available
	read_part/1 and read_part_body/1 (reading multipart one part at a
time): read_form/1 parses a multipart body after reading all of it
	cowboy_req:cast/2 (messages to stream handlers): there are no stream
handlers. To read a body piece by piece, use body_buffering => manual and
read_body/2 with length
	Loop handler timeouts ({cowboy_loop, Req, State, Timeout}): start a
timer with erlang:send_after/3 in handle/1, and cancel and restart it in
handle_info/3 on each message to match Cowboy's idle timeout.
{cowboy_loop, Req, State, hibernate} has no equivalent
	cowboy_decompress_h and cowboy_tracer_h: no built-in version;
a middleware can cover your own cases
	terminate/3 in handlers and WebSocket handlers: there is no such
callback
	WebSocket idle timeout (idle_timeout): there is no option for it
	WebSockets over HTTP/2 and HTTP/3: a {websocket, ...} response on
those protocols answers 501; WebSocket clients connect over HTTP/1.1
	cowboy_req:cert/1, sock/1 and port/1 (TLS client certificate,
local address, port): no reader for them. The port can be read from the
host header
	Middleware {suspend, M, F, A}: not available
	cowboy:set_env/3 for values other than routes: keep them in your own
application env or in route state

Checklist
	Swap the cowboy dep for roadrunner and add ssl to applications if
you serve TLS
	Replace cowboy:start_clear/3 and cowboy:start_tls/3 with
roadrunner:start_listener/2, and list http2 (and http3) in protocols
	Turn the dispatch rules into a routes list: binary paths, *name for
[...], no host level
	Change binding lookups from atom keys to binary keys
	Rewrite each init/2 as handle/1 that returns {Response, Req}
	Replace cowboy_req:reply/4 calls with response tuples or roadrunner_resp
builders, and response header maps with lists
	Move set_resp_header and set_resp_cookie to roadrunner_resp:add_header/3
and roadrunner_resp:set_cookie/4
	Turn stream_reply code into {stream, ...} responses and cowboy_loop
handlers into {loop, ...} responses with handle_info/3
	Port WebSocket handlers to roadrunner_ws_handler
	Move cowboy_middleware modules and response-changing stream handlers to
roadrunner_middleware
	Point cowboy_static routes at roadrunner_static with a *path wildcard
	Replace cowboy_metrics_h with an event handler, or set
roadrunner_telemetry as the event handler to keep your telemetry handlers
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    How the bench load generators work

This doc explains the internals of the two load drivers that ship in
scripts/: the in-tree closed-loop one (bench.escript) and the
external open-loop one (wrk2_bench.sh). Read it if you need to
know what the numbers from bench_matrix.sh and wrk2_bench.sh
actually measure, or if you're trying to decide which driver to
trust for a given question.
TL;DR
		bench.escript	wrk2_bench.sh
	Loop	closed	open
	Throughput	total requests / elapsed wall	issued at fixed target rate
	Latency truth	per-request send→recv timing, but Coordinated-Omission-deflated under load	HdrHistogram corrected for delayed starts
	Stack	pure Erlang, in-tree (roadrunner_bench_client for h2)	wrk2 in Docker (cylab/wrk2)
	Question it answers	"what's the peak RPS each server reaches?"	"what tail latency does every issued request see at rate R?"

Both have a place. Use bench.escript to find the peak (so you
know what to plug into wrk2_bench.sh's rate sweep) and use
wrk2_bench.sh to characterise the tail honestly at rates below /
near the peak.
bench.escript — closed-loop, in-tree
Connection model
Each scenario starts the chosen server in a peer BEAM (one peer per
server: roadrunner, cowboy, elli — kept isolated) via
peer:start_link/1. The driver's main BEAM then spawns one
worker process per --clients slot (default 50). Each worker
opens one keep-alive TCP connection and reuses it for every
request the worker issues during the measurement window.
peer BEAM (roadrunner_listener)
    ↑   ↑   ↑   ...   ↑          (50 TCP connections)
    │   │   │         │
worker  worker  worker      (50 Erlang processes)
    └──── one driver BEAM ────┘
Workers don't share state. They're spawned with spawn_link, run
their loop until the Deadline (a monotonic_time(millisecond)
target), and ! their accumulator back to the driver.
Request scheduling — the closed loop
The hot path inside one worker:
keep_alive_loop(Sock, Req, BodyLen, Deadline, Acc) ->
    case erlang:monotonic_time(millisecond) >= Deadline of
        true -> Acc;
        false ->
            T0 = erlang:monotonic_time(nanosecond),
            ok = gen_tcp:send(Sock, Req),
            {ok, _Bytes} = recv_response(Sock, <<>>, BodyLen, 5000),
            T1 = erlang:monotonic_time(nanosecond),
            keep_alive_loop(Sock, Req, BodyLen, Deadline,
                            bump_ok(Acc, T1 - T0, Bytes))
    end.
Send → recv → loop. The worker can't issue request N+1 until
request N's response has been fully read. That's the closed loop:
the load offered to the server is paced by the server itself.
This is the source of Coordinated Omission. When the server stalls
for any reason (GC, scheduling, a slow connection on the same
listener), the worker waits — and the requests that "would have"
been sent during the stall are never sent, so their latency never
enters the histogram. The p99 you see is what the stall let
through, not what every issued request would have seen.
Throughput
After all workers finish, the driver computes:
RPS = total successful requests / wall-clock elapsed (µs)
elapsed_us is bracketed by monotonic_time(microsecond) calls
around the worker spawn — startup overhead is amortised but the
spawn itself is included.
total excludes errors. The CSV / report shows error count
separately when non-zero.
Latency aggregation
Each worker keeps an in-memory list of nanosecond per-request
durations: latencies_ns => [Ns | _]. After the worker exits, it
!s the whole list back to the driver:
init_acc() ->
    #{ok => 0, err => 0, bytes_in => 0, latencies_ns => []}.
The driver concatenates all 50 worker lists, sorts the result, and
indexes:
pct(Sorted, N, Q) ->
    Idx = max(1, min(N, round(Q * N))),
    lists:nth(Idx, Sorted).
So p99 is Sorted[round(0.99 * N)], etc. For a 5-second h1 hello
run at 50 workers, the sample count is well over 1 M (roughly the
per-second peak × 5), so the index hits the right percentile to
within 1 sample.
Can the loader be the bottleneck?
It can, and you should think about it on the high-throughput cells.
At ~300 k req/s on roadrunner hello h1, 50 worker processes each
run ~6000 gen_tcp:send/recv pairs per second, so each cycle is
~167 µs end-to-end. Of that, ~30 µs is Erlang-side CPU work (send
NIF + recv loop reading until \r\n\r\n then counting
Content-Length bytes + nanosecond timestamp + cons + recursion);
the remaining ~137 µs is the worker blocked on the response
(kernel + server time). The Erlang CPU portion is what competes
with the server for cores: 50 workers × 30 µs × 6 k cycles per
second is ~9 cores of total loadgen CPU. On a 24-thread machine
that fits comfortably below saturation; on smaller boxes the
loadgen and the server can genuinely contend.
Symptoms of loader saturation:
	Adding --clients doesn't increase throughput.
	The peer-BEAM CPU is much lower than the driver-BEAM CPU.
	Latency p50 stays flat at higher rates instead of climbing — a
closed-loop driver in saturation just stops issuing more
requests, which hides the real picture.

If you suspect this, drop to fewer clients (--clients 25) and
compare against the default. If RPS doesn't drop proportionally,
you were CPU-bound on the loadgen.
For our own local runs we use 50 clients on a 24-thread machine,
which leaves the loadgen comfortably below saturation for
everything except the very top throughput cells (hello,
pipelined_h1).
wrk2_bench.sh — open-loop, via Docker wrk2
The script wraps wrk2 (Gil Tene's
constant-throughput variant of wrk). wrk2 uses the same C-level
event loop wrk does, but schedules requests at a fixed target
rate (-R) regardless of server response time and corrects the
HdrHistogram for Coordinated
Omission.
Architecture
host                                 docker container
─────                                ────────────────
peer BEAM (one server)               cylab/wrk2:latest
    ↑      ↑      ↑   ...            wrk2 process
    │      │      │                       │
    │      │      │            ┌──────────┴──────────┐
    │      │      │            │  8 threads × 50    │
    │      │      │            │  connections       │
    └──────┴──────┴── TCP ─────┴────────────────────┘
                  (loopback, --network=host)
The driver script (scripts/wrk2_bench.sh):
	Starts ONE server in a peer BEAM via bench.escript --standalone,
which writes the bound port + URL path + HTTP method to a port
file and blocks until SIGTERM.
	Spawns cylab/wrk2:latest with --network=host so the
container hits the BEAM listener on loopback. wrk2 runs its
own event loop inside the container.
	wrk2 issues requests at the target rate. With -c 50, it
maintains 50 keep-alive connections and issues requests
serially on each (one in flight per connection at a time).
wrk2 supports HTTP pipelining via a Lua hook (wrk.pipelining)
but our scripts don't enable it.
	After -d seconds, wrk2 prints the HdrHistogram. The script
parses both blocks: "Recorded Latency" (CO-corrected) and
"Uncorrected Latency" (what a closed-loop tool would have
reported, for direct comparison).
	The script kills the standalone listener, repeats for each
(server, scenario, rate) combination, and writes the matrix
to /tmp/wrk2_results.md (or the --out path).

Rate selection
For each (scenario, server) pair, the script sweeps four rates:
50 %, 75 %, 90 %, 95 % of the peak measured by bench.escript
(the script's PEAK table, taken from a bench_matrix.sh run).
The 90 % point usually sits around the elbow; 95 % usually
saturates. The achieved-rate
column in the report flags rows where actual / target < 0.99.
Latency aggregation — HdrHistogram with CO correction
wrk2 records every individual request's latency into an
HdrHistogram (a sparse-bucketed lock-free histogram designed by
Gil Tene). With CO correction enabled, when wrk2 schedules a
request at time T and the server doesn't respond until
T + Δ, wrk2 backfills synthetic samples for all the requests
that would have been issued during the gap, with their
latencies extrapolated to T_end - T_scheduled (not
T_end - T_actually_sent).
The result is what the customer would have observed if they were
hammering the server at that rate from outside, instead of being
politely throttled by the loadgen waiting on the previous
response.
Can wrk2 be the bottleneck?
In principle, yes — wrk2 is C event-loop code at ~50 connections
per thread, and at very high target rates (millions of req/s) on
small responses you can run out of CPU on the wrk2 side too. In
practice, for our matrix (peak < 300 k req/s, -t 8 -c 50) it
isn't close. wrk2 was designed for this kind of measurement; the
Docker overhead is ~1 % at our throughput levels.
If you're benchmarking a server that pushes >1 M req/s, scale
-t and -c up and watch for Requests/sec in wrk2's output
falling below -R even at low rates — that's the loader
saturating.
Why both?
Closed-loop and open-loop measure different things. The closed-loop
bench answers "what's the peak RPS each server reaches?" —
useful for capacity planning, comparing servers at saturation, and
finding regressions. The open-loop bench answers "what tail
latency does every issued request see at rate R?" — useful for
SLA sizing and exposing tail-hiding effects.
The two outputs are complementary, not substitutes. The
closed-loop peak feeds the wrk2 rate sweep; the wrk2 tail tells
you how close to that peak you can actually run in production.
HttpArena-shape workloads
For profile-driven optimization against the
HttpArena leaderboard, the
bench includes scenarios that mirror HttpArena profiles directly,
so improvements can be measured reproducibly inside this repo
rather than only via the external harness:
	httparena_baseline: GET /baseline11?a=I&b=I returns plaintext
A + B. Mirrors HttpArena's baseline profile.
	httparena_json: GET /httparena_json/50?m=1 returns a 50-item
JSON list with total = price * quantity * m. The dataset is
cached in persistent_term at module load. Mirrors HttpArena's
json profile.
	httparena_upload_20mb_auto and httparena_upload_20mb_manual:
POST /upload with a 20 MB body, under body_buffering => auto
vs body_buffering => manual respectively. The handler returns
the plaintext byte count. Mirrors HttpArena's upload profile;
the pair is the in-tree reproduction of HttpArena's auto-mode
memory peak on the 20 MB validator.

All four are roadrunner-only fixtures (no cowboy / elli parity
handler); the bench filters the other servers out at preflight.
Run with --with-resources to capture peak RSS / BEAM memory
alongside throughput:
./scripts/bench.escript --scenarios httparena_upload_20mb_auto \
    --with-resources --clients 8 --duration 5
./scripts/bench.escript --scenarios httparena_upload_20mb_manual \
    --with-resources --clients 8 --duration 5

For hot-path analysis, add --profile --profile-tool eprof (or
fprof).


  

  
    
    Contributing to Roadrunner - roadrunner v0.11.1
    
    

    


  
  

    Contributing to Roadrunner

	Setup
	Workflow
	License
	Reporting a bug
	Requesting or implementing a feature
	Submitting your changes	Code Style
	Committing your changes
	Pull requests and branching
	Credits



Setup
See .tool-versions for the required Erlang/OTP and rebar3 versions
(install via mise or
asdf).
git clone https://github.com/arizona-framework/roadrunner.git
cd roadrunner
make compile

Workflow
One command covers day-to-day development:
	make test (or make precommit, or rebar3 precommit) — run
before every commit and before pushing. Formats-check Erlang via
erlfmt, compiles, runs xref + hank + dialyzer, runs the eunit +
Common Test (incl. PropEr) suites with cover, fails if line
coverage drops below 100 %, and builds the docs. CI runs the same
command.

make help lists every target. Common ones:
	make compile / make doc / make fmt
	make eunit / make ct / make dialyzer / make xref / make hank (individual stages)
	make bench-quick / make wrk2-quick / make h2spec / make h3spec / make h3interop / make autobahn
	make clean / make distclean

You can also invoke rebar3 <task> directly (the Makefile is just a
thin wrapper over the same targets). See rebar.config for the full
alias list.
Diagnostic / conformance scripts under scripts/ (bench.escript,
h2spec.sh, h3spec.sh, h3interop.sh, autobahn.escript, redbot.escript, wrk2_bench.sh)
are run directly; each script's header documents its requirements.
Test surface
PropEr properties via ct_property_test cover the surfaces where
input-shape coverage matters: roadrunner_uri (percent round-trip +
encode shape), roadrunner_qs (round-trip), roadrunner_cookie
(adversarial robustness), roadrunner_http1 (parsers never-crash +
incremental-feed equivalence), roadrunner_conn_loop (random recv /
drain / stray inputs, clean exit + slot release), and request_id
consistency between request_start / request_stop telemetry.
Malformed-input corpus: roadrunner_http1_corpus_tests exercises
HTTP/1.1 patterns lifted from the
llhttp test corpus and the
canonical request-smuggling vectors documented by
PortSwigger.
Conformance harnesses (run on-demand, not part of make precommit):
	scripts/h2spec.sh — HTTP/2 (RFC 9113 + RFC 7541). Strict 100 % pass.
	scripts/autobahn.escript — WebSocket (RFC 6455 + RFC 7692). Strict
100 % across the full
Autobahn|Testsuite
fuzzingclient matrix, no exclusions.
	scripts/redbot.escript — HTTP/1.1 response hygiene via
REDbot.

Benchmarking notes
Two complementary load drivers ship in this repo:
	scripts/bench.escript — closed-loop. Each worker sends a
request, waits for the response, sends the next. Reports
throughput + p50/p99 from per-request timing. Easy to set up,
no external dependency, but tail latency under load is
deflated by Coordinated Omission. scripts/bench_matrix.sh
drives it across the headline scenarios and writes the table to
/tmp/bench_results.md.
	scripts/wrk2_bench.sh — open-loop, via
wrk2 running in Docker
(cylab/wrk2:latest). Issues requests at a fixed rate
regardless of server response and reports
Coordinated-Omission-corrected HdrHistogram percentiles.
Output: /tmp/wrk2_results.md (override with --out). Needs
docker on PATH and rebar3 as test compile already done;
the script pulls the image automatically.

Run a quick wrk2 sanity check:
./scripts/wrk2_bench.sh --quick --scenarios hello

The full matrix takes ~2 hours at --runs 1 --duration 30s and
~10 hours at the canonical --runs 3 --duration 60s. Run on a
quiet machine — system noise inflates tail percentiles.
Both drivers' internals (worker model, latency aggregation,
loader-as-bottleneck conditions) are documented in
docs/bench_internals.md.
License
Roadrunner is licensed under the Apache License Version 2.0, for all code.
Reporting a bug
Roadrunner is not perfect software and will be buggy.
Bugs can be reported via
GitHub issues: bug report.
Some contributors and maintainers may be unpaid developers working on Roadrunner, in their own time,
with limited resources. We ask for respect and understanding, and will provide the same back.
If your contribution is an actual bug fix, we ask you to include tests that, not only show the issue
is solved, but help prevent future regressions related to it.
Requesting or implementing a feature
Before requesting or implementing a new feature, do the following:
	search, in existing issues (open or closed),
whether the feature might already be in the works, or has already been rejected,
	make sure you're using the latest software release (or even the latest code, if you're going for
bleeding edge).

If this is done, open up a
GitHub issues: feature request.
We may discuss details with you regarding the implementation, and its inclusion within the project.
We try to have as many of Roadrunner's features tested as possible. Everything that a user can do,
and is repeatable in any way, should be tested, to guarantee backwards compatible.
Submitting your changes
Code Style
	run rebar3 fmt (also part of the precommit gate) — erlfmt
enforces no trailing whitespace, 4-space indentation, and a
100-character soft line limit
	write small functions whenever possible, and use descriptive names for functions and variables
	comment tricky or non-obvious decisions made to explain their rationale
	prefer modern OTP idioms — sigils for binary literals (~"..."),
triple-quoted multi-line strings ("""..."""), maybe expressions
for nested case chains, body recursion (cons on the way out) over
lists:reverse(Acc), binary keys for wire-derived data (no
binary_to_atom on parsed names)

Committing your changes
Merging to the main branch will usually be preceded by a squash.
Commit messages use a plain imperative subject line — no
feat:/fix:/chore: semantic prefixes. Subject only, no body
unless the change genuinely needs explanation (a one-line subject
beats a paragraph of preamble).
While it's OK (and expected) for your commit messages to relate the
why of a given change, be aware that the final commit (the merge
one) will be the PR title — so make it specific. This also helps
automated changelog generation.
Pull requests and branching
All fixes to Roadrunner end up requiring a +1 from one or more of the project's maintainers.
During the review process, you may be asked to correct or edit a few things before a final rebase
to merge things. Do send edits as individual commits to allow for gradual and partial reviews to be
done by reviewers.
Credits
Roadrunner has been improved by
many contributors!
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    Resource limits

Roadrunner bounds how much memory and CPU a single connection or peer
can pull in before any handler runs. The goal is that no client, by
sending oversized, malformed, or slow input, can grow a connection's
memory without bound or pin a worker. Every limit on this page is on by
default, except the opt-in per-peer rate guard (rate_limit, below).
This page is an operator reference. For the reporting policy, see
SECURITY.md. For the exact option types, see
roadrunner_listener:opts/0.
HTTP request limits
	Limit	Default	Configurable	Over-limit behavior
	Request line	8 KB	yes	414 URI Too Long, connection closed
	Header line	8 KB	yes	431 Request Header Fields Too Large, connection closed
	Header block (cumulative)	10 KB	yes	431 Request Header Fields Too Large, connection closed
	Header count	100	yes	431 Request Header Fields Too Large, connection closed
	Body (max_content_length)	10 MB	yes	413 Payload Too Large

The request line, header line, header block, and header count caps are
tuned under {http1, #{...}} in the protocols list, with the keys
max_request_line, max_header_line, max_header_block, and
max_header_count. A chunked body's trailer block obeys the same header
caps and is rejected the same way.
The body cap is enforced across all three protocols. For HTTP/1.1 it
covers both Content-Length and Transfer-Encoding: chunked requests:
the cap is checked as the body is read (a chunked body on its declared
size line), so an oversized body is rejected without buffering the whole
thing. The 413 goes out first and the connection then closes, reading and
dropping what the client still sends for up to the http1 linger_timeout
(1 s by default) or until it closes, so the client reads the 413 rather than
losing it to a reset. HTTP/2 and HTTP/3 accumulate DATA frames against the same cap; an
over-cap body answers 413 Payload Too Large and resets the stream
(RST_STREAM(NO_ERROR) on h2, STOP_SENDING on h3) so the client stops
sending.
A route can set its own cap with the max_content_length key of its map
form, larger or smaller than the listener's; it applies to the requests
that route answers, and requests no route answers keep the listener's.
HTTP/1.1 routes each request before reading its body, so the route's cap
governs the read, the 100 Continue answer and the early 413. HTTP/2 and
HTTP/3 hold a body to the listener's cap and ask its route when the body
grows past it, so a larger route cap lets it continue. A smaller route
cap is checked once the request is routed, after its body is in; a
request that sends Expect: 100-continue gets the 413 from its headers
alone.
WebSocket limits
A WebSocket message is the WS analog of a request body, so its caps
default to the same value as max_content_length. Both are enforced
before the payload reaches the handler, and crossing either closes the
connection with RFC 6455 code 1009 (message too big).
These are configured under the ws listener option as a nested map,
e.g. ws => #{max_frame_size => N, max_message_size => N}.
	Limit	Default	What it bounds
	ws.max_frame_size	10 MB	one frame's declared payload, checked on the frame header before the body is buffered
	ws.max_message_size	10 MB	a reassembled message: the running total across fragments, and the decompressed size when permessage-deflate is negotiated

Notes:
	max_message_size must be >= max_frame_size; a listener configured
otherwise refuses to start
	each fragment is charged at least a small fixed overhead toward
max_message_size, so a flood of empty or tiny continuation frames is
bounded by the cap, not just the total payload bytes
	permessage-deflate is inflated in bounded chunks against
max_message_size, so a small high-ratio frame cannot expand into
gigabytes before the cap fires

When a cap closes a connection, roadrunner emits the
ws_frame_rejected event (with the cap's reason and the offending
size) so oversize and flood attempts are visible to your event
handler.
HTTP/2 framing limits
The framing layer enforces these. The ones with a SETTINGS counterpart
are advertised to the peer in the initial SETTINGS frame.
	Limit	Default	Configurable
	SETTINGS_MAX_FRAME_SIZE	16 KB	no (fixed)
	SETTINGS_MAX_CONCURRENT_STREAMS	100	yes
	HPACK decoder table	4 KB	no (fixed)
	Header block (HEADERS + CONTINUATION)	16 KB	yes
	Connection receive window (conn_window)	65535	yes
	Stream receive window (stream_window)	65535	yes

A frame whose declared length exceeds the negotiated max frame size is
rejected on its 9-byte header, before the body is buffered. Streams over
the concurrency limit are refused. The cumulative header block has no
SETTINGS counterpart yet, so it is enforced silently: a peer that
overruns it gets GOAWAY(ENHANCE_YOUR_CALM). The concurrency and
header-block caps are tuned under {http2, #{...}} in the protocols
list, with the keys max_concurrent_streams and max_header_block.
Response headers are held to the client's own limit: a client that sends
SETTINGS_MAX_HEADER_LIST_SIZE gets no header section over it (RFC 9113
§6.5.2), counted as name + value + 32 per field, :status and the auto
headers (date, alt-svc) included. A handler response whose headers
are over it is answered 500 Internal Server Error instead, before
anything is sent, and the error is logged; the request's telemetry and
events report the 500. Trailers over it come after the status is sent,
so they reset the stream with INTERNAL_ERROR, as does a limit too small
for even the 500 or for one of the server's other answers (404, 405,
413). Each request is held to the limit known when its handler starts:
a lower limit in a later SETTINGS frame holds for the requests after it
(the setting is advisory, RFC 9113 §10.5.1). With no limit sent there is
none. The connection's own short answers (413, 431, 429, 503,
the interim 100) are not checked: their few fields are far below any
real limit. HTTP/3 does the same with SETTINGS_MAX_FIELD_SECTION_SIZE
(below).
HTTP/3 framing limits
	Limit	Default	Configurable
	Field section block (encoded HEADERS)	16 KB	yes
	initial_max_streams_bidi	100	yes
	QPACK dynamic table (SETTINGS_QPACK_MAX_TABLE_CAPACITY)	4 KB	yes
	QPACK blocked streams (SETTINGS_QPACK_BLOCKED_STREAMS)	16	yes

The encoded request field section is capped before it reaches the
handler; an overrun answers 431 Request Header Fields Too Large. The
concurrent client-initiated bidirectional (request) stream count is
advertised to the peer in the QUIC transport parameters, the h3
counterpart to HTTP/2's max_concurrent_streams. Both are tuned under
{http3, #{...}} in the protocols list, with the keys
max_header_block and max_streams_bidi.
Response headers are held to the client's own limit: a client that sends
SETTINGS_MAX_FIELD_SECTION_SIZE (Chrome, quiche and ngtcp2 all do) gets
no header section over it (RFC 9114 §4.2.2), counted the same way (name
	value + 32 per field, :status and date included). A handler
response whose headers are over it is answered 500 Internal Server Error instead, before anything is sent, and the error is logged.
Trailers over it come after the status is sent, so they reset the stream
with H3_INTERNAL_ERROR, as does a limit too small for even the 500. A
request served before the client's SETTINGS arrive has no limit (RFC
9114 §7.2.4.2).

The QPACK dynamic table a client may fill to compress its request
headers is capped per connection at qpack_max_table_capacity bytes
(name + value + 32 per entry, RFC 9204 §3.2.1), set under
{http3, #{...}} too; 0 turns it off. A partial encoder instruction is
buffered only up to the size a valid one can reach.
A request whose headers (or trailers) use table entries still on their
way is held until they arrive (a blocked stream, RFC 9204 §2.1.2). At
most qpack_blocked_streams requests of a connection wait this way at
once; a client that goes past that is closed with
QPACK_DECOMPRESSION_FAILED. A waiting request holds no in-flight slot
until it can be read. With body_buffering => manual what it holds
stays within its stream's flow-control window. Otherwise it holds at
most max_content_length plus twice max_header_block bytes, frame
headers counted, and past that it is answered 413, since its route
(which may allow a larger body) is not known before its headers are
read. 0 allows no waiting request, and most clients then never use the
table.
Connection and slow-client guards
	Limit	Default	Configurable	Purpose
	socket_backlog	1024	yes	TCP listen backlog (kernel SYN/accept queue depth)
	recv_buffer	64 KB	yes	per-connection inbound TCP buffer (body-path throughput vs memory at scale)
	max_clients	16384	yes	concurrent connection cap per listener
	max_concurrent_requests	infinity	yes	concurrent in-flight request cap per listener (HTTP/2 and HTTP/3, every protocol in shed mode)
	overload_mode	refuse	yes	what a request over max_concurrent_requests gets: refused, queued, or shed with 503
	request_timeout	30 s	yes	header-read timeout on a fresh connection
	keep_alive_timeout	60 s	yes	idle timeout between requests
	max_keep_alive_requests	1000	yes	requests served per connection before close
	min_bytes_per_second	100	yes (0 disables)	slow-loris guard on the request-read phase
	rate_limit	off	opt-in	per-peer request-rate cap (429 + Retry-After)

max_clients's effective cap is min(max_clients, the OS file-descriptor limit). With the 16384 default above a stock ulimit -n of 1024, the
acceptors hit emfile at the descriptor ceiling — each emits
listener_accept_error and keeps accepting after a short
back-off rather than going silent — so raise ulimit -n (and the systemd
LimitNOFILE) for high concurrency. Saturation recv-buffer memory scales
as max_clients × recv_buffer, so lower either for a tighter bound.
max_clients bounds connections and the HTTP/2 / HTTP/3
max_concurrent_streams bounds streams per connection, but their product
(the worst-case number of concurrent handler processes) is otherwise
unbounded. At the defaults that product (16384 × 100 ≈ 1.6M) exceeds the
BEAM process limit (+P, default 262144), so under heavy multiplexing it
can exhaust the VM-global process table — failing spawns everywhere, not
just this listener — on top of unbounded handler memory.
max_concurrent_requests caps that product directly: a listener-wide
ceiling on live handler processes for the multiplexed protocols. Over the
ceiling, a new HTTP/2 or HTTP/3 stream is refused with REFUSED_STREAM /
H3_REQUEST_REJECTED (both retry-safe per RFC 9113 §8.7) before any
handler runs, and the refusal emits request_throttled and
increments the throttled count from roadrunner_listener:info/1. HTTP/1
is unaffected: it serves one request per connection, so max_clients
already bounds it.
overload_mode picks what a request over the ceiling gets. refuse, the
default, is the refusal above. {queue, #{max_queued => N, timeout => Ms}} parks it until a slot frees, refusing it only when the wait runs
out or the queue is full. {shed, #{retry_after => Secs}} answers it
503 Service Unavailable with Retry-After (default 1 second, RFC 9110
§15.6.4) and no body, before any handler runs: clients wait and come
back instead of retrying at once, which suits clients that talk to the
server directly, while the retry-safe refusal suits a proxy that can try
another backend. In shed mode HTTP/1 requests count against the ceiling
too, so it is one in-flight budget across every protocol; an HTTP/1
request over it gets the 503 with connection: close before any of its
body is read. A shed request emits request_throttled and increments
throttled, like a refused one. Connections over max_clients are
still closed without a response: answering them would cost a process,
and on TLS a handshake, for clients the server is turning away. Setting
max_concurrent_requests below what max_clients allows makes the
ceiling the soft limit that sheds and max_clients the hard one.
When choosing between the two knobs, prefer sizing the advertised
limits: pick max_clients and max_concurrent_streams (or
max_streams_bidi for HTTP/3) so their product fits the process budget.
The stream limit reaches clients in SETTINGS (or the QUIC transport
parameters), so they window themselves and no request is refused. A
refusal cap sheds load instead: retry-safe per the RFC, but a client
that does not retry REFUSED_STREAM sees every refusal as a failed
request.
Reserve max_concurrent_requests as the hard backstop against peers
that ignore the advertised limits, not as the primary bound.
Where max_clients and max_concurrent_requests bound the listener's
total load, rate_limit (off by default, the only opt-in guard here) caps
a single source, so one peer cannot monopolize the server. It is a
token bucket keyed on the client IP: #{rate := N, period => Secs, burst => B} allows N requests per period seconds (default 1) with a burst
of B (default N). A peer over its rate gets 429 Too Many Requests +
Retry-After before any handler runs, on HTTP/1.1 from the request's
headers alone, before any of its body is read (a real 429 on HTTP/2 and HTTP/3,
not the retry-safe REFUSED_STREAM / H3_REQUEST_REJECTED, so clients
back off instead of retrying at once), emitting the request_throttled event with
reason rate_limit and incrementing the
rate_limited count from roadrunner_listener:info/1. An IPv6 client is
keyed by its /64, the network a host is given: the host can use any
address in it, so a bucket per address would let it lift its own limit
(an IPv4 client carried in IPv6, IPv4-mapped or under the NAT64 prefix
64:ff9b::/96, keeps its IPv4 key). A bucket is dropped once it is full
again (checked every sweep_interval), which a peer cannot tell from no
bucket, so waiting never resets a limit. It keys on the client IP, so
behind a balancer set proxy_protocol (an L4 balancer)
or real_ip (HTTP proxies passing X-Forwarded-For or Forwarded);
otherwise every client behind the proxy shares one bucket.
A route can have its own rate with the rate_limit key of its map form,
in the same shape (rate, period, burst). It is a second bucket per
client, kept on top of the listener's: a request to the route spends from
both, and either one can refuse it with the same 429, telemetry event and
rate_limited count. It needs no listener rate_limit to work. The check
is the first of the route's own middlewares, after the listener's, so a
route without a limit pays nothing for it, and the 429 is a response from
the route like any other: the listener's middlewares see it, it is
reported as a request, and the connection stays open. Its buckets are
dropped like the listener's, once full again. reload_routes/2 keeps the
buckets of a route whose path, methods and limit stay the same, and
starts new ones when they change.
Configuring
Pass any configurable limit in the listener options map:
roadrunner:start_listener(my_api, #{
    port => 8080,
    routes => my_handler,
    socket_backlog => 4096,
    max_content_length => 5_242_880,
    protocols => [
        {http1, #{max_header_count => 200}},
        {http2, #{max_concurrent_streams => 250, max_header_block => 32_768}},
        {http3, #{max_header_block => 32_768, max_streams_bidi => 250}}
    ],
    ws => #{max_frame_size => 1_048_576, max_message_size => 8_388_608}
}).
See roadrunner_listener:opts/0 for the full list and the canonical
defaults.
Connection-process memory: the GC policy
Every handler-running process is spawned with [{fullsweep_after, 0}],
which makes each garbage collection a full sweep and keeps the
per-connection heap flat. It is the handler_spawn listener option, so a
deployment can swap in the emulator's generational default instead.
Which way that trade goes depends on whether your connections are busy
or idle, so both halves are worth knowing before you set it.
While connections are busy, the generational policy is faster on a
handler that allocates heavily. On a route that builds about 27 KB of
transient iolist per request (3 interleaved runs per side):
	policy	req/s	rss
	fullsweep_after, 0	98.5k	146 MB
	generational	114.8k	185 MB

On a route serving a precomputed body, the two policies measured the
same throughput within noise, and the default still held less resident
memory (143 MB against 162 MB). In an earlier run, on a JSON route that
builds a large transient iolist per request, values of 5, 10 and 20
measured within noise of the generational policy on both axes, because
the refc-binary garbage driving the heap piles up between full sweeps
whatever the interval between them is. Sweep every time or effectively
never.
Once connections go idle still holding the heap their last request grew,
the generational policy is much more expensive. With 2000 keep-alive
connections open, each having served a burst, and only 50 of them still
working:
	policy	process memory	live blocks	rss
	fullsweep_after, 0	32 MB	211-247 MB	406 MB
	generational	464 MB	not measured	1136 MB
	generational + hibernate_after	36 MB	134-143 MB	645 MB

The generational row comes from an earlier batch of runs, in which the
default measured the same 32 MB of process memory and 449-469 MB of rss.
That idle case is what the default is for: 14.5x the process memory.
Adding hibernate_after to the default policy is not a further win.
In a separate batch of three interleaved rounds, a 1000 ms
hibernate_after cut the emulator's total memory from 252-253 MB to
193-194 MB and the binary allocator's blocks from 166-184 MB to
73-99 MB, but the resident set came out 12-22 MB higher and the 50 busy
connections served 2-7.5% fewer requests.
The last row is the configuration worth reaching for if you want the
throughput anyway. It was measured with these settings:
roadrunner:start_listener(my_api, #{
    port => 8080,
    routes => my_handler,
    handler_spawn => #{opts => [{fullsweep_after, 65535}]},
    hibernate_after => 1000
}).
Hibernation sweeps and shrinks an idle connection's heap, so its process
memory lands close to the default's, and its live blocks (the memory the
emulator is actually using) come out below the default's.
Two things to weigh before setting it. First, the resident set stays
well above the default even though less memory is in use, because the
heap allocator holds on to carriers its blocks no longer fill: in these
runs eheap_alloc held 125-145 MB of carriers for 16-20 MB of blocks.
Switching off the segment cache with +MMmcs 0 in vm.args recovers
roughly half of the gap (645 MB to 535 MB, two rounds each), with
throughput within 3%. Carrier abandonment (+M<S>acul) did not help
in either direction. It is already enabled: on OTP 29 the per-scheduler
allocator instances default to 45 for eheap_alloc and 60 for
binary_alloc. Turning it off (+MHacul 0 +MBacul 0) raised the
resident set in all three rounds of an earlier batch (medians 829-938 MB
against 610-712 MB). Raising eheap_alloc to 60 on top of +MMmcs 0
did not lower it: over two rounds its median went up in one and down in
the other, and its peak rose in both.
Second, waking a hibernated connection is charged to the request that
wakes it. With connections idling 1500 ms between requests, just past a
1000 ms hibernate_after, mean request latency went from 2.1-2.4 ms to
about 3.0 ms. In that run every active connection started its idle gap
at the same moment, so they woke at about the same time; staggered
wakes were not measured.
Reproduce the idle-connection numbers in this section with
scripts/idle_pool.escript, which opens a pool of mostly-idle
connections and samples the server's memory. A closed-loop benchmark
cannot show them, since there every connection stays busy.
CPU in containers: scheduler busy-wait
The listener options above bound memory. The one emulator flag worth
setting for CPU is the scheduler busy-wait threshold. By default a
scheduler that runs out of work spins for a while before sleeping, on
the bet that more work is about to arrive. That bet pays off on a
dedicated machine; in a container with a CPU quota it burns quota doing
nothing, and the spin is charged to your workload.
Add to vm.args when running in a container, or anywhere CPU is metered
or shared:
+sbwt none
+sbwtdcpu none
+sbwtdio none
Measured on a mostly-idle server (1024 connections, a paced 10k req/s,
so schedulers repeatedly run dry — the shape most production services
actually have): CPU 265% → 110% for the same request rate, with p99
and p99.9 both improving and peak throughput unchanged. Run-to-run
variance also drops sharply, because the spin is what was varying.
How the trade lands depends on how long the idle gaps are, so measure
your own workload. Where gaps are long — a paced service at a low rate,
the case above — a scheduler would sleep through them anyway and these
flags mostly just stop it burning quota. Where gaps are short, a fast
request-response or WebSocket echo with microseconds between messages,
the spin is precisely what keeps a scheduler from sleeping between them,
and switching it off costs real latency: on a 64-connection WebSocket
ping-pong, RTT p50 went from 169-181 us to 247-257 us with the busy-wait
disabled, a 42-46% regression, and throughput fell about 30%. At true
saturation, where a scheduler always has another process ready to run,
the spin never triggers and the flags do nothing either way.
Cold start: the first requests after a deploy
Outside a release the emulator runs in interactive mode, where a module
is loaded the first time something calls into it. Only a handful of
roadrunner's modules are resident when a listener starts; the whole
request path is still on disk. ERTS spells out the consequence in
"Non-blocking code loading": "The ability to prepare several modules in
parallel is not currently used as almost all code loading is serialized
by the code_server process." So traffic arriving at a just-started node
queues there, and the cost lands on the first requests the deploy
serves, not on the steady state.
It is worth real time. On a 512-connection TLS workload the p99 of a
connection's first 7 requests was 83.6 ms against a cold node and
8.7 ms once warm, with steady-state latency identical. A 1024-connection
burst measured from connect to first response byte took 45 ms cold and
8 ms warm.
Deploy as an OTP release and the problem does not arise: the generated
boot script primLoads every module of every application at start, in
interactive and embedded mode alike. If you run roadrunner outside a
release (a plain shell, an escript, a container that boots erl
directly), expect the first requests after each restart to be slower,
and send some traffic before putting the node into rotation.
TLS alert logging on internet-facing ports
ssl logs every alert it raises or receives as a notice-level report,
"TLS server: In state hello ... generated SERVER ALERT: Fatal - Unexpected
Message" being the common shape. A TLS port reachable from the internet
raises one for every scanner and misdirected client that connects and
sends something other than a ClientHello, so the log fills with them.
Roadrunner reports each failed handshake itself as
listener_accept_error with a {handshake, Reason} reason
that carries the alert text, so a deployment that consumes that event
already has the information and can silence the duplicate through the
listener's tls opts:
roadrunner:start_listener(edge, #{
    port => 443,
    tls => [{certfile, Cert}, {keyfile, Key}, {log_level, warning}],
    routes => Routes
}).
Roadrunner leaves the level at ssl's default on purpose. The same
setting also hides alerts raised after the handshake (a bad record from a
buggy client, a renegotiation attempt). Those close the connection, and
listener_conn_close reports them as {transport, {tls_alert, _}}, but
the default event handler drops events, so a deployment without one
would otherwise see nothing about TLS trouble at all. Quiet it when you
consume the events; keep it while the log is what you read.
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The TODO backlog on the road to v1.0: open work only. Each item carries a
short rationale and a rough effort estimate (small, medium, large). Items
drop off as they ship.
HTTP/2 response-shape coverage
One of the five handler return shapes still returns 501 Not Implemented
when served over HTTP/2 (src/roadrunner_conn_loop_http2.erl moduledoc
has the matrix).
{websocket, _, _} over h2 — RFC 8441 Extended CONNECT — large effort
What: Allow a handler to return {websocket, Module, State}
and have the upgrade work when the listener served the request over
h2.
Why deferred: plain h1 WebSocket uses Upgrade: websocket +
Connection: Upgrade headers — h2 has no equivalent. RFC 8441
added a way to do it: a CONNECT method with a
:protocol = websocket pseudo-header that creates a tunnel for WS
frames over h2 DATA frames. Implementation needs:
	SETTINGS_ENABLE_CONNECT_PROTOCOL=1 advertised in our SETTINGS frame
	Parsing :protocol pseudo-header in HEADERS
	Routing CONNECT-method requests with :protocol=websocket to
the WS handler
	WS frame I/O carried in h2 DATA frames (each direction)
	Handling close, ping, pong, fragmentation, control-frame size
limits, all the existing WS hardening rules, plus the full
permessage-deflate matrix (RFC 7692)
	Re-running the Autobahn fuzzingclient under h2

Practical impact today: small. Chrome and Firefox open a WebSocket
inside an existing h2 connection when the server advertises
SETTINGS_ENABLE_CONNECT_PROTOCOL; without it they open a separate h1
connection, which works everywhere. What h2 WebSocket saves is that
connection's TCP and TLS handshake (one or two round trips on mount or
reconnect) and one socket per user on the server. Behind a reverse proxy
or CDN the browser's h2 connection ends at the proxy, which usually
speaks h1 to the backend for WebSockets, so roadrunner sees no change
there. Per message it is likely slower than the dedicated h1 socket:
frames share one TCP connection with the page's other traffic (head of
line blocking behind a large download) and go through h2 framing, flow
control and the connection process. Worth doing when Arizona apps
commonly face browsers directly with many connected users.
Validation: no RFC 8441 conformance suite exists. Run the Autobahn
fuzzingclient through an h1-to-h2 bridge (Envoy can upgrade an h1
WebSocket to Extended CONNECT upstream), add headless Chrome to check a
real browser negotiates and uses it, and cover the RFC 8441 rules
(SETTINGS, :protocol without the setting, pseudo-headers, 200 not 101,
RST_STREAM and END_STREAM mapped to close) in CT.
Scope: large. The biggest part is giving roadrunner_ws_session a
second I/O backend: it owns a raw socket today (controlling-process
handoff, active-once reads, direct sends), while over h2 it reads stream
DATA from the connection process and sends within the stream and
connection flow-control windows. The frame codec (roadrunner_ws) and
the handler API carry over unchanged. The h1 WebSocket path must stay as
fast as it is, checked by an A/B on the WS bench.
Source: Arizona handoff R-h2-1.
Pre-SETTINGS stream leniency — small effort
What: Do not refuse streams a client opened before it could have
seen our advertised max_concurrent_streams. With prior-knowledge h2c a
client sends its preface and a burst of HEADERS in the same flight;
RFC 9113 §6.5.2 makes SETTINGS_MAX_CONCURRENT_STREAMS initially
unlimited, so the burst is compliant and refusing it sheds real
requests at every connection setup.
Most of it is already handled. Admitting the burst outright is how
the multi-GiB blowup that took json-h2c to zero happened, so leniency
needed somewhere to put the excess. overload_mode queueing is that
somewhere and has shipped: with a listener-wide ceiling in queue mode an
opening burst waits instead of being refused. What remains is only
whether to keep admitting past the advertised per-connection limit until
the client's SETTINGS ack arrives, which is a smaller question than it
was.
HTTP/3 does not need this. h3 has no
SETTINGS_MAX_CONCURRENT_STREAMS; stream concurrency is QUIC's, via the
initial_max_streams_bidi transport parameter and MAX_STREAMS frames.
The client learns the limit during the handshake, before it can open a
stream, so there is no burst to be lenient about.
HTTP/3 follow-ups
h3 shipped experimentally (protocols => [http3]; QPACK decodes the
client's dynamic table, responses use the static table). Remaining work:
	WebSocket over h3 (websocket shape, still 501) — RFC 9220
Extended CONNECT; it reuses the stream I/O backend WebSocket over h2
(RFC 8441) needs, so it follows that item, and shares its trade-offs
	QPACK encoder dynamic table: compress response headers with a dynamic
table of our own (encoder stream, tracking the client's Section
Acknowledgments and Insert Count Increments before evicting), when the
client advertises a non-zero SETTINGS_QPACK_MAX_TABLE_CAPACITY
	HttpArena baseline-h3 / static-h3 profiles (the local
scripts/bench.escript h3 path is wired and measured; these live in
the separate MDA2AV/HttpArena repo)
	WebTransport / Extended CONNECT (RFC 9220) and HTTP datagrams
(RFC 9297)

Native QUIC transport follow-ups
The HTTP/3 path runs on the native roadrunner_quic_* stack end to end, with no
quic dependency in production or test (roadrunner has no production deps,
and the test profile drives the server with a native QUIC client); the quic
dep is kept in the bench profile only, as an HTTP/3 comparison server. The RFC
MUSTs a browser depends on are implemented; the items below are conformance
hardening and transport completeness that a real browser GET / POST does not
need.
Transport completeness — bites large transfers / advanced cases
	Send-side flow control edge: signal DATA_BLOCKED / STREAM_DATA_BLOCKED when
the send window is zero before any data is sent (a peer that advertised
initial_max_data / initial_max_stream_data of 0). The common case — a
transfer that fills a non-zero window — already emits the frame on the
flow's blocked transition; this remainder is the never-sent-a-byte case a
conformant peer never produces — small

Throughput levers identified by profiling
All-scope eprof on current main over a steady-state download (scripts/bench.escript --servers roadrunner --protocols h3 --scenarios large_response --profile --profile-tool eprof --profile-scope all). Harness note: the native loadgen now
replenishes its receive window with MAX_DATA, so a connection sustains a download
(~330 MB/s aggregate on a 24-core box) instead of stalling at the advertised
initial_max_data; the per-connection bench numbers stay loadgen-bound (one
Erlang process per connection, serial per-datagram decrypt), so validate server
changes by profile-share, not headline req/s.
	Per-packet AEAD + header protection (~10%) and packet assembly
(build_packet/4 + stream_data_budget/5, ~13% together): mostly inherent
per-packet work. stream_data_budget/5 re-encodes the pending ACK frames each
packet just to size them; caching that size across a burst is a possible
micro-lever — small
	TLS session tickets / 0-RTT (RFC 8446 §2.2, RFC 9001 §4.6) for returning
clients: a connection-setup lever only, not steady-state. Resumption skips
the certificate and its signature, so a returning client's handshake gets
cheaper still than the full ECDSA P-256 one the bench now does — large

External interop check
scripts/h3interop.sh already gates every PR on the quiche and ngtcp2 clients
and headless Chrome (downloads, uploads, multiplexing, an ngtcp2 key update,
with and without packet loss). Remaining:
	Run the QUIC Interop Runner (quic-interop-runner) on a schedule: a server
image following its endpoint contract, so every client stack runs its test
cases (handshake, transfer, retry, resumption, zerortt, chacha20, keyupdate,
ecn, v2, connection migration) and the unsupported ones show as named gaps
— medium

HttpArena profile gaps
Remaining HttpArena profiles need roadrunner-side features.
h2c Upgrade-mode on a shared port — medium (roadrunner-side)
What: RFC 7540 §3.2 Upgrade: h2c negotiation: an HTTP/1.1
request with Upgrade: h2c, HTTP2-Settings: <base64> headers,
answered with 101 Switching Protocols, after which the
connection upstreams h2 frames. The same listener accepts h1 and
h2c on the same port, unlocking protocols => [http1, http2] on
plain TCP (today that combo is rejected at init/1 with
{listener_opt_conflict, protocols, _, no_h2c_upgrade}).
Why deferred: The prior-knowledge variant (protocols => [http2]
on a dedicated plaintext listener) ships and covers the common case
(benchmarks, internal clients with prior knowledge). Upgrade-mode
adds preface sniffing or h1-parse-then-switch logic to the conn
loop — a real expansion of the connection state machine that
isn't on the critical path.
HttpArena impact: none (its baseline-h2c / json-h2c profiles
use prior-knowledge).
Scope: medium. Decide on shared-port sniff vs h1-parse-Upgrade;
implement the chosen path; tests for both successful upgrade and
Upgrade: h2c rejection on TLS sockets (the spec forbids it).
HTTP/3 — see above
Unlocks baseline-h3 and static-h3.
gRPC — large (roadrunner-side)
What: A gRPC layer on top of the h2 stack: application/grpc
content-type dispatch, length-prefixed framing inside h2 DATA,
grpc-status trailers, server-streaming generators, plus a
codegen story (rebar3 plugin or grpcbox-style runtime descriptors).
HttpArena impact: unary-grpc, stream-grpc, and their TLS
variants.
Scope: large. None of the bits are exotic, but there are a
lot of them.
Other
CI bench-vs-baseline comparison
What: The Bench workflow (.github/workflows/bench.yml) writes its
result to the step summary and already uploads bench.log as a
downloadable artifact. The remaining follow-up is a comparison step (or
dashboard) that diffs a PR run against a baseline (e.g. main HEAD) and
surfaces the delta.
Why deferred: GH free runners are too noisy for automated
regression gating (deltas under ~15 % are inside variance per
scripts/bench.escript's own NOTE). A useful comparison needs a
baseline-collection strategy that filters noise (multi-sample on
both sides, distribution stats, alerting only on shifts well outside
variance). Eyeball-from-summary covers the v1 use case.
Scope: medium. The parser, distribution stats, baseline storage, and
presentation are the bulk; the artifact upload already ships.
Extend the erlang_quic h3 comparison past the small-response scenarios
What: bench_erlang_quic_server serves the GET-side h3 scenarios (hello,
json, large_response, headers_heavy, head_method, cookies_heavy) as the
erlang_quic comparison target, but two gaps remain. large_response does not
yield a usable number: the dep server stalls mid-download (CPU ~300%, err=50 at
the deadline) because the native loadgen (roadrunner_quic_test_conn) sustains
downloads from roadrunner's own server but not from the dep, so it needs to grant
per-stream MAX_STREAM_DATA, not just connection-level MAX_DATA. echo and
multi_request_body are filtered out (a preflight drops erlang_quic for them):
the dep's 5-arg handler exposes no POST body, so echoing one needs the dep's
set_stream_handler body-receive path.
Why deferred: the five small-response scenarios compare cleanly, and the dep
is bench-only tooling on its way out; the bulk-transfer and upload comparisons
are the remaining gaps.
Scope: small for large_response (loadgen per-stream credit grant),
small-medium for the POST scenarios (dep body-receive wiring).
Strict grammars for Set-Cookie attributes
What: roadrunner_cookie:serialize/3 validates the cookie
Name and Value against RFC 6265 §4.1.1 (and rejects header-injection
bytes in Domain, Path, Expires), but it does not enforce the full
attribute grammars — e.g. Domain is not checked against RFC 1035 §3.5
hostname rules, Expires is not parsed as IMF-fixdate, Path accepts
any non-CTL non-; byte (RFC 6265 §4.1.1 allows that, but stricter
checks could catch caller bugs earlier).
Why deferred: the present check covers the header-injection /
attribute-smuggling surface (the cowlib CVE-2026-43969 class). Strict
grammar enforcement is callers-write-bugs ergonomics, not security.
Scope: small per attribute. Add when a real caller hits the gap.
Anchor the manual-mode body rate window at the first body byte — small
What: make_recv/3 (roadrunner_conn.erl) captures its rate-window start at
closure creation (read_body_phase/3), so in manual body-buffering mode a handler
that delays before calling roadrunner_req:read_body/1,2 has its think-time counted
toward the body's minimum-byte-rate average. Auto mode has no gap (it reads the
body synchronously right after the closure is built), the request-read phase
already anchors at the first byte, and a manual-mode request expecting
100-continue anchors at the 100, which its first read sends.
Why deferred: bounded today by the request_timeout Deadline threaded into the
same closure (it fires first), and the residual is a narrow self-inflicted case
(manual mode + a slow handler + a configured min_bytes_per_second + a small body).
Anchoring at the first body recv would also slightly weaken Slowloris protection for
a client that stalls between headers-done and body-start, so it is defensible as-is.
Revisit only if a real workload reports false slow_client drops.
Scope: small.
Per-route framework knobs the map shape unlocks
The map-shape route entry (#{path => ..., handler => ..., state => ..., middlewares => [...]}) is intentionally extensible — new
top-level keys add new per-route capabilities without breaking
existing routes. None of the below is wired up yet; the map shape
is ready when one of these has a real caller behind it.
Per-route name => atom() for events / reverse routing — small
What: Let a route declare a stable name (e.g. name => users_show) and surface it to the event handler on request_start
plus expose a
roadrunner_router:url_for/2,3 for reverse-resolving the name back
to a path.
Why deferred: no event handler asking for it today.
(listener_name, method, path) is already enough to identify a
route in dashboards; named lookup is a niceness, not a need.
Nested route groups with shared prefix + middlewares — medium
What: Phoenix-style scope / pipeline:
[#{prefix => ~"/api", middlewares => [auth_mw], routes => [
    #{path => ~"/users/:id", handler => users_show},
    #{path => ~"/posts/:id", handler => posts_show}
 ]}]
The framework flattens these at compile time into the plain route
list compile/2 takes, concatenating the prefix and prepending the
group's middlewares to each leaf route.
Why deferred: the flat list is fine until the route table has
shared per-section middlewares (auth, rate limit, body-limit
overrides) duplicated across many entries. Add when a real codebase
shows that duplication.
Deferred to the application layer
Capabilities that are real, but sit above the HTTP server core: in
whatever application, framework, or library runs on top of roadrunner.
That could be a framework (Arizona is one), a third-party library, or the
service's own code. Roadrunner deliberately stops at the HTTP layer and
hands these up. It supplies the mechanism, an ordered middleware slot,
immutable request and response values, and events through a
roadrunner_event_handler; the layer
above supplies the policy and the ergonomics. Listed so the boundary is
explicit.
	Identity, authorization, and sessions. Token validation, session
cookies, and single sign-on (OIDC and the like) are application trust
policy. Roadrunner exposes the request (headers, cookies) and the
connection; a middleware above decides who a caller is and what they
may do.
	API description and input validation. Generated schemas and docs
(OpenAPI and friends) and parse-and-validate-into-typed-values are
bound to the application's own routes and data shapes, which roadrunner
never sees; it dispatches opaque handlers.
	Application protocols layered on HTTP. RPC, GraphQL, and agent/tool
surfaces (MCP and similar) are an application concern; the layer above
mounts them on ordinary roadrunner routes, no extra listener.
	Outbound requests. A client (pooling, retries, circuit breaking,
load balancing) is not a server concern; it belongs with the
application's integrations.
	Observability backends. Roadrunner hands its events to one
configured roadrunner_event_handler and drops them by default;
turning them into telemetry events, traces, or metrics for a chosen
backend (OpenTelemetry, Prometheus, and the like) is a handler the
layer above provides.
	Per-identity quotas and policy. The application half of rate
limiting: who gets how much, keyed by authenticated identity.
Roadrunner keeps the connection-level abuse guard; the layer above owns
user-level quotas.
	Service lifecycle endpoints. Readiness and health checks
(dependencies reachable, warm-up complete) are application-defined, a
single route handler above the server.

Out of scope
These are deliberately out of scope, not "deferred":
	HTTP/2 server push (RFC 9113 §8.4). Chrome 106 removed support;
the feature is effectively dead. We have no plans to ship it.
	HTTP/2 priority (RFC 9218 / deprecated RFC 7540 priority
scheme). Roadrunner serves streams round-robin. Real users tune
via application logic, not h2 priorities.
	Hard-restart of in-flight conns. roadrunner_listener:drain/2
is the supported lifecycle primitive; there's no plan for a
forced-cancel. Slot tracking handles cleanup.
	Reverse-proxy / gateway stacks (HttpArena gateway-64,
gateway-h3, production-stack). nginx / caddy / envoy in front of
the framework is bench-app docker-compose work, not a roadrunner gap.
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See the Releases page.
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    Apache License

Version 2.0, January 2004
http://www.apache.org/licenses/
TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
1. Definitions
"License" shall mean the terms and conditions for use, reproduction, and
distribution as defined by Sections 1 through 9 of this document.
"Licensor" shall mean the copyright owner or entity authorized by the copyright
owner that is granting the License.
"Legal Entity" shall mean the union of the acting entity and all other entities
that control, are controlled by, or are under common control with that entity.
For the purposes of this definition, "control" means (i) the power, direct or
indirect, to cause the direction or management of such entity, whether by
contract or otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.
"You" (or "Your") shall mean an individual or Legal Entity exercising
permissions granted by this License.
"Source" form shall mean the preferred form for making modifications, including
but not limited to software source code, documentation source, and configuration
files.
"Object" form shall mean any form resulting from mechanical transformation or
translation of a Source form, including but not limited to compiled object code,
generated documentation, and conversions to other media types.
"Work" shall mean the work of authorship, whether in Source or Object form, made
available under the License, as indicated by a copyright notice that is included
in or attached to the work (an example is provided in the Appendix below).
"Derivative Works" shall mean any work, whether in Source or Object form, that
is based on (or derived from) the Work and for which the editorial revisions,
annotations, elaborations, or other modifications represent, as a whole, an
original work of authorship. For the purposes of this License, Derivative Works
shall not include works that remain separable from, or merely link (or bind by
name) to the interfaces of, the Work and Derivative Works thereof.
"Contribution" shall mean any work of authorship, including the original version
of the Work and any modifications or additions to that Work or Derivative Works
thereof, that is intentionally submitted to Licensor for inclusion in the Work
by the copyright owner or by an individual or Legal Entity authorized to submit
on behalf of the copyright owner. For the purposes of this definition,
"submitted" means any form of electronic, verbal, or written communication sent
to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems, and
issue tracking systems that are managed by, or on behalf of, the Licensor for
the purpose of discussing and improving the Work, but excluding communication
that is conspicuously marked or otherwise designated in writing by the copyright
owner as "Not a Contribution."
"Contributor" shall mean Licensor and any individual or Legal Entity on behalf
of whom a Contribution has been received by Licensor and subsequently
incorporated within the Work.
2. Grant of Copyright License
Subject to the terms and conditions of this License, each Contributor hereby
grants to You a perpetual, worldwide, non-exclusive, no-charge, royalty-free,
irrevocable copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the Work and such
Derivative Works in Source or Object form.
3. Grant of Patent License
Subject to the terms and conditions of this License, each Contributor hereby
grants to You a perpetual, worldwide, non-exclusive, no-charge, royalty-free,
irrevocable (except as stated in this section) patent license to make, have
made, use, offer to sell, sell, import, and otherwise transfer the Work, where
such license applies only to those patent claims licensable by such Contributor
that are necessarily infringed by their Contribution(s) alone or by combination
of their Contribution(s) with the Work to which such Contribution(s) was
submitted. If You institute patent litigation against any entity (including a
cross-claim or counterclaim in a lawsuit) alleging that the Work or a
Contribution incorporated within the Work constitutes direct or contributory
patent infringement, then any patent licenses granted to You under this License
for that Work shall terminate as of the date such litigation is filed.
4. Redistribution
You may reproduce and distribute copies of the Work or Derivative Works thereof
in any medium, with or without modifications, and in Source or Object form,
provided that You meet the following conditions:
	You must give any other recipients of the Work or Derivative Works a copy of
this License; and

	You must cause any modified files to carry prominent notices stating that
You changed the files; and

	You must retain, in the Source form of any Derivative Works that You
distribute, all copyright, patent, trademark, and attribution notices from
the Source form of the Work, excluding those notices that do not pertain to
any part of the Derivative Works; and

	If the Work includes a "NOTICE" text file as part of its distribution, then
any Derivative Works that You distribute must include a readable copy of the
attribution notices contained within such NOTICE file, excluding those
notices that do not pertain to any part of the Derivative Works, in at least
one of the following places: within a NOTICE text file distributed as part
of the Derivative Works; within the Source form or documentation, if
provided along with the Derivative Works; or, within a display generated by
the Derivative Works, if and wherever such third-party notices normally
appear. The contents of the NOTICE file are for informational purposes only
and do not modify the License. You may add Your own attribution notices
within Derivative Works that You distribute, alongside or as an addendum to
the NOTICE text from the Work, provided that such additional attribution
notices cannot be construed as modifying the License.


You may add Your own copyright statement to Your modifications and may provide
additional or different license terms and conditions for use, reproduction, or
distribution of Your modifications, or for any such Derivative Works as a whole,
provided Your use, reproduction, and distribution of the Work otherwise complies
with the conditions stated in this License.
5. Submission of Contributions
Unless You explicitly state otherwise, any Contribution intentionally submitted
for inclusion in the Work by You to the Licensor shall be under the terms and
conditions of this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify the terms of
any separate license agreement you may have executed with Licensor regarding
such Contributions.
6. Trademarks
This License does not grant permission to use the trade names, trademarks,
service marks, or product names of the Licensor, except as required for
reasonable and customary use in describing the origin of the Work and
reproducing the content of the NOTICE file.
7. Disclaimer of Warranty
Unless required by applicable law or agreed to in writing, Licensor provides the
Work (and each Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied,
including, without limitation, any warranties or conditions of TITLE, NON-
INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A PARTICULAR PURPOSE. You are
solely responsible for determining the appropriateness of using or
redistributing the Work and assume any risks associated with Your exercise of
permissions under this License.
8. Limitation of Liability
In no event and under no legal theory, whether in tort (including negligence),
contract, or otherwise, unless required by applicable law (such as deliberate
and grossly negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special, incidental,
or consequential damages of any character arising as a result of this License or
out of the use or inability to use the Work (including but not limited to
damages for loss of goodwill, work stoppage, computer failure or malfunction, or
any and all other commercial damages or losses), even if such Contributor has
been advised of the possibility of such damages.
9. Accepting Warranty or Additional Liability
While redistributing the Work or Derivative Works thereof, You may choose to
offer, and charge a fee for, acceptance of support, warranty, indemnity, or
other liability obligations and/or rights consistent with this License. However,
in accepting such obligations, You may act only on Your own behalf and on Your
sole responsibility, not on behalf of any other Contributor, and only if You
agree to indemnify, defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason of your
accepting any such warranty or additional liability.
END OF TERMS AND CONDITIONS
Copyright 2026, William Fank Thomé contact@williamthome.dev.
Licensed under the Apache License, Version 2.0 (the "License");
you may not use this file except in compliance with the License.
You may obtain a copy of the License at
http://www.apache.org/licenses/LICENSE-2.0
Unless required by applicable law or agreed to in writing, software
distributed under the License is distributed on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
See the License for the specific language governing permissions and
limitations under the License.
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Public API for the roadrunner HTTP server.
Listeners are supervised by roadrunner_sup: starting a listener adds a
roadrunner_listener child, stopping one terminates and forgets it. The
roadrunner application must be running (typically via
application:ensure_all_started(roadrunner)).
Configure listeners via the roadrunner_listener:opts/0 map; see
that type for the full set of available keys, defaults, and tuning
rationale.

      


      
        Summary


  
    Functions
  


    
      
        acknowledge_drain(Req)

      


        Emit the drain_acknowledged event for the current request, signalling
to the roadrunner_event_handler that a long-running handler
({loop, ...} or WebSocket) has observed and is honoring an in-flight
roadrunner_listener:drain/2 broadcast. Handlers should call this from their handle_info/3 (loop)
or handle_frame/2 (websocket) when they pattern-match on
{roadrunner_drain, _} and decide to wind down.



    


    
      
        acknowledge_drain(Req, Deadline)

      


        Same as acknowledge_drain/1 but threads the drain Deadline
(in milliseconds, the second element of the {roadrunner_drain, Deadline}
message a handler received) into the event so the event handler
can compute Deadline - erlang:monotonic_time(millisecond) for the
remaining grace period.



    


    
      
        listeners()

      


        Return the names of the running listeners. A listener stopped by
roadrunner_listener:drain/2 is not included.



    


    
      
        start_listener(Name, Opts)

      


        Start a listener as a supervised child of the roadrunner application.



    


    
      
        stop_listener(Name)

      


        Stop a previously started listener and remove it from the supervision tree.



    





      


      
        Functions


        


  
    
      
    
    
      acknowledge_drain(Req)



        
          
        

    

  


  

      

          -spec acknowledge_drain(roadrunner_req:request()) -> ok.


      


Emit the drain_acknowledged event for the current request, signalling
to the roadrunner_event_handler that a long-running handler
({loop, ...} or WebSocket) has observed and is honoring an in-flight
roadrunner_listener:drain/2 broadcast. Handlers should call this from their handle_info/3 (loop)
or handle_frame/2 (websocket) when they pattern-match on
{roadrunner_drain, _} and decide to wind down.
Req is the request map the handler received. Returns ok. Calling
this when no drain is in flight is harmless (the event handler sees a
stray event), but the documented usage is post-drain-receipt.
For SREs computing "how much grace did the handler use," see
acknowledge_drain/2 which threads the Deadline from the
{roadrunner_drain, Deadline} message into the event.

  



  
    
      
    
    
      acknowledge_drain(Req, Deadline)



        
          
        

    

  


  

      

          -spec acknowledge_drain(roadrunner_req:request(), integer()) -> ok.


      


Same as acknowledge_drain/1 but threads the drain Deadline
(in milliseconds, the second element of the {roadrunner_drain, Deadline}
message a handler received) into the event so the event handler
can compute Deadline - erlang:monotonic_time(millisecond) for the
remaining grace period.

  



  
    
      
    
    
      listeners()



        
          
        

    

  


  

      

          -spec listeners() -> [atom()].


      


Return the names of the running listeners. A listener stopped by
roadrunner_listener:drain/2 is not included.
Order matches supervisor:which_children/1 — typically reverse
start-order. The roadrunner application must be running.

  



  
    
      
    
    
      start_listener(Name, Opts)



        
          
        

    

  


  

      

          -spec start_listener(Name :: atom(), roadrunner_listener:opts()) -> {ok, pid()} | {error, term()}.


      


Start a listener as a supervised child of the roadrunner application.
Name becomes the listener's registered atom; pass the same name to
stop_listener/1 later. Returns {ok, Pid} on success or {error, _}
if a child with the same name already exists or the listen socket
cannot be opened.
Opts is a roadrunner_listener:opts/0 map — see that type for
the full set of keys, per-key defaults, and tuning rationale.
The supervisor restarts a listener that crashes. A listener stopped by
roadrunner_listener:drain/2 stays down; calling start_listener/2
again with the same name starts it fresh.

  



  
    
      
    
    
      stop_listener(Name)



        
          
        

    

  


  

      

          -spec stop_listener(Name :: atom()) -> ok | {error, not_found}.


      


Stop a previously started listener and remove it from the supervision tree.
Returns ok on success or {error, not_found} if no listener is
registered under Name.
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roadrunner_compress 
    



      
Response compression middleware. Compresses response bodies with gzip or
deflate (RFC 9110 §8.4.1), chosen from the request's Accept-Encoding.
Add it to a listener's middlewares (or a map-form route's middlewares).
It takes no config:
roadrunner:start_listener(my_app, #{
    port => 8080,
    routes => Routes,
    middlewares => [roadrunner_compress]
}).
When a response is compressed
A buffered {Status, Headers, Body} response is compressed when all of
these hold:
	Accept-Encoding accepts gzip or deflate with a qvalue above 0
(RFC 9110 §12.5.3). When both have the same qvalue, gzip wins.
	The response has no Content-Encoding header yet.
	The body is at least 860 bytes. Below that, the compression overhead
outweighs the saving.

A compressed response gets a Content-Encoding header, and its
Content-Length is set to the compressed size.
A {stream, ...} response is compressed chunk by chunk whenever an
encoding is negotiated and it has no Content-Encoding yet, whatever its
size. Trailers pass through unchanged.
Every response without its own Content-Encoding gets
Vary: Accept-Encoding, compressed or not, so caches keep the variants
apart (RFC 9110 §12.5.5).
Not covered
	{loop, ...}, {sendfile, ...}, and {websocket, ...} responses pass
through unchanged.
	Brotli (br) is not supported.
	For static files, roadrunner_static serves precompressed .br / .gz
files instead of compressing on the fly.


      


      
        Summary


  
    Functions
  


    
      
        call(Req, Next, State)

      


    





      


      
        Functions


        


  
    
      
    
    
      call(Req, Next, State)



        
          
        

    

  


  

      

          -spec call(roadrunner_req:request(), roadrunner_middleware:next(), roadrunner_middleware:state()) ->
              roadrunner_handler:result().
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roadrunner_cookie 
    



      
HTTP cookie codec (RFC 6265).
Provides parse/1 for the request-side Cookie header and
serialize/3 for the response-side Set-Cookie header.

      


      
        Summary


  
    Types
  


    
      
        serialize_opts()

      


        Optional attributes for the Set-Cookie header per RFC 6265 §4.1.



    





  
    Functions
  


    
      
        parse/1

      


        Parse a Cookie header value into a list of {Name, Value} pairs in
the order they appear on the wire.



    


    
      
        serialize(Name, Value, Opts)

      


        Build a Set-Cookie header value as iodata.



    





      


      
        Types


        


  
    
      
    
    
      serialize_opts()



        
          
        

    

  


  

      

          -type serialize_opts() ::
          #{domain => binary(),
            path => binary(),
            max_age => non_neg_integer(),
            expires => binary(),
            secure => boolean(),
            http_only => boolean(),
            same_site => strict | lax | none}.


      


Optional attributes for the Set-Cookie header per RFC 6265 §4.1.
	domain — explicit Domain attribute. Default is the response
host (no Domain attribute emitted), which limits the cookie
to that exact host.
	path — explicit Path attribute. Default is no Path attribute,
so the browser scopes the cookie to the request path's directory
(RFC 6265 §5.1.4). Set path => ~"/" for a site-wide cookie.
	max_age — seconds until the cookie expires. 0 deletes the
cookie. Browsers prefer Max-Age over Expires when both are
present (RFC 6265 §5.3 step 3).
	expires — IMF-fixdate string for clients that ignore
Max-Age (use roadrunner_http:format_http_date/1).
	secure — restrict transmission to HTTPS.
	http_only — hide from JavaScript (document.cookie).
	same_site — cross-site request policy: strict, lax, or
none. none requires secure => true.


  


        

      

      
        Functions


        


  
    
      
    
    
      parse/1



        
          
        

    

  


  

      

          -spec parse(binary()) -> [{binary(), binary()}].


      


Parse a Cookie header value into a list of {Name, Value} pairs in
the order they appear on the wire.
OWS (SP and HTAB) around each pair is trimmed. Pairs missing = or
with an empty name are silently skipped (cowboy parity); empty values
are accepted. Only the first = in a pair separates name from value,
so a cookie like sid=a=b=c parses as a single pair with value a=b=c.

  



  
    
      
    
    
      serialize(Name, Value, Opts)



        
          
        

    

  


  

      

          -spec serialize(Name :: binary(), Value :: binary(), serialize_opts()) -> iodata().


      


Build a Set-Cookie header value as iodata.
Attributes are appended in this fixed order: Domain, Path,
Max-Age, Expires, Secure, HttpOnly, SameSite. Boolean flags
(secure, http_only) appear only when set to true; setting them
to false is equivalent to omitting them. same_site accepts
strict, lax, or none.
Each user-supplied binary is validated against the RFC 6265 §4.1.1
grammar before any iodata is produced; on a violation the call crashes
with one of:
	{invalid_cookie_name, Bin} — Name is empty or has a byte outside
RFC 7230 §3.2.6 token
	{invalid_cookie_value, Bin} — Value has a byte outside
cookie-octet (CTL, SP, DQUOTE, ,, ;, \\)
	{invalid_cookie_attr, AttrName, Bin} — Domain, Path, or
Expires contains a CTL or ; (the bytes that would let a
malicious caller smuggle attributes or split the header line)

Crashing matches the discipline applied elsewhere in the framework:
a programmer bug echoing user input into a cookie turns into a 500, not
a wire-level vulnerability.
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Cross-Origin Resource Sharing (CORS) middleware.
Answers the browser's preflight OPTIONS request and decorates cross-origin
responses with the right Access-Control-* headers, driven by a per-instance
policy. Deny-by-default: a request whose Origin is not allowed gets no
Access-Control-Allow-Origin, so the browser blocks it.
Wire it with its config (there is no useful bare form, origins is required):
middlewares => [
    {roadrunner_cors, #{
        origins => [~"https://app.example.com"],
        methods => [~"GET", ~"POST"],
        credentials => true
    }}
]
Config
	Key	Default	Meaning
	origins	(required)	[binary()] allowlist, fun((binary()) -> boolean()) predicate, or any
	methods	[~"GET", ~"HEAD", ~"POST"]	methods echoed in a preflight's Access-Control-Allow-Methods
	headers	[]	[binary()] echoed in Access-Control-Allow-Headers, or reflect to mirror the request's Access-Control-Request-Headers
	expose	[]	[binary()] for Access-Control-Expose-Headers
	credentials	false	when true, emit Access-Control-Allow-Credentials: true
	max_age	(omitted)	preflight cache lifetime in seconds (Access-Control-Max-Age)

The policy is validated and compiled once when the listener starts (and on
reload_routes/2), so a bad value crashes at startup with
{invalid_cors_opt, Key, Value} rather than failing silently on a request.
Behaviour
	No Origin header: not a CORS request, passed through untouched.
	Preflight (OPTIONS with Access-Control-Request-Method): short-circuited
with a 204 carrying the Access-Control-* set, without calling the handler.
	Simple / actual request: the handler runs, then Access-Control-Allow-Origin
(plus credentials / exposed headers when configured) is added to its response.

Vary: Origin is added to every CORS response, allowed or not, so a shared
cache never serves one origin's response to another; an existing Vary (e.g.
Accept-Encoding from roadrunner_compress) is appended to rather than
replaced.
Credentials and the wildcard
With credentials => true the response echoes the concrete request Origin
rather than *, because a browser rejects Access-Control-Allow-Origin: *
together with Access-Control-Allow-Credentials: true. origins => any
without credentials emits the literal *.

      


      
        Summary


  
    Types
  


    
      
        config()

      


    


    
      
        origins()

      


    


    
      
        state()

      


        The compiled policy produced by init/1 and consumed by call/3.



    





  
    Functions
  


    
      
        call/3

      


    


    
      
        init(Config)
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      config()



        
          
        

    

  


  

      

          -type config() ::
          #{origins := origins(),
            methods => [binary()],
            headers => [binary()] | reflect,
            expose => [binary()],
            credentials => boolean(),
            max_age => non_neg_integer()}.


      



  



  
    
      
    
    
      origins()



        
          
        

    

  


  

      

          -type origins() :: any | [binary()] | fun((binary()) -> boolean()).


      



  



  
    
      
    
    
      state()



        
          
        

    

  


  

      

          -type state() ::
          #cors{origins :: origins(),
                credentials :: boolean(),
                reflect_headers :: boolean(),
                preflight_static :: roadrunner_http:headers(),
                actual_static :: roadrunner_http:headers()}.


      


The compiled policy produced by init/1 and consumed by call/3.

  


        

      

      
        Functions


        


  
    
      
    
    
      call/3



        
          
        

    

  


  

      

          -spec call(roadrunner_req:request(), roadrunner_middleware:next(), state()) ->
              roadrunner_handler:result().


      



  



  
    
      
    
    
      init(Config)



        
          
        

    

  


  

      

          -spec init(config()) -> state().
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Conditional request middleware for dynamic responses (RFC 9110 §13.1.2).
For a GET or HEAD answered with a buffered 200, it derives a weak
ETag from the response body (or keeps one the handler already set) and
answers a matching If-None-Match with a bodyless 304 Not Modified, so a
client that revalidates doesn't download the body again.
Add it to a listener's middlewares (or a map-form route's
middlewares). It takes no config:
roadrunner:start_listener(my_api, #{
    port => 8080,
    routes => Routes,
    middlewares => [roadrunner_compress, roadrunner_etag]
}).
List it after roadrunner_compress, as above. The first entry runs
outermost, so roadrunner_etag then sees the uncompressed body, and a
304 skips the compression work.
Weak validators
The ETag is weak (W/"...") because a later step may re-encode the body,
for example roadrunner_compress gzipping it, so the bytes on the wire are
not guaranteed to stay identical. If-None-Match uses weak comparison
(RFC 9110 §8.8.3.2): the W/ prefix is ignored on either side, so a client
that echoes the tag in either form still revalidates. * matches any
current representation.
Scope
Only a buffered 200 for GET or HEAD is handled. Other statuses and
methods, and {stream, ...}, {loop, ...}, {sendfile, ...}, and
{websocket, ...} responses, pass through unchanged. Computing the ETag
reads the whole body once per response, so use it on read-heavy endpoints
where skipping the body on revalidation is worth the hash.
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        call(Req, Next, State)
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          -spec call(roadrunner_req:request(), roadrunner_middleware:next(), roadrunner_middleware:state()) ->
              roadrunner_handler:result().
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roadrunner_event_handler behaviour
    



      
Behaviour for an event handler: the module roadrunner hands its
request, connection, and WebSocket events to.
Roadrunner has no telemetry dependency. Every event goes to one
handle_event/2 callback on the configured handler, which decides
what to do with it: forward it to the telemetry library, record
Prometheus metrics, open OpenTelemetry spans, or drop it. The default
handler, roadrunner_event_noop, drops everything.
Pick a handler with the event_handler application env, read once
when the roadrunner application starts:
%% sys.config
[{roadrunner, [{event_handler, my_handler}]}].
The application refuses to start if the module does not export
handle_event/2.
Raw arguments
Each event passes the values roadrunner already holds, rather than
prebuilt measurement and metadata maps: a lone value as is
(request_start gets the request), several as a tuple. A handler builds
only what it uses, and the default handler builds nothing, so an
unobserved event costs one persistent_term read and one call.
Time is not measured for the handler: read erlang:monotonic_time/0
in a start event and keep it in the span to compute a duration later.
Spans
Three events open a span: request_start, listener_accept, and
ws_upgrade. Whatever handle_event/2 returns for them is opaque to
roadrunner and is handed back as the first element of the events that
follow:
	request_start -> request_stop or request_exception, in the
same process
	listener_accept -> listener_conn_close, in the same process
	ws_upgrade -> ws_frame_in, ws_frame_out, and
ws_frame_rejected, in the WebSocket session process

The return value of every other event is ignored.
Keep a span small: copy out the fields you need rather than holding
the whole request. The request span lives as long as the request, and
for a WebSocket upgrade the connection process hibernates holding it
for the whole session, so a span that keeps the request keeps its
headers and body alive too.
How a handler runs
handle_event/2 runs synchronously in the process that emits the
event: a connection, a stream worker, a WebSocket session, or an
acceptor. A slow handler slows the traffic it observes; hand heavy
work to another process.
A handler that raises does not take the connection down. Roadrunner
logs the crash once and replaces the handler with
roadrunner_event_noop for the rest of the node's life, so a broken
handler cannot fail again on every request. Fix it and restart the
roadrunner application to put it back.
There is one handler per node, set when the application starts.
Changing event_handler afterwards has no effect, and a listener run
without starting the roadrunner application uses the default. To
tell listeners apart, match on the listener name the events carry.
Events
	request_start, Req: a request's headers are parsed and its
request_id assigned, before the middleware and handler pipeline
runs. Returns the request span.
	request_stop, {Span, Status, Kind}: the handler's response was
written to the wire, or queued for the connection to write. For
stream, loop, and websocket responses, after the initial
dispatch returns. Status is 101 for a WebSocket upgrade. Kind
is buffered | stream | loop | sendfile | websocket.
	request_exception, {Span, Class, Reason, Stacktrace}: the
pipeline raised. Class is error | exit | throw, and Stacktrace
is where it raised, as caught by catch Class:Reason:Stacktrace.
The connection then answers 500.
	request_rejected, {ListenerName, Peer, Reason}: a request was
dropped by the parser or a limit before any handler ran (malformed
request line, header injection, header count or size limits,
oversized Content-Length, and similar). Reason is the parser's
error.
	request_throttled, {ListenerName, Reason}: a request was
refused at a listener limit before any handler ran. Reason is
max_concurrent_requests (a request over the in-flight ceiling: an
HTTP/2 or HTTP/3 stream reset as retry-safe, or answered 503 on any
protocol when overload_mode is shed) or rate_limit (a peer over
its rate_limit, answered 429).
	response_send_failed, {Phase, Reason}: a response write failed
after the status line was already going out, so the connection is
about to close. Phase is buffered_response,
stream_response_head, loop_response_head,
sendfile_response_head, sendfile_body, or
websocket_upgrade_response. The connection's logger process
metadata (request_id, peer, method, path) is set in the
calling process.
	listener_accept, {ListenerName, Peer}: a connection's peer is
known and it is about to be served. Returns the connection span.
	listener_conn_close, {Span, RequestsServed, Reason}: the
connection process is about to exit. RequestsServed counts the
requests parsed on it (0 on HTTP/2 and HTTP/3). Reason says why
it ended, see close_reason/0.
	listener_conn_rejected, {ListenerName, Reason}: a freshly
accepted connection was dropped at the max_clients cap. Reason
is max_clients. There is no peer: the reject path is the floodable
one, so it skips the peername lookup.
	listener_accept_error, {ListenerName, Reason}: an acceptor's
accept/1 failed with anything other than the listen socket closing
(econnaborted, or emfile/enfile/system_limit descriptor
exhaustion, usually max_clients above ulimit -n), a TLS
handshake failed ({handshake, HsReason}), or a proxy_protocol
listener could not read the PROXY header ({proxy_protocol, PReason}).
	slots_reconciled, {ListenerName, Released, CounterWas, LiveConnsBounded}: the slot reaper released Released orphan slots
that a killed connection left behind. CounterWas is the slot count
before, LiveConnsBounded the live connections found, counted up to
CounterWas.
	drain_acknowledged, {Req, Deadline}: a long-running handler
(loop or WebSocket) called roadrunner:acknowledge_drain/1,2 to
say it is winding down for a drain. Deadline is the drain deadline
in milliseconds, or undefined from acknowledge_drain/1.
	ws_upgrade, {ListenerName, Peer, RequestId, Module}: a WebSocket
session validated its handler Module and the 101 is about to be
written. Returns the WebSocket span.
	ws_frame_in, {Span, Opcode, PayloadSize}: a frame was parsed
from the client, including the control frames the session handles
itself. Opcode is text | binary | continuation | close | ping | pong.
	ws_frame_out, {Span, Opcode, PayloadSize}: a frame was queued
for the client: handler replies, automatic pongs, and the closing
frame. A batched reply gives one event per frame.
	ws_frame_rejected, {Span, Reason, Size}: the session is closing
with 1009 because an inbound frame or message passed a size cap.
Reason is max_frame_size | max_message_size, Size the
offending byte count.

Stability
An event's name and the shape of its arguments are its contract: a
handler matches the whole tuple, so a new argument would silently stop
an existing clause from matching. New data therefore ships as a new
event, never as an extra element on an existing one.
These events are stable: their name and arguments will not change
without a major version bump.
	request_start and request_stop
	ws_upgrade and ws_frame_out

Every other event is unstable: it may change in any minor release,
called out in the release notes. A handler that depends on one should
pin a roadrunner version.
Roadrunner may add events in any release, so end handle_event/2 with
a catch-all clause.
Example
A handler that logs slow requests and ignores the rest:
-module(slow_requests).
-behaviour(roadrunner_event_handler).
-export([handle_event/2]).

handle_event(request_start, Req) ->
    {erlang:monotonic_time(), roadrunner_req:path(Req)};
handle_event(request_stop, {{Start, Path}, Status, _Kind}) ->
    Ms = erlang:convert_time_unit(erlang:monotonic_time() - Start, native, millisecond),
    case Ms > 500 of
        true -> logger:warning("slow ~s -> ~p (~p ms)", [Path, Status, Ms]);
        false -> ok
    end;
handle_event(_Event, _Args) ->
    ok.

      


      
        Summary


  
    Types
  


    
      
        close_reason()

      


        Why a connection ended, as carried by listener_conn_close.



    


    
      
        event()

      


        The name of an event handed to handle_event/2.



    


    
      
        peer()

      


        A connection's peer address, undefined when it could not be read.



    


    
      
        response_kind()

      


        The shape of the response a request was answered with.



    


    
      
        span()

      


        What a handler returns from request_start, listener_accept, or
ws_upgrade; handed back unchanged on the events that follow.



    





  
    Callbacks
  


    
      
        handle_event/2

      


        Handle one event. The return value is the span for request_start,
listener_accept, and ws_upgrade, and is ignored for every other
event. See the module documentation for each event's arguments.
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          -type close_reason() ::
          normal | peer_closed | request_timeout | keep_alive_timeout | slow_client | drained |
          rejected |
          {protocol_error, atom() | non_neg_integer()} |
          {transport, term()}.


      


Why a connection ended, as carried by listener_conn_close.
	normal: roadrunner closed it after a response: Connection: close,
max_keep_alive_requests reached, a stream, loop, sendfile
body or WebSocket session that owns the connection finished, or a
404, 405 or 500 that closes it
	peer_closed: the client closed it (on HTTP/2, also a client
GOAWAY)
	request_timeout: no complete request within request_timeout
(on HTTP/2, the client preface and SETTINGS did not arrive in time)
	keep_alive_timeout: idle between requests past keep_alive_timeout
(on HTTP/2 and HTTP/3, the connection's idle timeout)
	slow_client: the client sent slower than min_bytes_per_second
	drained: closed by roadrunner_listener:drain/2
	rejected: an HTTP/1.1 request was refused before its handler ran
(malformed, over a size limit, or over its rate_limit) and the
connection closed with the error response
	{protocol_error, Code}: an HTTP/2 or HTTP/3 connection error,
closed with Code (the GOAWAY error atom on HTTP/2, the HTTP/3
error code integer)
	{transport, Reason}: the socket failed, with the transport's own
reason (a TLS alert, a reset, a QUIC close)
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          -type event() ::
          request_start | request_stop | request_exception | request_rejected | request_throttled |
          response_send_failed | listener_accept | listener_conn_close | listener_conn_rejected |
          listener_accept_error | slots_reconciled | drain_acknowledged | ws_upgrade | ws_frame_in |
          ws_frame_out | ws_frame_rejected.


      


The name of an event handed to handle_event/2.
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          -type peer() :: {inet:ip_address(), inet:port_number()} | undefined.


      


A connection's peer address, undefined when it could not be read.

  



  
    
      
    
    
      response_kind()



        
          
        

    

  


  

      

          -type response_kind() :: buffered | stream | loop | sendfile | websocket.


      


The shape of the response a request was answered with.

  



  
    
      
    
    
      span()



        
          
        

    

  


  

      

          -type span() :: term().


      


What a handler returns from request_start, listener_accept, or
ws_upgrade; handed back unchanged on the events that follow.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      handle_event/2



        
          
        

    

  


  

      

          -callback handle_event(request_start, roadrunner_req:request()) -> span();
                      (request_stop, {span(), roadrunner_http:status(), response_kind()}) -> term();
                      (request_exception, {span(), error | exit | throw, term(), erlang:stacktrace()}) ->
                          term();
                      (request_rejected, {atom(), peer(), term()}) -> term();
                      (request_throttled, {atom(), max_concurrent_requests | rate_limit}) -> term();
                      (response_send_failed, {atom(), term()}) -> term();
                      (listener_accept, {atom(), peer()}) -> span();
                      (listener_conn_close, {span(), non_neg_integer(), close_reason()}) -> term();
                      (listener_conn_rejected, {atom(), max_clients}) -> term();
                      (listener_accept_error, {atom(), term()}) -> term();
                      (slots_reconciled, {atom(), pos_integer(), non_neg_integer(), non_neg_integer()}) ->
                          term();
                      (drain_acknowledged, {roadrunner_req:request(), integer() | undefined}) -> term();
                      (ws_upgrade, {atom(), peer(), binary() | undefined, module()}) -> span();
                      (ws_frame_in, {span(), roadrunner_ws:opcode(), non_neg_integer()}) -> term();
                      (ws_frame_out, {span(), roadrunner_ws:opcode(), non_neg_integer()}) -> term();
                      (ws_frame_rejected, {span(), max_frame_size | max_message_size, non_neg_integer()}) ->
                          term().


      


Handle one event. The return value is the span for request_start,
listener_accept, and ws_upgrade, and is ignored for every other
event. See the module documentation for each event's arguments.

  


        

      


  

  
    
    roadrunner_event_noop - roadrunner v0.11.1
    
    

    


  
  

    
roadrunner_event_noop 
    



      
The default roadrunner_event_handler: drops every event.
An event costs one persistent_term read and one call to this
module; no measurement or metadata is built.

      


      
        Summary


  
    Functions
  


    
      
        handle_event(Event, Args)

      


        Drop the event.



    





      


      
        Functions


        


  
    
      
    
    
      handle_event(Event, Args)



        
          
        

    

  


  

      

          -spec handle_event(roadrunner_event_handler:event(), term()) -> ok.


      


Drop the event.

  


        

      


  

  
    
    roadrunner_handler - roadrunner v0.11.1
    
    

    


  
  

    
roadrunner_handler behaviour
    



      
Behaviour for handling parsed HTTP requests.
Implementations receive the parsed request map and return a
{Response, Req2} pair — the Response selects what the conn does
on the wire, and Req2 is the (possibly mutated) request threaded
back to the conn. Always returning Req2 lets the conn drain
unread bodies in body_buffering => manual mode, lets response
middlewares observe and rewrite, and matches cowboy's idiom of
threading Req through the entire request lifecycle.
Response is one of:
	{StatusCode, Headers, Body} — buffered response, encoded and sent
in one shot. Without a content-length or transfer-encoding
header, HTTP/1.1 adds content-length from the body (HTTP/2 and
HTTP/3 frame the body themselves).
	{stream, StatusCode, Headers, StreamFun} — chunked streaming. The
connection emits status + headers (with Transfer-Encoding: chunked
auto-prepended) and calls StreamFun(Send) where
Send(Data, nofin | fin | {fin, Trailers}) writes one chunk; fin
also writes the size-0 terminator and {fin, Trailers} writes the
terminator followed by the given trailer headers (RFC 9112 §7.1.2).
Trailer names should be advertised in the response's Trailer
header.
	{sendfile, StatusCode, Headers, {Filename, Offset, Length}} —
zero-copy file body. The connection emits status + headers
verbatim (the handler is responsible for Content-Length and
Content-Type), then dispatches file:sendfile/5 for plain TCP
(kernel-space copy) or a chunked read+send loop for TLS (where
the kernel sendfile path can't see plaintext). Used by
roadrunner_static so large assets don't get copied through the
Erlang heap.
	{loop, StatusCode, Headers, State} — message-driven streaming.
The connection emits status + headers, then enters a receive loop
in the conn process. Each Erlang message is dispatched through the
optional handle_info/3 callback, which can call Push(Data) to
emit a chunk. Returning {stop, _} writes the size-0 terminator
and closes. Useful for SSE/long-poll endpoints that subscribe to a
pubsub topic in handle/1 and forward messages to the wire.
	{websocket, Module, State} — upgrade to a roadrunner_ws_handler.
	{websocket, Module, State, Headers} — the same upgrade, with Headers
added to the 101 Switching Protocols response (e.g. a set-cookie).
The handshake's own headers (upgrade, connection,
sec-websocket-accept, sec-websocket-extensions) win: an entry
naming one of them is dropped, as is a content-length or
transfer-encoding, which a 1xx response must not carry.

If the handler did not call roadrunner_req:read_body/1,2, just thread
the original Req back. Idiomatic shape:
handle(Req) ->
    {{200, [], ~"hello"}, Req}.

handle(Req) ->
    {ok, Body, Req2} = roadrunner_req:read_body(Req),
    {{200, [], Body}, Req2}.
init_route/1: optional setup when the routes compile
A handler may implement init_route/1. It runs once per route that
names the handler, when the listener starts and again on every
roadrunner_listener:reload_routes/2, never per request. It gets the
route's state and its return becomes the state the handler reads with
roadrunner_req:state/1:
init_route(Opts) -> State.  %% once per route, when the routes compile
handle(Req) -> Result.      %% per request, roadrunner_req:state(Req) is State
Check the route's options and precompute there: a bad option then stops
the listener from starting instead of failing a request, and the work is
paid once. roadrunner_static uses it this way. It is the handler's
counterpart of a middleware's init/1; the name differs because a module
can also be a roadrunner_ws_handler, whose init/1 runs per WebSocket
session.

      


      
        Summary


  
    Types
  


    
      
        push_fun()

      


        The push callback handed to a {loop, _, _, State} handler via
handle_info/3. Each call writes one chunk to the wire.



    


    
      
        response()

      


        Handler response shape returned alongside the (mutated) request map.



    


    
      
        result()

      


        What handle/1 returns: a pair of the handler's response/0 and
the (possibly mutated) request map. Threading Req2 back lets the
conn drain unread bodies in manual-buffering mode and response
middlewares observe / rewrite.



    


    
      
        send_fun()

      


        The chunk-writing callback handed to a stream_fun/0. Each call
emits one chunk on the wire



    


    
      
        sendfile_spec()

      


        The {Filename, Offset, Length} triple for a {sendfile, _, _, _}
response. Bytes [Offset, Offset+Length) of the file are emitted
verbatim — the handler is responsible for setting Content-Length
and Content-Type headers on the response.



    


    
      
        stream_fun()

      


        The stream callback for {stream, _, _, Fun} responses. The
framework calls Fun(Send) with a send_fun/0; the fun emits
chunks via Send and returns when the stream is complete.



    





  
    Callbacks
  


    
      
        handle(Request)

      


        Invoked once per parsed request. Receives the request map and
returns a {Response, Req2} pair where Response is one of the
shapes listed in the moduledoc (buffered, stream, sendfile, loop,
websocket) and Req2 is the (possibly mutated) request map threaded
back to the framework. Always return Req2 so the conn can drain
unread bodies in manual-buffering mode and response middlewares can
observe / rewrite.



    


    
      
        handle_info(Info, Push, State)

      


        Optional, only fired for {loop, _, _, State} responses. The
framework dispatches every non-OTP Erlang message delivered to the
process running the handler (the connection on HTTP/1.1, the stream
worker on HTTP/2 and HTTP/3) through this callback. Push(Data)
writes one chunk to the wire. Return {ok, NewState} to keep
looping or {stop, NewState} to emit the size-0 terminator and
close. Handlers that don't export this callback can't use
{loop, ...} responses.



    


    
      
        init_route(State)

      


        Optional setup run when the routes compile. When the handler exports it,
the router calls it once for every route that names the handler, at
listener start and on every roadrunner_listener:reload_routes/2, never
per request. It works with every route form: the {Path, Handler} and
{Path, Handler, State} tuples, the map form, and the listener's
single-handler routes => Handler | {Handler, State} | #{handler := Handler}
forms.



    





      


      
        Types


        


  
    
      
    
    
      push_fun()



        
          
        

    

  


  

      

          -type push_fun() :: fun((iodata()) -> ok | {error, term()}).


      


The push callback handed to a {loop, _, _, State} handler via
handle_info/3. Each call writes one chunk to the wire.

  



  
    
      
    
    
      response()



        
          
        

    

  


  

      

          -type response() ::
          {StatusCode :: roadrunner_http:status(), roadrunner_http:headers(), Body :: iodata()} |
          {stream, StatusCode :: roadrunner_http:status(), roadrunner_http:headers(), stream_fun()} |
          {loop, StatusCode :: roadrunner_http:status(), roadrunner_http:headers(), State :: term()} |
          {sendfile, StatusCode :: roadrunner_http:status(), roadrunner_http:headers(), sendfile_spec()} |
          {websocket, Module :: module(), State :: term()} |
          {websocket, Module :: module(), State :: term(), roadrunner_http:headers()}.


      


Handler response shape returned alongside the (mutated) request map.
Response header names MUST be ASCII lowercase. HTTP/2 requires this on the
wire per RFC 9113 §8.1.2 (clients reject responses with uppercase names);
the HTTP/1.1 path emits names verbatim, so the requirement is uniform
across protocols. Framework helpers (roadrunner_resp:*,
roadrunner_compress, the auto-injected ~"date" header) all emit
lowercase names; handler-supplied tuples must follow suit.
Over HTTP/2 and HTTP/3, a client can tell the server the most header
bytes it will take (SETTINGS_MAX_HEADER_LIST_SIZE on HTTP/2, RFC 9113
§6.5.2, SETTINGS_MAX_FIELD_SECTION_SIZE on HTTP/3, RFC 9114 §4.2.2,
both counted as name + value + 32 per field, :status and the auto
headers such as date included), and the server keeps to it. A response
whose headers are over it is answered 500 instead, before anything is
sent, the error is logged and telemetry reports the 500. Trailers over
it come after the status is sent, so the stream is reset instead.

  



  
    
      
    
    
      result()



        
          
        

    

  


  

      

          -type result() :: {response(), roadrunner_req:request()}.


      


What handle/1 returns: a pair of the handler's response/0 and
the (possibly mutated) request map. Threading Req2 back lets the
conn drain unread bodies in manual-buffering mode and response
middlewares observe / rewrite.

  



  
    
      
    
    
      send_fun()



        
          
        

    

  


  

      

          -type send_fun() ::
          fun((iodata(), nofin | fin | {fin, roadrunner_http:headers()}) -> ok | {error, term()}).


      


The chunk-writing callback handed to a stream_fun/0. Each call
emits one chunk on the wire:
	Send(Data, nofin) — write Data and expect more.
	Send(Data, fin) — write Data then the size-0 terminator.
	Send(Data, {fin, Trailers}) — write Data, the terminator, and
serialized trailer headers (RFC 9112 §7.1.2).

Returns ok on success or {error, Reason} if the wire write
failed (peer close, kernel error, etc.).

  



  
    
      
    
    
      sendfile_spec()



        
          
        

    

  


  

      

          -type sendfile_spec() ::
          {Filename :: file:filename_all(), Offset :: non_neg_integer(), Length :: non_neg_integer()}.


      


The {Filename, Offset, Length} triple for a {sendfile, _, _, _}
response. Bytes [Offset, Offset+Length) of the file are emitted
verbatim — the handler is responsible for setting Content-Length
and Content-Type headers on the response.

  



  
    
      
    
    
      stream_fun()



        
          
        

    

  


  

      

          -type stream_fun() :: fun((send_fun()) -> any()).


      


The stream callback for {stream, _, _, Fun} responses. The
framework calls Fun(Send) with a send_fun/0; the fun emits
chunks via Send and returns when the stream is complete.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      handle(Request)



        
          
        

    

  


  

      

          -callback handle(Request :: roadrunner_req:request()) -> result().


      


Invoked once per parsed request. Receives the request map and
returns a {Response, Req2} pair where Response is one of the
shapes listed in the moduledoc (buffered, stream, sendfile, loop,
websocket) and Req2 is the (possibly mutated) request map threaded
back to the framework. Always return Req2 so the conn can drain
unread bodies in manual-buffering mode and response middlewares can
observe / rewrite.

  



  
    
      
    
    
      handle_info(Info, Push, State)


        (optional)


        
          
        

    

  


  

      

          -callback handle_info(Info :: term(), Push :: push_fun(), State :: term()) ->
                         {ok, NewState :: term()} | {stop, NewState :: term()}.


      


Optional, only fired for {loop, _, _, State} responses. The
framework dispatches every non-OTP Erlang message delivered to the
process running the handler (the connection on HTTP/1.1, the stream
worker on HTTP/2 and HTTP/3) through this callback. Push(Data)
writes one chunk to the wire. Return {ok, NewState} to keep
looping or {stop, NewState} to emit the size-0 terminator and
close. Handlers that don't export this callback can't use
{loop, ...} responses.
When the client connection goes away while the loop is still running,
the framework delivers a final {roadrunner_disconnect, Reason}
message through this callback so the handler can drop pubsub
subscriptions and stop work instead of discovering the dead socket on
its next push:
	{roadrunner_disconnect, closed} — the peer closed (or errored) the
HTTP/1 connection.
	{roadrunner_disconnect, reset} — the peer cancelled this stream
(HTTP/2 RST_STREAM, HTTP/3 RESET_STREAM).
	{roadrunner_disconnect, conn_down} — the owning connection process
died (HTTP/2 / HTTP/3).

It is delivered at most once, the loop then ends regardless of the
return value (the wire is gone, so no terminator is written). A handler
that does not match it explicitly falls through to its catch-all clause;
the loop still ends.
When the listener drains (roadrunner_listener:drain/2 or
notify_drain/2), the handler gets {roadrunner_drain, Deadline}
through this callback on every protocol, so a long-lived loop (an SSE
stream, say) can finish on its own terms, for example by pushing a last
event and returning {stop, NewState}, before the deadline closes it.
Deadline is in erlang:monotonic_time(millisecond) units. On HTTP/2
and HTTP/3 it arrives once per connection, even when the listener
broadcasts again; on HTTP/1.1 each broadcast reaches the handler. A
handler that ignores it keeps running until the deadline.

  



  
    
      
    
    
      init_route(State)


        (optional)


        
          
        

    

  


  

      

          -callback init_route(State :: term()) -> NewState :: term().


      


Optional setup run when the routes compile. When the handler exports it,
the router calls it once for every route that names the handler, at
listener start and on every roadrunner_listener:reload_routes/2, never
per request. It works with every route form: the {Path, Handler} and
{Path, Handler, State} tuples, the map form, and the listener's
single-handler routes => Handler | {Handler, State} | #{handler := Handler}
forms.
State is the route's state, or undefined when the route sets none.
The return value replaces it: roadrunner_req:state/1 returns it on every
request the route answers, and roadrunner_router:match/3 reports it.
Validate options and precompute here (resolve paths, build lookup tables):
a raise stops the listener from starting. On reload_routes/2 it refuses
the reload instead: the call returns {error, {init_failed, Reason}} and
the listener keeps serving its current routes. The reason is wrapped as
{init_route_failed, Path, Handler, Reason} so the error names the route
(Path is undefined for the single-handler forms).
roadrunner_router:validate/1 does not run it, and compile/2 runs it
only once the whole table has passed validation.
A handler without init_route/1 keeps its state exactly as the route wrote
it.
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roadrunner_http 
    



      
Protocol-version-agnostic HTTP semantics shared by HTTP/1.1
(roadrunner_http1) and HTTP/2 (roadrunner_http2_*) modules.
What lives here is RFC 9110 semantics — types and helpers whose
meaning doesn't depend on wire framing — not RFC 9112 syntax.
The HTTP/1.1 wire codec (request-line / header / chunked
parsers, status-line + CRLF response encoder) stays in
roadrunner_http1. HTTP/2 frame codec + HPACK live in their
own modules.
Items here:
	Header list shape: [{binary(), binary()}].
	HTTP status codes: 100..599 and the redirect subset.
	Protocol version tuple: {Major, Minor}.
	IMF-fixdate formatter (http_date_now/0 for the current
time, format_http_date/1 for an arbitrary posix timestamp)
for the Date response header per RFC 9110 §5.6.7 and the
Last-Modified response header used by the static handler.
	Header field-value safety (RFC 9110 §5.5): reject CR/LF/NUL in a
header name or value before it reaches the wire
(check_header_safe/2), shared by every version's response path.
	Connection-specific field stripping (RFC 9113 §8.2.2 / RFC 9114
§4.2): drop the hop-by-hop fields HTTP/2 and HTTP/3 MUST NOT
generate from a response field section
(strip_connection_specific_fields/1), or do it fused with the
field-value check in a single pass
(strip_connection_specific_fields_safe/1); HTTP/1.1 honours these
fields, so it does not strip.

roadrunner_http1 and roadrunner_req re-export the primitive
types as aliases so existing callers keep compiling unchanged.
The request map shape lives in roadrunner_req alongside the
accessors that operate on it.

      


      
        Summary


  
    Types
  


    
      
        headers()

      


    


    
      
        redirect_status()

      


    


    
      
        request_context()

      


    


    
      
        status()

      


    


    
      
        version()

      


    





  
    Functions
  


    
      
        auto_headers(Headers, AltSvc)

      


        Inject the framework's automatic response headers for an HTTP/1 or
HTTP/2 (TCP) response: Date always (RFC 9110 §6.6.1) plus Alt-Svc
advertising the listener's HTTP/3 endpoint (RFC 7838) when it co-serves
h3 on a fixed port. The caller passes the precomputed Alt-Svc value
(cached on the connection loop record), or undefined when no h3 is
co-served. HTTP/3 responses use with_date/1 directly — a client
already on h3 needs no Alt-Svc.



    


    
      
        check_header_safe(Bin, Kind)

      


        Validate that a header name or value contains no CR, LF, or NUL —
the bytes that would let an attacker who controls the value inject
new headers (or terminate the header block early). Crashes with
{header_injection, Kind, Bin} when an unsafe byte is present.



    


    
      
        format_http_date(Posix)

      


        Format a posix timestamp (seconds since epoch) as an IMF-fixdate
per RFC 9110 §5.6.7. Same shape as http_date_now/0 but for an
explicit timestamp — used by the static file handler to emit the
Last-Modified header for a file's mtime.



    


    
      
        http_date_now()

      


        Format the current UTC time as an IMF-fixdate per RFC 9110 §5.6.7
— the canonical HTTP Date header format, e.g.
Sun, 06 Nov 1994 08:49:37 GMT. Used by the dispatch layer to
auto-inject the Date response header per RFC 9110 §6.6.1.



    


    
      
        strip_connection_specific_fields(Headers)

      


        Drop connection-specific header fields from an HTTP/2 or HTTP/3
response field section. RFC 9113 §8.2.2 and RFC 9114 §4.2 forbid
generating connection, keep-alive, proxy-connection,
transfer-encoding, or upgrade over those protocols — they are
hop-by-hop fields (RFC 9110 §7.6.1) meaningful only on an HTTP/1.1
connection. A handler shared across protocols may set one (e.g.
connection: close, idiomatic on h1); stripping it on h2/h3 keeps that
handler working while staying conformant, since the framework never
puts the field on the wire. HTTP/1.1 honours these fields, so its
response path does not strip.



    


    
      
        strip_connection_specific_fields_safe/1

      


        Single-pass combination of check_header_safe/2 and
strip_connection_specific_fields/1 for the HTTP/2 and HTTP/3 trailer
paths, which crash on injection because the status is already sent: in
one traversal it rejects CR/LF/NUL in any name or value (crashing with
{header_injection, Kind, Bin}, like check_header_safe/2) and drops
the connection-specific fields h2/h3 MUST NOT generate. HTTP/2 and
HTTP/3 response headers answer 500 on injection instead of crashing, so
they run the non-crashing check and strip_connection_specific_fields/1
separately.



    


    
      
        with_date(Headers)

      


        Inject a Date response header (RFC 9110 §6.6.1) unless the handler
already set one. Shared by the HTTP/1, HTTP/2, and HTTP/3 response
paths so every response carries Date from the one cached clock
(http_date_now/0). RFC 9110 makes Date a MUST on 2xx/3xx/4xx and
a MAY on 1xx/5xx, so injecting it unconditionally is conformant.



    





      


      
        Types


        


  
    
      
    
    
      headers()



        
          
        

    

  


  

      

          -type headers() :: [{Name :: binary(), Value :: binary()}].


      



  



  
    
      
    
    
      redirect_status()



        
          
        

    

  


  

      

          -type redirect_status() :: 300..399.


      



  



  
    
      
    
    
      request_context()



        
          
        

    

  


  

      

          -type request_context() ::
          #{peer := {inet:ip_address(), inet:port_number()} | undefined,
            scheme := http | https,
            request_id := binary(),
            listener_name := atom()}.


      



  



  
    
      
    
    
      status()



        
          
        

    

  


  

      

          -type status() :: 100..599.


      



  



  
    
      
    
    
      version()



        
          
        

    

  


  

      

          -type version() :: {1, 0} | {1, 1} | {2, 0} | {3, 0}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      auto_headers(Headers, AltSvc)



        
          
        

    

  


  

      

          -spec auto_headers(headers(), binary() | undefined) -> headers().


      


Inject the framework's automatic response headers for an HTTP/1 or
HTTP/2 (TCP) response: Date always (RFC 9110 §6.6.1) plus Alt-Svc
advertising the listener's HTTP/3 endpoint (RFC 7838) when it co-serves
h3 on a fixed port. The caller passes the precomputed Alt-Svc value
(cached on the connection loop record), or undefined when no h3 is
co-served. HTTP/3 responses use with_date/1 directly — a client
already on h3 needs no Alt-Svc.

  



  
    
      
    
    
      check_header_safe(Bin, Kind)



        
          
        

    

  


  

      

          -spec check_header_safe(binary(), name | value) -> ok.


      


Validate that a header name or value contains no CR, LF, or NUL —
the bytes that would let an attacker who controls the value inject
new headers (or terminate the header block early). Crashes with
{header_injection, Kind, Bin} when an unsafe byte is present.
Public so any response path emitting a single header (e.g.
roadrunner_stream_response for chunked-response trailers) can run
the check before writing to the wire.

  



  
    
      
    
    
      format_http_date(Posix)



        
          
        

    

  


  

      

          -spec format_http_date(integer()) -> binary().


      


Format a posix timestamp (seconds since epoch) as an IMF-fixdate
per RFC 9110 §5.6.7. Same shape as http_date_now/0 but for an
explicit timestamp — used by the static file handler to emit the
Last-Modified header for a file's mtime.

  



  
    
      
    
    
      http_date_now()



        
          
        

    

  


  

      

          -spec http_date_now() -> binary().


      


Format the current UTC time as an IMF-fixdate per RFC 9110 §5.6.7
— the canonical HTTP Date header format, e.g.
Sun, 06 Nov 1994 08:49:37 GMT. Used by the dispatch layer to
auto-inject the Date response header per RFC 9110 §6.6.1.
Built from a date stamp the application refreshes once a second, so
a read is one persistent_term lookup and one 29-byte binary on the
caller's heap, the same in a long-lived HTTP/1 connection and in a
per-request HTTP/2 or HTTP/3 stream worker.
Without a running clock (code run outside the application) it formats
the system time instead, which is correct but slower.

  



  
    
      
    
    
      strip_connection_specific_fields(Headers)



        
          
        

    

  


  

      

          -spec strip_connection_specific_fields(headers()) -> headers().


      


Drop connection-specific header fields from an HTTP/2 or HTTP/3
response field section. RFC 9113 §8.2.2 and RFC 9114 §4.2 forbid
generating connection, keep-alive, proxy-connection,
transfer-encoding, or upgrade over those protocols — they are
hop-by-hop fields (RFC 9110 §7.6.1) meaningful only on an HTTP/1.1
connection. A handler shared across protocols may set one (e.g.
connection: close, idiomatic on h1); stripping it on h2/h3 keeps that
handler working while staying conformant, since the framework never
puts the field on the wire. HTTP/1.1 honours these fields, so its
response path does not strip.

  



  
    
      
    
    
      strip_connection_specific_fields_safe/1



        
          
        

    

  


  

      

          -spec strip_connection_specific_fields_safe(headers()) -> headers().


      


Single-pass combination of check_header_safe/2 and
strip_connection_specific_fields/1 for the HTTP/2 and HTTP/3 trailer
paths, which crash on injection because the status is already sent: in
one traversal it rejects CR/LF/NUL in any name or value (crashing with
{header_injection, Kind, Bin}, like check_header_safe/2) and drops
the connection-specific fields h2/h3 MUST NOT generate. HTTP/2 and
HTTP/3 response headers answer 500 on injection instead of crashing, so
they run the non-crashing check and strip_connection_specific_fields/1
separately.

  



  
    
      
    
    
      with_date(Headers)



        
          
        

    

  


  

      

          -spec with_date(headers()) -> headers().


      


Inject a Date response header (RFC 9110 §6.6.1) unless the handler
already set one. Shared by the HTTP/1, HTTP/2, and HTTP/3 response
paths so every response carries Date from the one cached clock
(http_date_now/0). RFC 9110 makes Date a MUST on 2xx/3xx/4xx and
a MAY on 1xx/5xx, so injecting it unconditionally is conformant.
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roadrunner_listener 
    



      
Listener gen_server — owns the listening socket and the acceptor pool
for one named roadrunner instance.
Plain TCP is backed by gen_tcp with the legacy inet_drv backend.
The OTP-27 {inet_backend, socket} NIF path was tried but adds
significant own-time overhead on short-lived connections via
per-socket-option lookups. TLS is backed by ssl, gated by the
tls opt.
Both paths share the same roadrunner_transport tagged-socket abstraction.
On init/1 the listener opens the listen socket, builds the shared
roadrunner_conn:proto_opts() (dispatch + body limits + timeouts +
max_clients counter), and spawn-links num_acceptors (default: one per
online scheduler, at most 10)
roadrunner_acceptor processes that pull from the same listen socket.
Connection workers are unlinked from the acceptor so a single
connection crash doesn't take the pool down.
All duration and interval values in opts() are in milliseconds —
request_timeout, keep_alive_timeout, rate_check_interval,
hibernate_after, and slot_reconciliation.interval.

      


      
        Summary


  
    Types
  


    
      
        http1_opts()

      


        HTTP/1.1 listener tunables (under {http1, ThisMap} in protocols).



    


    
      
        http2_opts()

      


        HTTP/2 listener tunables (under {http2, ThisMap} in protocols).



    


    
      
        http3_opts()

      


        HTTP/3 listener tunables (under {http3, ThisMap} in protocols).



    


    
      
        opts()

      


        Listener configuration map.



    


    
      
        protocol_entry()

      


        One protocol entry in the listener's protocols list. Either a
bare atom (http1 / http2 / http3) for default opts, or a tuple
{Proto, ProtoOpts} carrying protocol-specific tuning. HTTP/1 tunables
live under http1_opts/0, HTTP/2 under http2_opts/0, and HTTP/3
under http3_opts/0.



    


    
      
        ws_opts()

      


        WebSocket session tunables (under ws in the listener opts).



    





  
    Functions
  


    
      
        drain(Name, Timeout)

      


        Graceful shutdown. Closes the listen socket immediately so no new
connections are accepted, broadcasts {roadrunner_drain, Deadline} to
every active conn, and then polls the live-connection counter until it
hits zero or Timeout milliseconds elapse. Conns still alive at the
deadline are hard-killed via exit(Pid, shutdown).



    


    
      
        info(Name)

      


        Return runtime introspection for a listener



    


    
      
        notify_drain(Name, Deadline)

      


        Broadcast a {roadrunner_drain, Deadline} notification to every conn /
WS session in the listener's drain registry without stopping the
listener or waiting on the counter.



    


    
      
        port(Name)

      


        Return the actual TCP port the listener is bound to.



    


    
      
        register_for_drain(Name, Pid)

      


        Register Pid in the listener's drain registry so drain/2 and
notify_drain/2 reach it with {roadrunner_drain, Deadline}. The
connection processes register themselves; this is for a process that
lives outside the conn lifecycle (a long-lived worker, say) and wants
the same notification. Exits with noproc when no listener by that
name is running.



    


    
      
        reload_routes(Name, Routes)

      


        Atomically swap the listener's compiled route table without
restarting it. The new Routes are compiled via
roadrunner_router:compile/2 (with the listener's middlewares
re-baked) and published to persistent_term;
in-flight conns keep using whatever they read at request-resolve
time, but every subsequent dispatch sees the new table.



    


    
      
        start_link(Name, Opts)

      


        Start a named listener that binds the given TCP port.



    


    
      
        status(Name)

      


        Return the listener's lifecycle phase



    


    
      
        stop(Name)

      


        Stop a listener and release its port. In-flight conns are not waited on.



    





      


      
        Types


        


  
    
      
    
    
      http1_opts()



        
          
        

    

  


  

      

          -type http1_opts() ::
          #{max_request_line => 1..2147483647,
            max_header_line => 1..2147483647,
            max_header_block => 1..2147483647,
            max_header_count => 1..2147483647,
            linger_timeout => 0..2147483647}.


      


HTTP/1.1 listener tunables (under {http1, ThisMap} in protocols).
The four max_* keys cap inbound request sizes; oversized input is
rejected before the handler runs (414 for the request line, 431 for
headers). Raise them for clients that send large headers (long JWTs /
cookies / tracing metadata); lower them to tighten the attack surface.
	max_request_line — request-line byte cap (method + target +
version). Over-cap → 414 URI Too Long. Default 8192.
	max_header_line — per-header-line byte cap. Over-cap → 431.
Default 8192.
	max_header_block — cumulative header-block byte cap. Over-cap →
431. Default 10240.
	max_header_count — maximum number of header lines. Over-cap →
431. Default 100.
	linger_timeout — after a response that closes the connection before
the request was read to its end (a 413 over the body cap, a 431, a
handler answering without reading its body), how long in milliseconds
the connection keeps reading and dropping what the client still sends
before it closes. Closing with unread input makes the kernel reset the
connection, which can wipe the response before the client reads it
(RFC 9112 §9.6); lingering lets it through. It ends as soon as the
client closes. 0 closes at once. Default 1000.


  



  
    
      
    
    
      http2_opts()



        
          
        

    

  


  

      

          -type http2_opts() ::
          #{conn_window => 1..2147483647,
            stream_window => 1..2147483647,
            window_refill_threshold => 1..2147483647,
            max_concurrent_streams => 1..2147483647,
            max_header_block => 1..2147483647,
            max_header_list_size => 1..2147483647}.


      


HTTP/2 listener tunables (under {http2, ThisMap} in protocols).
	conn_window — connection-level receive window peak in bytes
(1..2^31-1). Default 2^31-1, the largest allowed, sent as an
early WINDOW_UPDATE(0, peak - 65535) after the server SETTINGS
(RFC 9113 §6.9.2 starts it at 65535). Its credit is returned as
DATA arrives, so it bounds no memory.
	stream_window — the peak a stream's receive window grows to, in
bytes (1..2^31-1). Default 16777216 (16 MB). Every stream
opens at the RFC's 65535, so a stream refused or rejected before
its body is read can draw at most that much; its window grows to
the peak with its first refill, once its DATA is taken. An upload
sends at most one window per round trip, so this bounds its rate:
16 MB allows about 160 MB/s over a 100 ms round trip, where the
RFC's 65535 allows about 0.6 MB/s. A buffered body's credit is
returned as it arrives, so the window bounds the rate, not the
memory a body takes (max_content_length does). With manual body
reading a stream holds at most its window until the handler reads
it, up to stream_window × max_concurrent_streams per connection:
lower stream_window if handlers read slowly and memory matters.
Setting above conn_window is allowed but not useful — the
conn-level peak is the binding constraint.
	window_refill_threshold — refill trigger in bytes. When a
window drops below this, the conn refills it back to its peak.
Unset (the default), each window refills once it drops below
half its own peak.
	max_concurrent_streams — cap on concurrent client-initiated
streams per connection, advertised via
SETTINGS_MAX_CONCURRENT_STREAMS. HEADERS that would exceed it
get RST_STREAM(REFUSED_STREAM). Default 100.
	max_header_block — cumulative cap on an assembled
HEADERS+CONTINUATION block (the CONTINUATION-flood guard);
over-cap closes the connection with GOAWAY(ENHANCE_YOUR_CALM).
Default 16384. This is the h2 counterpart to the {http1, ...}
max_header_block opt, but the two are independent and default
differently (h1 10240, h2 16384).
	max_header_list_size — cap on the decoded (uncompressed)
header-list size (RFC 7541 §4.1: sum of name + value + 32 per
field), advertised via SETTINGS_MAX_HEADER_LIST_SIZE; an
over-cap request gets 431 + RST_STREAM(NO_ERROR). Bounds a
different unit than max_header_block (which caps the compressed
block). Defaults to 2 * max_header_block, so raising the encoded
cap lifts this one too unless set explicitly. The other way round,
response headers are kept within the limit a client sends in its own
SETTINGS_MAX_HEADER_LIST_SIZE (see roadrunner_handler:response/0).


  



  
    
      
    
    
      http3_opts()



        
          
        

    

  


  

      

          -type http3_opts() ::
          #{listeners => 1..1024,
            max_header_block => 1..2147483647,
            max_streams_bidi => 1..2147483647,
            max_field_section_size => 1..2147483647,
            qpack_max_table_capacity => 0..2147483647,
            qpack_blocked_streams => 0..2147483647,
            secret => binary()}.


      


HTTP/3 listener tunables (under {http3, ThisMap} in protocols).
	listeners — number of reuseport listener processes in the QUIC
pool (1..1024). They bind the same UDP port and share one
connection registry; the kernel spreads inbound datagrams across
them, so inbound demux parallelizes across cores. Default 8.
1 disables pooling (a single listener, no SO_REUSEPORT).
	max_header_block — cap on the encoded request field section (the
HEADERS block); over-cap answers 431. Default 16384. The h3
counterpart to the {http1, ...} / {http2, ...} max_header_block
opts; the three are independent (h1 defaults to 10240, h2/h3 to
16384).
	max_streams_bidi — cap on concurrent client-initiated bidirectional
(request) streams, advertised to the peer in the QUIC transport
parameters. Default 100. The h3 counterpart to the {http2, ...}
max_concurrent_streams opt.
	max_field_section_size — cap on the decoded (uncompressed)
field-section size (RFC 7541 §4.1: sum of name + value + 32 per field),
advertised via SETTINGS_MAX_FIELD_SECTION_SIZE (so conformant clients
self-limit, RFC 9114 §4.2.2) and enforced after QPACK decode: an
over-cap request gets 431. Bounds a different unit than
max_header_block (which caps the compressed block). Defaults to
2 * max_header_block, so raising the encoded cap lifts this one too
unless set explicitly. The h3 counterpart to the {http2, ...}
max_header_list_size opt. The other way round, response headers
are kept within the limit a client sends in its own
SETTINGS_MAX_FIELD_SECTION_SIZE (see roadrunner_handler:response/0).
	qpack_max_table_capacity: the most bytes of QPACK dynamic table
(RFC 9204 §3.2) a client may set up to compress its request headers,
advertised via SETTINGS_QPACK_MAX_TABLE_CAPACITY. Each connection
holds at most this much table (counted as name + value + 32 per entry,
§3.2.1). Default 4096, the HTTP/2 HPACK default; 0 turns the
dynamic table off. The server's own response headers always use the
static table.
	qpack_blocked_streams: how many request streams of a connection may
wait for dynamic table entries still on their way (RFC 9204 §2.1.2),
advertised via SETTINGS_QPACK_BLOCKED_STREAMS. Most clients only put
headers in the dynamic table when this is above 0. A waiting request
is read once the entries it needs arrive; it holds no in-flight slot
until then. Default 16; 0 allows none, so a client may only use
entries it knows the server has.
	secret — a binary of at least 32 random bytes the QUIC keys of the
listener derive from: the key of the stateless reset tokens (RFC 9000
§10.3), so a client still talking to a connection the server has lost
(after a restart, say) is told at once to stop rather than waiting out
its idle timeout, and the key of the address validation tokens sent
with NEW_TOKEN (§8.1.3), so a client coming back within the hour skips
the limit on what the server sends before its address is validated.
Every listener of the pool shares it. Keep it as secret as the TLS key.
Give another server the same secret only if every packet of a
connection reaches the server holding it: a server sent a packet for a
connection it does not have answers with a valid reset, so anyone who
can route packets to it can close connections on the others (RFC 9000
§10.3.2, §21.11). Unset, a random one is drawn when the listener
starts, so a restarted listener can neither reset the connections of
the one before it nor accept its tokens.
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          -type opts() ::
          #{port := inet:port_number(),
            routes =>
                module() |
                {module(), term()} |
                #{handler := module(),
                  state => term(),
                  middlewares => roadrunner_middleware:middleware_list()} |
                roadrunner_router:routes(),
            middlewares => roadrunner_middleware:middleware_list(),
            max_content_length => non_neg_integer(),
            ws => ws_opts(),
            request_timeout => non_neg_integer(),
            tls_handshake_timeout => pos_integer(),
            keep_alive_timeout => non_neg_integer(),
            num_acceptors => pos_integer(),
            max_keep_alive_requests => pos_integer(),
            max_clients => pos_integer(),
            max_concurrent_requests => infinity | pos_integer(),
            overload_mode =>
                refuse |
                {queue, #{max_queued => pos_integer(), timeout => pos_integer()}} |
                {shed, #{retry_after => pos_integer()}},
            socket_backlog => pos_integer(),
            ip => inet:ip_address(),
            recv_buffer => pos_integer(),
            min_bytes_per_second => non_neg_integer(),
            rate_check_interval => pos_integer(),
            body_buffering => auto | manual,
            slot_reconciliation => disabled | #{interval := pos_integer()},
            graceful_drain => boolean(),
            proxy_protocol => boolean(),
            real_ip =>
                #{trusted_proxies => [binary()],
                  trusted_hops => pos_integer(),
                  header => x_forwarded_for | forwarded},
            rate_limit =>
                #{rate := pos_integer(),
                  period => pos_integer(),
                  burst => pos_integer(),
                  sweep_interval => pos_integer()},
            hibernate_after => pos_integer(),
            handler_spawn => #{opts => [proc_lib:start_spawn_option()], start_timeout => timeout()},
            protocols => [protocol_entry(), ...],
            tls => [ssl:tls_server_option()]}.


      


Listener configuration map.
Required:
	port — TCP port to bind. 0 lets the kernel pick an ephemeral
port; query it back with port/1.

Routing (pick one):
	routes => module() — single-handler dispatch. Every request
goes to Module:handle/1 and roadrunner_req:state/1
returns undefined.
	routes => {module(), term()} — single-handler dispatch with
per-handler state. The opaque second element is reachable from
the handler via roadrunner_req:state/1.
	routes => #{handler := module(), state => term(), middlewares => [...]} — map form for single-handler dispatch;
use it to attach per-handler middlewares (or future per-handler
framework knobs) alongside the state.
	routes => roadrunner_router:routes() — list of route entries;
each entry is either a {Path, Handler} / {Path, Handler, State}
tuple or a #{path := Path, handler := Handler, state => ..., middlewares => [...]} map. First match wins, so the specific
route goes above the general one; a route the entries above it
already answer in full is a config error and raises at listener
start rather than turning into a runtime 404.

Whichever form is used, a handler that exports the optional
roadrunner_handler callback init_route/1 has it run once per route
when the listener starts (and on reload_routes/2), turning the route's
state into the one the handler sees. A raise in it stops the listener
from starting, with {init_route_failed, Path, Handler, Reason}.
Optional middleware and timing knobs (durations in milliseconds):
	middlewares — listener-wide pipeline applied to every request.

	max_content_length — request-body cap across HTTP/1.1, HTTP/2, and
HTTP/3; an over-cap body answers 413 Payload Too Large (and resets
the stream on h2/h3). Default 10 MB. A route can set its own, larger or
smaller (roadrunner_router:route/0).

	ws — WebSocket session tunables as a nested map (see
ws_opts/0): max_frame_size (per-frame payload cap) and
max_message_size (reassembled + decompressed message cap), both
defaulting to 10 MB with over-cap closing the connection with code
1009, plus recv_buffer (per-session inet buffer override — bounds
per-connection memory at high WebSocket concurrency; inherits the
listener's recv_buffer when unset) and hibernate_after (idle-session
hibernation timeout in milliseconds; off when unset).

	request_timeout — header-read timeout on a fresh conn.
Default 30 s.

	tls_handshake_timeout — bound on the TLS handshake (TLS listeners
only). The handshake runs in the connection process, not the
acceptor, so a slow or silent peer never blocks other connections
from being accepted; one that exceeds the bound is closed and
reported as a per-connection {handshake, timeout} accept error,
releasing its max_clients slot. On a TLS listener that also reads
the PROXY protocol, the same bound covers the header read that
precedes the handshake. Default 5 s.

	keep_alive_timeout — idle timeout between requests on a
keep-alive conn. Default 60 s.

	num_acceptors — size of the acceptor pool. Default: one per online
scheduler, at most 10. Every acceptor waits on the same listen socket, so
more acceptors than schedulers only adds contention: on one or two
schedulers, matching them accepts 35-55% more connections a second than
10 does, at about a third of the tail latency.

	max_keep_alive_requests — requests served per conn before
forced close. Default 1000.

	max_clients — concurrent connection cap. Default 16384 (the modern
Erlang/Elixir HTTP-server norm). A connection counts from the moment
it is accepted, so on a TLS listener one still in its handshake holds
a slot too. Connections accepted while already at the cap are closed
immediately without a response. The effective cap is
min(max_clients, the OS file-descriptor limit) — raise ulimit -n
(and the systemd LimitNOFILE) for high concurrency, otherwise the
acceptors hit emfile at the descriptor ceiling and emit
listener_accept_error. Saturation memory scales as
max_clients × recv_buffer, so memory-constrained deployments lower the
cap or recv_buffer. Rejections are observable:
each one emits listener_conn_rejected and increments
the rejected count from info/1, so a rising rejected is the
signal that the cap is the binding limit. For HTTP/2 and HTTP/3 the
worst-case live-handler count is max_clients × max_concurrent_streams;
bound it with max_concurrent_requests (default infinity) if heavy
multiplexing memory is a concern.

	max_concurrent_requests — cap on concurrent in-flight requests
(live handler processes) across the whole listener, for the
multiplexed protocols (HTTP/2 and HTTP/3). Default infinity (off).
max_clients bounds connections and max_concurrent_streams bounds
streams per connection, but their product (the worst-case live-handler
count) is otherwise unbounded; at the defaults that product
(16384 × 100 ≈ 1.6M) exceeds the BEAM process limit (+P, default
262144), so under heavy multiplexing it can exhaust the VM-global
process table — failing spawns everywhere, not just this listener — on
top of unbounded handler memory. This caps the product directly; set it
to a finite value when enabling HTTP/2 or HTTP/3 under a high
max_clients. Over-limit streams
are refused with REFUSED_STREAM (h2) / H3_REQUEST_REJECTED (h3),
which RFC 9113 §8.7 marks safe to retry; each refusal emits
request_throttled and increments the throttled
count from info/1. HTTP/1 is unaffected (one request per connection,
already bounded by max_clients), except in shed mode below.

	overload_mode — what happens to a request that arrives over
max_concurrent_requests. Default refuse, which is the behavior
described above. {queue, Opts} instead
parks it until a slot frees, so handler memory stays bounded without
shedding the request: latency rises under overload rather than the
error rate. A request still waiting after Ms is refused exactly as
refuse would, and one arriving when N are already parked is
refused immediately, so overload still sheds rather than queueing
without bound. Requires a finite max_concurrent_requests — there is
nothing to queue behind otherwise, and asking for it without one is a
configuration error.
Opts takes max_queued and timeout, and both are derived when
absent, so {queue, #{}} needs no tuning. timeout follows
request_timeout, since a request already carries that deadline and
waiting past it only produces a response nobody is left to read.
max_queued follows the ceiling, so at most as many requests wait as
run.
Worth setting when a per-connection max_concurrent_streams is the
only thing keeping handler memory down, because that ties concurrency
to connection count: 64 connections with a window of 4 can never have
more than 256 handlers running, however much budget is left. A
listener-wide ceiling spends the budget you configured instead.
Measured on 64 h2c connections against a cheap route, moving from a
window of 4 to a window of 64 with a queued ceiling of 4096 took
252,259 to 397,747 resp/s with no refusals and concurrency still
bounded.
{shed, Opts} answers a request over the ceiling with 503 Service Unavailable and a Retry-After header (RFC 9110 §15.6.4, §10.2.3)
instead of refusing its stream, so clients wait and come back rather
than retrying at once. REFUSED_STREAM and H3_REQUEST_REJECTED
invite an immediate retry (RFC 9113 §8.7), which suits a proxy that
can send the request to another backend; a 503 with Retry-After
is the signal for clients talking to this server directly. Opts
takes retry_after, the seconds to send, default 1. The 503 goes
out before any handler runs and carries no body. In this mode HTTP/1
requests count against the ceiling too, so it is one in-flight budget
across every protocol: an HTTP/1 request over it gets the 503 with
connection: close, before any of its body is read (the close lingers
over a body the client may still be sending). A shed request is
counted like a refused one: it emits request_throttled and
increments the throttled count from info/1. A long-lived response
(WebSocket, loop, stream) holds its slot until it ends, on every
protocol. Requires a finite max_concurrent_requests.
Shedding applies to the request ceiling only. A connection over
max_clients is still closed without a response: answering it would
mean a process, and on TLS a full handshake, for a client the server is
turning away, which is the work the cap is there to stop. Set
max_concurrent_requests below what max_clients allows, and the
ceiling becomes the soft limit that sheds while max_clients stays the
hard one.

	socket_backlog — TCP listen backlog (kernel SYN/accept queue
depth). Default 1024. Raise it for connection bursts (load tests,
health-check storms); Linux clamps the effective value at
net.core.somaxconn.

	ip — local interface to bind. Unset (the default) binds all
interfaces (0.0.0.0 / ::); set a specific address such as
{127,0,0,1} to restrict the listener to loopback, e.g. a
dev/admin/metrics endpoint that must not be reachable from the LAN.
Applies to every socket the listener binds: plain TCP, TLS, and the
HTTP/3 UDP socket.

	recv_buffer — emulator user-space buffer (bytes) for inbound TCP
data, per accepted connection. Default 64 KB. Larger values cut the
per-body message count on high-MTU paths; smaller values cut
per-connection memory at scale. See the buffer note in
base_listen_opts/1.

	min_bytes_per_second — slow-loris guard on the request-read
phase (0 disables). Default 100.

	rate_check_interval — how often the rate guard re-checks
(ms). Default 1000.

	body_buffering — auto (default; framework reads the full
body before invoking the handler) or manual (handler calls
roadrunner_req:read_body/1,2; a client sending
Expect: 100-continue is asked for its body only when the handler
first reads it, and one declaring a body over the cap gets its 413
at once). In manual mode an HTTP/2 or HTTP/3 handler runs as
soon as the headers are in, and a stream holds at most one
flow-control window of body it has not read (its window, or its QUIC
stream credit, is given back only as the handler reads); a handler that
answers without reading the body ends the client's upload
(RST_STREAM(NO_ERROR) on HTTP/2, STOP_SENDING on HTTP/3).

	slot_reconciliation — #{interval := Ms} (default 60000) for the
periodic reaper that releases slots orphaned by brutal-kill exits,
and with them the killed conns' rows in the drain registry, or
disabled to turn it off. A graceful_drain => false listener keeps
no registry to compare against, so the reaper is off there; asking
for both is a configuration conflict.

	graceful_drain — opt out of the per-conn drain registry
(true default; false trades drain notification for a little
less per-conn work on short-lived workloads).

	proxy_protocol — true reads and strips the PROXY protocol header
(HAProxy v1 / v2) an L4 balancer prepends, so roadrunner_req:peer/1
is the real client. On TLS listeners the header is read before the
handshake. TCP only. Default false. Enable it only behind a balancer
that always sends the header, or a direct peer can spoof its address.

	real_ip — the real client IP behind HTTP reverse proxies, read from
X-Forwarded-For (default) or Forwarded (header => forwarded).
Set exactly one trust mode: trusted_proxies => [CIDR] (for example
[~"10.0.0.0/8"]; /0 is refused) or trusted_hops => N. The
resolved address feeds roadrunner_req:client_ip/1, the rate_limit
key, and client_ip in logger and telemetry metadata. Use
trusted_hops only when clients can reach the listener through the
proxies alone.

	rate_limit — per-client request-rate guard:
#{rate := N, period => Seconds, burst => N, sweep_interval => Ms}
(period default 1, burst default rate, sweep_interval default
10000). A client over the rate gets 429 Too Many Requests with
Retry-After before the handler runs. Keyed on the real client IP;
an IPv6 client is keyed by its /64. A route can add its own rate on
top (roadrunner_router:rate_limit()).

	hibernate_after — when set, idle conns hibernate after this
many milliseconds of main-loop idle time, which sweeps and shrinks
the conn's heap. Pairs with handler_spawn below for a pool of
mostly-idle connections; waking a hibernated conn is charged to the
request that wakes it.

	handler_spawn — spawn config for every handler-running process (the
connection process and HTTP/2/3 stream workers) as a nested map:
opts (spawn_opt / proc_lib options, default
[{fullsweep_after, 0}]) and start_timeout (init-ack deadline,
default infinity). opts merges over the defaults per option key, so
setting one option keeps the rest — asking for a heap hint does not
silently change the GC policy.
The default makes every collection a full sweep, so a connection that
served a burst and went quiet holds far less heap than under the
emulator's generational policy. That matters most for a pool of
mostly-idle keep-alive connections, and it costs some throughput on
handlers that allocate heavily. To take the emulator's generational
policy instead, name fullsweep_after yourself (an empty list will
not do, since opts merges): [{fullsweep_after, 65535}] for the
emulator's usual value, or
[{fullsweep_after, element(2, erlang:system_info(fullsweep_after))}]
to follow whatever this node is set to, which ERL_FULLSWEEP_AFTER can
move. Pair it with hibernate_after unless every connection stays
busy, since idle connections otherwise keep their grown heaps. The
intermediate values measured (5, 10 and 20) bought no middle ground.
The measurements behind all of this are in
Resource limits.

	protocols — list of protocol_entry/0. Default [http1].
On TLS this drives alpn_preferred_protocols automatically.

	tls — [ssl:tls_server_option()] for HTTPS. Absent for plain
HTTP. The listener starts the ssl application when it is set, so
a release that serves TLS must include ssl. Prefer an ECDSA P-256
certificate: every new TLS or QUIC connection signs with the
certificate's key, and an ECDSA P-256 signature costs about 25 times
less CPU than an RSA-2048 one (around 30 µs against 800 µs). In a
connection-churn test that let the server accept 1.7 times more new
HTTP/2 connections per second, with 44% less CPU per connection. All current
browsers support it. To make a self-signed one for testing:
openssl req -x509 -newkey ec -pkeyopt ec_paramgen_curve:prime256v1 -nodes -days 365 -keyout key.pem -out cert.pem -subj /CN=localhost.


The inline source comments next to each field carry the deeper
ops-tuning rationale.
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          -type protocol_entry() ::
          http1 | http2 | http3 | {http1, http1_opts()} | {http2, http2_opts()} | {http3, http3_opts()}.


      


One protocol entry in the listener's protocols list. Either a
bare atom (http1 / http2 / http3) for default opts, or a tuple
{Proto, ProtoOpts} carrying protocol-specific tuning. HTTP/1 tunables
live under http1_opts/0, HTTP/2 under http2_opts/0, and HTTP/3
under http3_opts/0.
On TLS the list drives alpn_preferred_protocols for the TCP
protocols. On plain TCP, [http2] means prior-knowledge h2c (client
sends the h2 preface directly); [http1, http2] on plain TCP is
rejected at init/1 since there's no Upgrade: h2c implementation.
http3 runs HTTP/3 over QUIC on the UDP port of the same number, and
requires tls (QUIC mandates TLS 1.3) — listing it without tls is
rejected at init/1. It co-listens with the TCP protocols: e.g.
[http1, http2, http3] serves h1/h2 over TCP and h3 over UDP on the
same port. The QUIC handshake advertises the h3 ALPN itself, so
http3 does not appear in the TCP alpn_preferred_protocols.
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          -type ws_opts() ::
          #{max_frame_size => 0..2147483647,
            max_message_size => 0..2147483647,
            recv_buffer => 1..2147483647,
            hibernate_after => 1..2147483647}.


      


WebSocket session tunables (under ws in the listener opts).
	max_frame_size — per-frame payload cap in bytes. An inbound
frame declaring more than this closes the connection with code
1009 before the payload is buffered. Default 10 MB.
	max_message_size — cap on a reassembled message in bytes: the
running fragment total, and the decompressed size when
permessage-deflate is negotiated. Over-cap closes with 1009. Must
be >= max_frame_size. Default 10 MB.
	recv_buffer — inet buffer (user-space receive buffer, bytes)
applied to the socket when a connection upgrades to a WebSocket
session — the session-level override of the top-level
recv_buffer listener opt. The emulator keeps a buffer of this size alive per
socket, so it bounds how many bytes one {tcp, _, Data} delivery
carries AND what every connection pays in resident memory. Unset
(the default) inherits the listener socket's recv_buffer (64 KB
default) — sized for HTTP request flow, where bodies arrive in
bulk. Long-lived
WebSocket sessions that exchange small messages should set this
lower in production: at high connection counts the inherited
64 KB dominates per-connection memory (64 KB × connections),
while a few KB is plenty for message-sized deliveries. Large
inbound frames are still delivered correctly with a small buffer,
just across more deliveries — deployments streaming multi-KB
frames client→server should keep it larger.
	hibernate_after — idle milliseconds after which a WebSocket
session hibernates (heap shrinks to the minimum until the next
inbound event wakes it). The session-side counterpart of the
top-level hibernate_after conn knob, with the same tradeoff:
each wake costs a heap rebuild, so it suits mostly-idle sessions
(presence, notifications, low-traffic subscriptions) where the
per-connection heap held across long silences dominates. A busy
session never pays — the next frame arrives before the timer.
Unset (the default) never hibernates on idle; handlers can still
opt in per event via the hibernate return option.


  


        

      

      
        Functions


        


  
    
      
    
    
      drain(Name, Timeout)



        
          
        

    

  


  

      

          -spec drain(Name :: atom(), Timeout :: non_neg_integer()) ->
               {ok, drained} | {timeout, non_neg_integer()}.


      


Graceful shutdown. Closes the listen socket immediately so no new
connections are accepted, broadcasts {roadrunner_drain, Deadline} to
every active conn, and then polls the live-connection counter until it
hits zero or Timeout milliseconds elapse. Conns still alive at the
deadline are hard-killed via exit(Pid, shutdown).
An idle HTTP/1.1 conn closes, and an HTTP/2 or HTTP/3 conn sends GOAWAY,
refuses new requests and closes once its in-flight requests finish. The
handler of every in-flight request gets the same message on every
protocol: on HTTP/1.1 it runs in the conn process itself, and an HTTP/2
or HTTP/3 conn passes the message on to each of its stream workers, so
a {loop, ...} handler sees it in handle_info/3 (see
roadrunner_handler) and can wind down, as a WebSocket handler can in
handle_drain/2.
Returns {ok, drained} when the counter reached zero before the
deadline, or {timeout, Remaining} with the count that was still
alive when the timeout fired (those processes are torn down before
returning).
The listener then exits, and drain/2 returns only once it is gone, so
the name is free and a roadrunner:start_listener/2 or start_link/2
right after it starts a fresh listener.

  



  
    
      
    
    
      info(Name)



        
          
        

    

  


  

      

          -spec info(Name :: atom()) ->
              #{active_clients := non_neg_integer(),
                max_clients := pos_integer(),
                requests_served := non_neg_integer(),
                rejected := non_neg_integer(),
                max_concurrent_requests := infinity | pos_integer(),
                throttled := non_neg_integer(),
                rate_limited := non_neg_integer()}.


      


Return runtime introspection for a listener:
	active_clients — current number of connections held open.
	max_clients — the configured cap.
	requests_served — cumulative count of requests whose headers
parsed successfully since the listener started. Includes 4xx
responses from the router (404) and the body-size pre-check (413);
excludes wire-level parse failures, idle keep-alive timeouts, and
silent slow-client closes.
	rejected — cumulative count of connections dropped because the
listener was at its max_clients cap when they arrived. A rising
rejected means the cap is the binding limit and should be raised.
Also emitted in real time as listener_conn_rejected.
	max_concurrent_requests — the configured in-flight ceiling
(infinity when off).
	throttled — cumulative count of requests refused (or, in shed
mode, answered 503) because the listener was at its
max_concurrent_requests ceiling. A rising throttled
means the in-flight cap is binding. Also emitted in real time as
request_throttled.

Useful for ops dashboards / health endpoints.

  



  
    
      
    
    
      notify_drain(Name, Deadline)



        
          
        

    

  


  

      

          -spec notify_drain(Name :: atom(), Deadline :: integer()) -> ok.


      


Broadcast a {roadrunner_drain, Deadline} notification to every conn /
WS session in the listener's drain registry without stopping the
listener or waiting on the counter.
Use for soft-drain workflows — telling long-lived sessions to wind down
ahead of a deploy, or in test suites that want to observe drain
behavior without losing the listener for subsequent cases. Unlike
drain/2, the listener keeps accepting new connections. Handlers get
the message as they do from drain/2.
Like every other call into a listener, exits with noproc when no
listener by that name is running.

  



  
    
      
    
    
      port(Name)



        
          
        

    

  


  

      

          -spec port(Name :: atom()) -> inet:port_number().


      


Return the actual TCP port the listener is bound to.

  



  
    
      
    
    
      register_for_drain(Name, Pid)



        
          
        

    

  


  

      

          -spec register_for_drain(Name :: atom(), pid()) -> ok.


      


Register Pid in the listener's drain registry so drain/2 and
notify_drain/2 reach it with {roadrunner_drain, Deadline}. The
connection processes register themselves; this is for a process that
lives outside the conn lifecycle (a long-lived worker, say) and wants
the same notification. Exits with noproc when no listener by that
name is running.

  



  
    
      
    
    
      reload_routes(Name, Routes)



        
          
        

    

  


  

      

          -spec reload_routes(Name :: atom(), roadrunner_router:routes()) ->
                       ok |
                       {error, no_routes} |
                       {error, roadrunner_router:validation_error()} |
                       {error, {init_failed, term()}}.


      


Atomically swap the listener's compiled route table without
restarting it. The new Routes are compiled via
roadrunner_router:compile/2 (with the listener's middlewares
re-baked) and published to persistent_term;
in-flight conns keep using whatever they read at request-resolve
time, but every subsequent dispatch sees the new table.
Returns ok on success, {error, no_routes} if the listener was
started in single-handler mode (routes => Module or no routes
opt) since there's no router table to reload, or
{error, Reason} carrying a roadrunner_router:validation_error/0
if the replacement table cannot work. A rejected table is refused
whole: the listener keeps serving the routes it already had, and
nothing about the running table changes. The same holds when a hook
that runs for the new table fails, a per-route middleware's init/1 or
a handler's init_route/1 (such as roadrunner_static rejecting an
option): the reload returns {error, {init_failed, Reason}} and the
listener keeps its current routes. At listener start the same failure
stops the start, since there is no table to keep.
Both run again for the new table, once per route.
Each call performs one global persistent_term swap, which scans every
process heap to reclaim the old table. That cost is acceptable for a
whole-table swap at deploy time, but callers should batch route changes
into a single reload_routes/2 rather than calling it per route.

  



  
    
      
    
    
      start_link(Name, Opts)



        
          
        

    

  


  

      

          -spec start_link(Name :: atom(), opts()) -> {ok, pid()} | {error, term()}.


      


Start a named listener that binds the given TCP port.
port => 0 lets the kernel choose an ephemeral port — query it back
with port/1.

  



  
    
      
    
    
      status(Name)



        
          
        

    

  


  

      

          -spec status(Name :: atom()) -> accepting | draining.


      


Return the listener's lifecycle phase:
	accepting — normal serving; new connections are being accepted.
	draining — drain/2 is in progress; the listen socket is
closed and active conns are finishing.

After drain/2 (or stop/1) returns the listener has exited and
this call would fail with a noproc.

  



  
    
      
    
    
      stop(Name)



        
          
        

    

  


  

      

          -spec stop(Name :: atom()) -> ok.


      


Stop a listener and release its port. In-flight conns are not waited on.
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roadrunner_middleware behaviour
    



      
Continuation-style middleware for roadrunner handlers.
A middleware wraps the rest of the request pipeline:
-callback call(Request, Next, State) -> Result when
    Request :: roadrunner_req:request(),
    Next :: fun((Request) -> Result),
    State :: state(),
    Result :: roadrunner_handler:result().
The pipeline (handler at its core) returns {Response, Req2}. Each
middleware sees the same shape and is expected to return it — either
straight from Next or after transforming it.
Each middleware decides:
	pass through unchanged — Next(Req)
	transform the request — Next(Req#{...})
	short-circuit / halt — return {Response, Req} without calling
Next
	wrap the response — let Next(Req) run, then transform what it
returned (status, headers, body)
	side effects around the call — log, time, instrument

This shape is deliberately lighter than cowboy's deprecated
(Req, Env) middlewares (which couldn't see the response) and
much lighter than cowboy stream handlers (which split the request
lifecycle into five callbacks). It matches the modern
continuation/decorator pattern used by Plug.Builder, Express.js,
Tower, and Servant.
No direct wire writes from middleware
Middleware code never has access to the underlying socket — the
Request map intentionally excludes any socket reference. To
respond, a middleware must return a Result (either the one
from Next(Req) or its own response triple); there is no reply
escape hatch equivalent to cowboy's mid-flight cowboy_req:reply/4.
This is a feature, not a limitation. Bytes only hit the wire from
one place — the conn process — which means:
	the request_stop event fires for every request, with the status
actually sent.
	gzip wrapping, response transforms, and Content-Length framing
are applied uniformly regardless of which middleware produced
the response.
	Send errors are handled in one place (the response_send_failed
event, drain bookkeeping, slot release).
	The "halt" pattern is structurally simple: don't call Next, just
return a response. There's no second halt protocol to maintain
(compare: an arizona cowboy adapter has to support BOTH stashed
redirects AND raw-write-from-middleware to stay backward-compatible
with cowboy's permissiveness; the roadrunner adapter only handles
the stashed-redirect path).

If you're porting middleware from cowboy that called
cowboy_req:reply/4 directly, replace the call with returning a
response triple — {Status, Headers, Body} — from the middleware,
and the framework writes the bytes.
Where middlewares live
	Listener-level: roadrunner_listener:start_link(_, #{middlewares => [...]}).
These run for every request — single-handler and routed.
	Per-route: as the middlewares key on a map-shape route entry:
#{path => ~"/path", handler => handler_mod, middlewares => [...]}.
The tuple shorthands ({Path, Handler} /
{Path, Handler, State}) intentionally cannot carry middlewares —
use the map form when you want them.

When both are configured, listener middlewares wrap route middlewares
which wrap the handler — first in each list runs outermost.
Middleware shape
Each entry in a middlewares list is a Callable, optionally paired with
its config as {Callable, Config}. A bare Callable is shorthand for
{Callable, #{}} (empty config), the same way a {Path, Handler} route
omits the state a {Path, Handler, State} route carries.
	module() / {module(), Config} — a module implementing this
behaviour. If it exports the optional init(Config) callback, that runs
once at pipeline-compile time and the value it returns becomes the
State handed to every Mod:call(Req, Next, State); otherwise the
config is threaded verbatim. See "init/1" below.
	fun((Request, Next, State) -> Result) / {Fun, State} — a fun has no
init step, so its paired State is threaded verbatim as the third
argument: Fun(Req, Next, State). Reach for a fun for lightweight
inline middleware, a module when you want compile-time setup.

Config (module) and State (fun) default to #{} for the bare forms.
The same callable can appear more than once with different config, e.g.
[{rate_limit, #{rps => 10}}, {rate_limit, #{rps => 100}}].
Middleware State is not the request's state field. Route state
({Path, Handler, State}) is injected onto the request map and read
with roadrunner_req:state/1; middleware State is handed to call/3
as an argument and never touches the request.
init/1: optional compile-time setup (modules only)
A module middleware may implement init/1. When present, it runs once
when the pipeline is compiled (listener boot and every reload_routes/2),
never per request, and turns the user's raw config into the runtime state
call/3 receives:
init(Config) -> State.            %% once, at compile time
call(Req, Next, State) -> Result. %% per request, the same State reused
Do config validation and any precompute (compile patterns, pre-join
binaries, build lookup tables) in init/1: a bad config then fails
loudly at listener start rather than on a request, and the work is paid
once instead of per request. A bare module() entry is initialised with
#{}, so an init/1 that reads an all-defaults config should accept the
empty map.
When a module omits init/1, its config is threaded straight through
as the call/3 state (#{} for a bare entry), exactly like a fun. So
init/1 is purely opt-in: implement it for the compile-time hook, skip it
for a stateless middleware that only needs call/3. A fun-form middleware
never has an init/1 (there's no module to host the callback).
Handlers have the same hook for their route state, under the name
roadrunner_handler:init_route/1.
Examples
%% Stateless auth check — halt with 401 when missing. Wire it as a
%% bare `fun ?MODULE:auth/3`.
auth(Req, Next, _State) ->
    case roadrunner_req:header(~"authorization", Req) of
        undefined -> {roadrunner_resp:unauthorized(), Req};
        _ -> Next(Req)
    end.

%% Around: time the whole request including the response write.
timing(Req, Next, _State) ->
    Start = erlang:monotonic_time(millisecond),
    Result = Next(Req),
    logger:info(#{took_ms => erlang:monotonic_time(millisecond) - Start}),
    Result.

%% Stateful: inject a configurable `server` header on buffered responses.
%% Wire it as `{fun ?MODULE:server_header/3, ~"roadrunner"}`. The
%% `is_integer(Status)` guard matters: a `{websocket, Mod, State}` upgrade
%% is a 3-tuple too, and stream, loop and sendfile responses have other
%% shapes, so those pass through unchanged.
server_header(Req, Next, Server) ->
    case Next(Req) of
        {{Status, Headers, Body}, Req2} when is_integer(Status) ->
            {{Status, [{~"server", Server} | Headers], Body}, Req2};
        Other ->
            Other
    end.

      


      
        Summary


  
    Types
  


    
      
        config()

      


        A middleware entry's raw per-instance config: the second element of a
{Callable, Config} entry, and the #{} default for a bare Callable.
For a module it is the argument handed to init/1; a fun has no init, so
its config is threaded straight through as the call/3 state. Typically a
map.



    


    
      
        middleware()

      


        A single entry in a middlewares list: a Callable, or a
{Callable, Config} pair. Callable is either a module
implementing -behaviour(roadrunner_middleware) (its init/1 runs at
compile time, its call/3 per request) or a middleware_fun/0 invoked
directly. The pair's second element is the entry's config/0 — fed to
init/1 for a module, used verbatim as the call/3 state for a fun; a
bare Callable defaults it to #{}.



    


    
      
        middleware_fun()

      


        The function shape of a fun-form middleware: it receives the request,
the continuation, and the entry's state/0.



    


    
      
        middleware_list()

      


        An ordered list of middleware/0 entries.



    


    
      
        next()

      


        The continuation passed to a middleware's call/3: a fun that runs
the rest of the pipeline (other middlewares + the inner handler)
and returns the same roadrunner_handler:result/0 shape every
middleware returns.



    


    
      
        resolved()

      


        A middleware entry after resolution: the {Callable, State} pair produced
by running resolve/1 (which calls each module's init/1 once). Opaque —
callers thread it back into compile_pipeline/4 without inspecting it.



    


    
      
        state()

      


        A middleware entry's runtime state, passed as the third argument of
call/3. For a module entry it is whatever init/1 returned at compile
time; for a fun entry it is the entry's config/0 used verbatim.



    





  
    Callbacks
  


    
      
        call(Request, Next, State)

      


        The middleware contract. Request is the current request map;
Next is a continuation that runs the rest of the pipeline (other
middlewares + the inner handler) and returns the same
roadrunner_handler:result/0 shape every middleware returns. State
is what this entry's init/1 returned at compile time, or the entry's
config verbatim when the module has no init/1.



    


    
      
        init(Config)

      


        Optional compile-time setup. When a module exports it, it runs once
as the pipeline is built (listener boot and every
roadrunner_listener:reload_routes/2), never per request, and turns the
entry's raw config/0 into the state/0 handed to every call/3. A
bare module() entry is initialised with #{}.



    





  
    Functions
  


    
      
        compose(Mws, Handler)

      


        Compose a middleware list around a handler call, returning a single
next() fun that runs the full pipeline.



    


    
      
        resolve(Mws)

      


        Resolve a middleware list to its runtime resolved/0 pairs, running each
module's init/1 once. Use this to resolve listener-wide middlewares a
single time and reuse the result across every route (via
compile_pipeline/4) instead of re-running their init per route.



    





      


      
        Types


        


  
    
      
    
    
      config()



        
          
        

    

  


  

      

          -type config() :: term().


      


A middleware entry's raw per-instance config: the second element of a
{Callable, Config} entry, and the #{} default for a bare Callable.
For a module it is the argument handed to init/1; a fun has no init, so
its config is threaded straight through as the call/3 state. Typically a
map.

  



  
    
      
    
    
      middleware()



        
          
        

    

  


  

      

          -type middleware() :: module() | middleware_fun() | {module(), config()} | {middleware_fun(), config()}.


      


A single entry in a middlewares list: a Callable, or a
{Callable, Config} pair. Callable is either a module
implementing -behaviour(roadrunner_middleware) (its init/1 runs at
compile time, its call/3 per request) or a middleware_fun/0 invoked
directly. The pair's second element is the entry's config/0 — fed to
init/1 for a module, used verbatim as the call/3 state for a fun; a
bare Callable defaults it to #{}.

  



  
    
      
    
    
      middleware_fun()



        
          
        

    

  


  

      

          -type middleware_fun() ::
          fun((roadrunner_req:request(), next(), state()) -> roadrunner_handler:result()).


      


The function shape of a fun-form middleware: it receives the request,
the continuation, and the entry's state/0.

  



  
    
      
    
    
      middleware_list()



        
          
        

    

  


  

      

          -type middleware_list() :: [middleware()].


      


An ordered list of middleware/0 entries.

  



  
    
      
    
    
      next()



        
          
        

    

  


  

      

          -type next() :: fun((roadrunner_req:request()) -> roadrunner_handler:result()).


      


The continuation passed to a middleware's call/3: a fun that runs
the rest of the pipeline (other middlewares + the inner handler)
and returns the same roadrunner_handler:result/0 shape every
middleware returns.

  



  
    
      
    
    
      resolved()



        
          
        

    

  


  

      

          -opaque resolved()


      


A middleware entry after resolution: the {Callable, State} pair produced
by running resolve/1 (which calls each module's init/1 once). Opaque —
callers thread it back into compile_pipeline/4 without inspecting it.

  



  
    
      
    
    
      state()



        
          
        

    

  


  

      

          -type state() :: term().


      


A middleware entry's runtime state, passed as the third argument of
call/3. For a module entry it is whatever init/1 returned at compile
time; for a fun entry it is the entry's config/0 used verbatim.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      call(Request, Next, State)



        
          
        

    

  


  

      

          -callback call(Request :: roadrunner_req:request(), Next :: next(), State :: state()) ->
                  roadrunner_handler:result().


      


The middleware contract. Request is the current request map;
Next is a continuation that runs the rest of the pipeline (other
middlewares + the inner handler) and returns the same
roadrunner_handler:result/0 shape every middleware returns. State
is what this entry's init/1 returned at compile time, or the entry's
config verbatim when the module has no init/1.
The middleware decides whether to:
	pass through unchanged (Next(Req)),
	transform the request (Next(Req#{...})),
	short-circuit (return {Response, Req} without calling Next),
	wrap the response (let Next(Req) run, then transform what it
returned),
	run side effects around the call (log, time, instrument).


  



  
    
      
    
    
      init(Config)


        (optional)


        
          
        

    

  


  

      

          -callback init(Config :: config()) -> state().


      


Optional compile-time setup. When a module exports it, it runs once
as the pipeline is built (listener boot and every
roadrunner_listener:reload_routes/2), never per request, and turns the
entry's raw config/0 into the state/0 handed to every call/3. A
bare module() entry is initialised with #{}.
This is the place for config validation and precompute (compile patterns,
pre-join binaries, build lookup tables): a bad config fails loudly at
listener start, and the work is paid once rather than per request. A
module that omits init/1 has its config threaded straight through as the
call/3 state, the same as a fun.

  


        

      

      
        Functions


        


  
    
      
    
    
      compose(Mws, Handler)



        
          
        

    

  


  

      

          -spec compose(middleware_list(), next()) -> next().


      


Compose a middleware list around a handler call, returning a single
next() fun that runs the full pipeline.
Each module entry's init/1 is run here, once, as the pipeline is
built (via resolve/1); the resulting state/0 is captured in the
entry's closure and reused on every request. The first middleware in the
list runs outermost — it gets the first crack at the request and the
last crack at the response. The handler is the innermost call; an empty
list returns the handler fun unchanged.

  



  
    
      
    
    
      resolve(Mws)



        
          
        

    

  


  

      

          -spec resolve(middleware_list()) -> [resolved()].


      


Resolve a middleware list to its runtime resolved/0 pairs, running each
module's init/1 once. Use this to resolve listener-wide middlewares a
single time and reuse the result across every route (via
compile_pipeline/4) instead of re-running their init per route.
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roadrunner_multipart 
    



      
Parser for multipart/form-data request bodies (RFC 7578).
Three entry points:
	boundary/1 — pull the boundary=… parameter out of a
Content-Type header value, handling unquoted, quoted, and
parameter-mixed forms.
	parse/2 — split a buffered body into a list of part() maps,
each with its own headers and decoded body.
	params/1 — parse the key=value parameters of any structured
header value (e.g. Content-Type, Content-Disposition) into
a lowercase-keyed map.

Typical handler shape:
handle(Req) ->
    {ok, Body, Req2} = roadrunner_req:read_body(Req),
    {ok, Boundary} = roadrunner_multipart:boundary(
        roadrunner_req:header(~"content-type", Req2)
    ),
    {ok, Parts} = roadrunner_multipart:parse(Body, Boundary),
    %% Parts is a list of #{headers := [...], body := <<...>>}.
    ...
This is a buffered parser — the entire body must be in memory first.
For very large file uploads where you can't afford to buffer, a
streaming variant is a future feature; today, cap them at the
listener's max_content_length (default 10 MB).
What gets parsed
	The preamble (bytes before the first boundary) is discarded per
RFC 7578 §4.1.
	Each part's headers are returned as a list of {Name, Value}
binaries, with the name lowercased (matching the convention in
roadrunner_req:headers/1). Values are LWS-trimmed.
	Each part's body is the bytes between \r\n\r\n (end-of-headers)
and the next \r\n--<boundary> (start of next boundary or
terminator).
	The terminating boundary is --<boundary>--. Anything after it
(the epilogue) is ignored.

What does NOT get parsed
	Content-Disposition parameters (name, filename, etc.) —
callers parse them out of the raw header value if they need to.
Adding a disposition/1 helper is a straightforward follow-up.
	Per-part transfer encodings (Content-Transfer-Encoding) — bodies
are returned as-is. Modern browsers send raw bytes for
multipart/form-data, so this is rarely needed.


      


      
        Summary


  
    Types
  


    
      
        part()

      


        One section of a parsed multipart/form-data body. headers is
the part's headers (names lowercased, values OWS-trimmed) as a list
of {Name, Value} binaries; body is the raw bytes between
end-of-headers and the next boundary.



    





  
    Functions
  


    
      
        boundary(ContentType)

      


        Extract the boundary=… parameter from a Content-Type header value.
Handles unquoted (boundary=abc), quoted (boundary="a b c"), and
mixed-with-other-parameters forms.



    


    
      
        params(Value)

      


        Parse the parameters of a structured header value (e.g. Content-Type,
Content-Disposition) into a map. The "type" prefix before the first
; is discarded — only the key=value pairs after it are returned.



    


    
      
        parse(Body, Boundary)

      


        Split Body into a list of multipart parts using Boundary as the
delimiter. The boundary must NOT include the leading -- — that is
the multipart wire prefix and is added internally.



    





      


      
        Types


        


  
    
      
    
    
      part()



        
          
        

    

  


  

      

          -type part() :: #{headers := [{binary(), binary()}], body := binary()}.


      


One section of a parsed multipart/form-data body. headers is
the part's headers (names lowercased, values OWS-trimmed) as a list
of {Name, Value} binaries; body is the raw bytes between
end-of-headers and the next boundary.

  


        

      

      
        Functions


        


  
    
      
    
    
      boundary(ContentType)



        
          
        

    

  


  

      

          -spec boundary(binary()) -> {ok, binary()} | {error, no_boundary}.


      


Extract the boundary=… parameter from a Content-Type header value.
Handles unquoted (boundary=abc), quoted (boundary="a b c"), and
mixed-with-other-parameters forms.
Returns {error, no_boundary} when the parameter isn't present.

  



  
    
      
    
    
      params(Value)



        
          
        

    

  


  

      

          -spec params(binary()) -> #{binary() => binary()}.


      


Parse the parameters of a structured header value (e.g. Content-Type,
Content-Disposition) into a map. The "type" prefix before the first
; is discarded — only the key=value pairs after it are returned.
Param names are lowercased per RFC 9110 §8.3.1 (media-type parameter
names are case-insensitive); values are returned as-is, with
surrounding quotes stripped.
Examples:
	~"text/html; charset=utf-8" → #{~"charset" => ~"utf-8"}
	~"form-data; name=\"a\"; filename=\"f.txt\"" →
#{~"name" => ~"a", ~"filename" => ~"f.txt"}
	~"text/html" → #{}

Malformed pairs (no =) are silently skipped.

  



  
    
      
    
    
      parse(Body, Boundary)



        
          
        

    

  


  

      

          -spec parse(binary(), binary()) -> {ok, [part()]} | {error, term()}.


      


Split Body into a list of multipart parts using Boundary as the
delimiter. The boundary must NOT include the leading -- — that is
the multipart wire prefix and is added internally.
Returns {error, no_initial_boundary} if the body doesn't start
with (or contain) the opening boundary, {error, bad_header} on
a malformed part header, or other {error, _} shapes when the
multipart structure is otherwise broken.

  


        

      


  

  
    
    roadrunner_ndjson - roadrunner v0.11.1
    
    

    


  
  

    
roadrunner_ndjson 
    



      
Newline-delimited JSON (NDJSON) encoding helper.
The JSON sibling of roadrunner_sse. item/1 frames one value as a
compact JSON document followed by a single \\n delimiter and returns
iodata, so it drops into every response shape unchanged. Set the
response content-type to content_type/0 (application/x-ndjson).
A bounded result set as a buffered body — roadrunner_resp:ndjson/2
frames the whole list and sets the headers (it calls item/1 per row):
handle(Req) ->
    Rows = my_db:recent_orders(),
    {roadrunner_resp:ndjson(200, Rows), Req}.
A large or lazy result set, streamed one line per chunk without
buffering the whole body (the {stream, ...} shape):
handle(Req) ->
    Fun = fun(Send) ->
        my_db:fold_orders(fun(Row, _Acc) ->
            Send(roadrunner_ndjson:item(Row), nofin)
        end, ok),
        Send(~"", fin)
    end,
    {{stream, 200, [{~"content-type", roadrunner_ndjson:content_type()}], Fun}, Req}.
A message-driven feed (token-by-token output, pub/sub): use the
{loop, ...} shape and push each item from handle_info/3, exactly as
the roadrunner_sse example does, with item/1 in place of
roadrunner_sse:event/1.
json:encode/1 emits compact, single-line JSON (control characters in
strings are escaped), so an item never carries a raw newline that would
break the framing.

      


      
        Summary


  
    Functions
  


    
      
        content_type()

      


        The NDJSON media type, for the response content-type header.



    


    
      
        item(Term)

      


        Encode one term as a compact JSON document followed by the \\n
delimiter, ready to hand to the streaming Push fun.



    





      


      
        Functions


        


  
    
      
    
    
      content_type()



        
          
        

    

  


  

      

          -spec content_type() -> binary().


      


The NDJSON media type, for the response content-type header.

  



  
    
      
    
    
      item(Term)



        
          
        

    

  


  

      

          -spec item(Term :: term()) -> iodata().


      


Encode one term as a compact JSON document followed by the \\n
delimiter, ready to hand to the streaming Push fun.

  


        

      


  

  
    
    roadrunner_qs - roadrunner v0.11.1
    
    

    


  
  

    
roadrunner_qs 
    



      
application/x-www-form-urlencoded query string codec.
Pairs are separated by &; key and value within each pair are
separated by =. + decodes to space (legacy form-encoding rule),
followed by RFC 3986 percent-decoding via roadrunner_uri. Bare keys
with no = are flags — their value is the atom true.
Lenient on malformed input (cowboy parity): empty pair entries
(&&, leading or trailing &) are skipped, and percent sequences
that fail to decode pass through as raw bytes.

      


      
        Summary


  
    Functions
  


    
      
        encode(Pairs)

      


        Encode a list of {Key, Value} pairs as a query string.



    


    
      
        parse/1

      


        Parse a query string into an ordered list of {Key, Value} pairs.



    





      


      
        Functions


        


  
    
      
    
    
      encode(Pairs)



        
          
        

    

  


  

      

          -spec encode([{binary(), binary() | true}]) -> binary().


      


Encode a list of {Key, Value} pairs as a query string.
Value may be true (bare flag, no =) or a binary. Spaces are
encoded as + (form-encoding convention); other non-unreserved bytes
become %HH triples — including a literal +, which becomes %2B
so it round-trips through parse/1.

  



  
    
      
    
    
      parse/1



        
          
        

    

  


  

      

          -spec parse(binary()) -> [{binary(), binary() | true}].


      


Parse a query string into an ordered list of {Key, Value} pairs.
Value is true for bare flags, otherwise a binary (possibly empty).

  


        

      


  

  
    
    roadrunner_req - roadrunner v0.11.1
    
    

    


  
  

    
roadrunner_req 
    



      
Pure accessors over the request() map.
Decouples handler code from the underlying map shape — handlers should
prefer these functions over direct maps:get/2 so the request
representation can evolve without breaking them.
The request/0 type is canonical here. The shared HTTP primitives
re-exported alongside it (headers/0, version/0, status/0,
redirect_status/0) are aliases of the definitions in
roadrunner_http.

      


      
        Summary


  
    Types
  


    
      
        body_reader()

      


        Body-read envelope attached to the request in body_buffering => manual mode. read_body/1,2 consumes from it; the conn owns the
recv closure and tracks how much remains.



    


    
      
        cached_decisions()

      


        Framework-internal h1-parser hot-path optimization carried on the
request map's cached_decisions field. Handlers should ignore both
the field and this type — they're absent on h2 requests and on
manually-built request maps. Populated by the h1 parser at
request-read time and consumed by framework code to skip
per-request header re-lowercasing on the dispatch hot path.



    


    
      
        h1_body_reader()

      


    


    
      
        headers()

      


    


    
      
        private()

      


        The framework/middleware scratchpad map carried on the request's
private field. An arbitrary map — consumers choose their own
(namespaced) keys and values. See private/1.



    


    
      
        request()

      


        The parsed request map handlers receive.



    


    
      
        stream_body_reader()

      


    


    
      
        version()

      


    





  
    Functions
  


    
      
        bindings/1

      


        Return the router-captured bindings for this request as a
#{Name => Value} map of binaries.



    


    
      
        body/1

      


        Return the buffered request body bytes as seen by the handler.



    


    
      
        client_ip/1

      


        Return the client's IP address.



    


    
      
        delete_private(Key, Req)

      


        Remove Key from the request's private map, returning the updated
request. A no-op when Key is absent. See private/1.



    


    
      
        forwarded_for(Req)

      


        Return the leftmost client identifier from the Forwarded header
(RFC 7239) or, if absent, from X-Forwarded-For. Returns undefined
when neither header is set or the Forwarded header has no for=
parameter.



    


    
      
        has_body/1

      


        Return whether the request carries a non-empty body.



    


    
      
        has_header/2

      


        Return whether Name is present in the request headers.



    


    
      
        header/2

      


        Look up a single header value by name. Returns undefined if absent.



    


    
      
        headers/1

      


        Return the full ordered list of {Name, Value} header pairs.



    


    
      
        listener_name/1

      


        Return the atom name of the listener that accepted this request.



    


    
      
        merge_private(Map, Req)

      


        Merge Map into the request's private map, returning the updated
request. On a key conflict the value from Map wins. See private/1.



    


    
      
        method/1

      


        Return the request method (uppercase ASCII binary).



    


    
      
        method_is/2

      


        Return whether the request method matches the given binary.



    


    
      
        parse_cookies(Req)

      


        Parse the Cookie request header into a list of {Name, Value} pairs
via roadrunner_cookie:parse/1.



    


    
      
        parse_qs(Req)

      


        Parse the query string portion of the request target into a list of
{Key, Value} pairs (or {Key, true} for bare flags) via
roadrunner_qs:parse/1.



    


    
      
        path/1

      


        Return the path component of the request-target.



    


    
      
        peer/1

      


        Return the TCP peer ({IpAddress, Port}) for the connection that
delivered this request.



    


    
      
        private/1

      


        Return the request's private map: the framework/middleware scratchpad.



    


    
      
        private(Key, Req)

      


        Return the value stored under Key in the request's private map, or
undefined when absent. See private/1 for the contract.



    


    
      
        put_private(Key, Value, Req)

      


        Store Value under Key in the request's private map, returning the
updated request. Creates the map on first write. See private/1 for the
contract and key-namespacing convention.



    


    
      
        qs/1

      


        Return the raw query string portion of the request-target, without the
leading ?. Empty binary when no ? is present (or nothing follows it).



    


    
      
        read_body(Req)

      


        Read the request body in one shot. Works in both auto and manual
body-buffering modes



    


    
      
        read_body/2

      


        Read the request body, optionally bounded by length.



    


    
      
        read_body_chunked/1

      


        Read the next decoded HTTP chunk from a chunked-encoded request body.



    


    
      
        read_form(Req)

      


        Read and parse a form-encoded request body. Inspects the request's
Content-Type and dispatches



    


    
      
        request_id/1

      


        Return the per-request correlation token attached by roadrunner_conn.



    


    
      
        scheme/1

      


        Return the connection scheme — http for plain TCP, https for TLS.



    


    
      
        state/1

      


        Return the opaque per-route handler state attached at compile time.



    


    
      
        update_private(Key, Fun, Init, Req)

      


        Update the value under Key in the request's private map by applying
Fun to it, returning the updated request. When Key is absent, it is
seeded with Init (and Fun is not called) — the maps:update_with/4
contract. See private/1.



    


    
      
        version/1

      


        Return the HTTP version tuple ({1,0} or {1,1}).



    





      


      
        Types


        


  
    
      
    
    
      body_reader()



        
          
        

    

  


  

      

          -type body_reader() :: h1_body_reader() | stream_body_reader().


      


Body-read envelope attached to the request in body_buffering => manual mode. read_body/1,2 consumes from it; the conn owns the
recv closure and tracks how much remains.
On HTTP/1.1 the reader parses the body's framing off the socket.
pending holds decoded body bytes that have been parsed off the
wire but not yet handed to the caller — used for chunked framing
to absorb a chunk's payload across multiple length-bounded calls.
done flips true once the size-0 last chunk is parsed.
On HTTP/2 and HTTP/3 (framing => stream) the request's DATA is
delimited by the stream itself: the recv closure asks the connection for
what has arrived, buffered keeps what a length-bounded read left over,
and done flips true with the stream's end.

  



  
    
      
    
    
      cached_decisions()



        
          
        

    

  


  

      

          -type cached_decisions() ::
          #{is_chunked := boolean(),
            has_transfer_encoding := boolean(),
            expectation := none | continue | unsupported,
            connection_lower := binary(),
            content_length := none | {ok, non_neg_integer()} | {error, bad_content_length},
            has_host := boolean() | multiple | invalid,
            has_content_type := boolean() | multiple}.


      


Framework-internal h1-parser hot-path optimization carried on the
request map's cached_decisions field. Handlers should ignore both
the field and this type — they're absent on h2 requests and on
manually-built request maps. Populated by the h1 parser at
request-read time and consumed by framework code to skip
per-request header re-lowercasing on the dispatch hot path.

  



  
    
      
    
    
      h1_body_reader()



        
          
        

    

  


  

      

          -type h1_body_reader() ::
          #{framing := none | chunked | {content_length, non_neg_integer()},
            buffered := binary(),
            bytes_read := non_neg_integer(),
            pending := binary(),
            done := boolean(),
            recv := fun(() -> {ok, binary()} | {error, term()}),
            max := non_neg_integer(),
            trailer_limits := {pos_integer(), pos_integer(), pos_integer()},
            continue => {term(), integer(), non_neg_integer(), atomics:atomics_ref()}}.


      



  



  
    
      
    
    
      headers()



        
          
        

    

  


  

      

          -type headers() :: roadrunner_http:headers().


      



  



  
    
      
    
    
      private()



        
          
        

    

  


  

      

          -type private() :: map().


      


The framework/middleware scratchpad map carried on the request's
private field. An arbitrary map — consumers choose their own
(namespaced) keys and values. See private/1.

  



  
    
      
    
    
      request()



        
          
        

    

  


  

      

          -type request() ::
          #{method := binary(),
            target := binary(),
            path => binary(),
            version := version(),
            headers := headers(),
            cached_decisions => cached_decisions(),
            body => iodata(),
            bindings => roadrunner_router:bindings(),
            peer => {inet:ip_address(), inet:port_number()} | undefined,
            client_ip => inet:ip_address(),
            scheme => http | https,
            state => term(),
            body_reader => body_reader(),
            request_id => binary(),
            listener_name => atom(),
            private => private()}.


      


The parsed request map handlers receive.
Required fields are present on every request the framework
delivers; optional fields are populated by the framework when
applicable (e.g. body in body_buffering => auto mode,
bindings for routed dispatch, request_id for telemetry). The
private field is the exception roadrunner never populates itself:
it is a scratchpad for frameworks and middlewares to stash their
own data (see private/1).
The same shape flows through both the h1 and h2 paths — h2's
roadrunner_http2_request synthesizes a request matching this
type from frames + pseudo-headers, so handlers don't have to
care which protocol delivered the bytes.

  



  
    
      
    
    
      stream_body_reader()



        
          
        

    

  


  

      

          -type stream_body_reader() ::
          #{framing := stream,
            buffered := iodata(),
            bytes_read := non_neg_integer(),
            done := boolean(),
            recv := fun(() -> {ok, iodata(), boolean()} | {error, term()}),
            max := non_neg_integer(),
            continue => {pid(), pos_integer()}}.


      



  



  
    
      
    
    
      version()



        
          
        

    

  


  

      

          -type version() :: roadrunner_http:version().


      



  


        

      

      
        Functions


        


  
    
      
    
    
      bindings/1



        
          
        

    

  


  

      

          -spec bindings(request()) -> roadrunner_router:bindings().


      


Return the router-captured bindings for this request as a
#{Name => Value} map of binaries.
roadrunner_conn populates this from roadrunner_router:match/3 before
invoking the handler. Empty map when the listener is in single-handler
mode (no router) or the matched route has no :param segments.

  



  
    
      
    
    
      body/1



        
          
        

    

  


  

      

          -spec body(request()) -> iodata().


      


Return the buffered request body bytes as seen by the handler.
The connection process embeds whatever bytes followed the header block
under the body map key before invoking the handler. Auto-mode delivers
the full body as iodata() (an iolist of recv chunks for multi-chunk
bodies, a single binary otherwise) so handlers that only need
iolist_size/1 or gen_tcp:send/2 skip a flatten. Handlers requiring
a flat binary call iolist_to_binary/1 themselves.
Returns <<>> when the request has no body field (e.g. when a request
map is constructed manually outside the connection pipeline).

  



  
    
      
    
    
      client_ip/1



        
          
        

    

  


  

      

          -spec client_ip(request()) -> inet:ip_address() | undefined.


      


Return the client's IP address.
On a listener with the real_ip option, when the request came through a
trusted reverse proxy, this is the address resolved from the forwarding
header: the chain is read right to left, skipping trusted proxies, and the
first untrusted hop is the client (see roadrunner_listener:opts/0). In
every other case it is the peer's address (peer/1), which on a
proxy_protocol listener is already the client the balancer reported.
Returns undefined when the request has no peer.
This is the address to use for per-client decisions: rate limiting, access
logs, geolocation. Unlike forwarded_for/1, it reads only the hops the
listener's trusted proxies added. With trusted_hops, that holds only
while the listener is reachable through the proxies alone.

  



  
    
      
    
    
      delete_private(Key, Req)



        
          
        

    

  


  

      

          -spec delete_private(term(), request()) -> request().


      


Remove Key from the request's private map, returning the updated
request. A no-op when Key is absent. See private/1.

  



  
    
      
    
    
      forwarded_for(Req)



        
          
        

    

  


  

      

          -spec forwarded_for(request()) -> binary() | undefined.


      


Return the leftmost client identifier from the Forwarded header
(RFC 7239) or, if absent, from X-Forwarded-For. Returns undefined
when neither header is set or the Forwarded header has no for=
parameter.
The returned binary is whatever the proxy chose to put there — for
RFC 7239 that's typically an IP literal (192.0.2.60) or a quoted
IPv6+port ([2001:db8::1]:4711); for X-Forwarded-For it's
conventionally just the IP. The caller decides how to parse it.
No trust list is enforced. Anyone who can speak to the listener
directly can spoof these headers — only call this when the deploy
sits behind a trusted reverse proxy that strips/overwrites them. For a
client address that is safe to act on, set the listener's real_ip
option and use client_ip/1.

  



  
    
      
    
    
      has_body/1



        
          
        

    

  


  

      

          -spec has_body(request()) -> boolean().


      


Return whether the request carries a non-empty body.
Returns false for both an absent body field and an empty body.
Handlers can use this as a short-circuit before doing any body-aware
work. Uses iolist_size/1 so the check is O(length of iolist), not
O(total bytes).

  



  
    
      
    
    
      has_header/2



        
          
        

    

  


  

      

          -spec has_header(binary(), request()) -> boolean().


      


Return whether Name is present in the request headers.
Lookup is case-insensitive on Name — same convention as header/2.

  



  
    
      
    
    
      header/2



        
          
        

    

  


  

      

          -spec header(binary(), request()) -> binary() | undefined.


      


Look up a single header value by name. Returns undefined if absent.
The lookup is case-insensitive on Name — the parser already
lowercases header names on the wire, so any-case input is normalized
before searching.

  



  
    
      
    
    
      headers/1



        
          
        

    

  


  

      

          -spec headers(request()) -> headers().


      


Return the full ordered list of {Name, Value} header pairs.

  



  
    
      
    
    
      listener_name/1



        
          
        

    

  


  

      

          -spec listener_name(request()) -> atom() | undefined.


      


Return the atom name of the listener that accepted this request.
Set by roadrunner_conn from proto_opts.listener_name and stable
for the lifetime of the connection. Useful for adapter code that
needs to address the listener (e.g. pg-based broadcasts keyed by
listener name).
undefined for manually-constructed request maps used in tests.

  



  
    
      
    
    
      merge_private(Map, Req)



        
          
        

    

  


  

      

          -spec merge_private(private(), request()) -> request().


      


Merge Map into the request's private map, returning the updated
request. On a key conflict the value from Map wins. See private/1.

  



  
    
      
    
    
      method/1



        
          
        

    

  


  

      

          -spec method(request()) -> binary().


      


Return the request method (uppercase ASCII binary).

  



  
    
      
    
    
      method_is/2



        
          
        

    

  


  

      

          -spec method_is(binary(), request()) -> boolean().


      


Return whether the request method matches the given binary.
Comparison is byte-exact and case-sensitive — the parser already
enforces uppercase methods on the wire, so callers should pass
uppercase too (~"GET", ~"POST", etc.).

  



  
    
      
    
    
      parse_cookies(Req)



        
          
        

    

  


  

      

          -spec parse_cookies(request()) -> [{binary(), binary()}].


      


Parse the Cookie request header into a list of {Name, Value} pairs
via roadrunner_cookie:parse/1.
Returns [] when the request carries no Cookie header.

  



  
    
      
    
    
      parse_qs(Req)



        
          
        

    

  


  

      

          -spec parse_qs(request()) -> [{binary(), binary() | true}].


      


Parse the query string portion of the request target into a list of
{Key, Value} pairs (or {Key, true} for bare flags) via
roadrunner_qs:parse/1.
Returns [] when the target has no query component.

  



  
    
      
    
    
      path/1



        
          
        

    

  


  

      

          -spec path(request()) -> binary().


      


Return the path component of the request-target.
If the target contains a ? query separator, only the bytes before it
are returned. The path is not percent-decoded — that's the
router's job.

  



  
    
      
    
    
      peer/1



        
          
        

    

  


  

      

          -spec peer(request()) -> {inet:ip_address(), inet:port_number()} | undefined.


      


Return the TCP peer ({IpAddress, Port}) for the connection that
delivered this request.
roadrunner_conn populates this from inet:peername/1 once per
connection. Returns undefined when the request map has no peer
field (e.g. constructed manually outside the connection pipeline) or
when the OS call failed at accept time.
On a listener with proxy_protocol => true this is the client address
the upstream balancer reported in its PROXY-protocol header, not the
balancer's socket address. Trust it only behind a balancer that always
prepends the header — the inverse of the forwarded_for/1 warning: the
opt is opt-in precisely because trusting a PROXY header from a peer that
can reach the listener directly would let that peer spoof its own address.

  



  
    
      
    
    
      private/1



        
          
        

    

  


  

      

          -spec private(request()) -> private().


      


Return the request's private map: the framework/middleware scratchpad.
roadrunner core never reads or writes this map; it is purely for
frameworks and middlewares built on roadrunner to thread their own data
through the pipeline to the handler. Keys should be namespaced (a
namespaced atom like arizona_session, or a tuple like {arizona, session}) so independent consumers coexist without collisions.
This is not the request's state field: state/1 returns the user's
opaque per-route handler config, set once in the route spec; private is
a mutable bag accumulated as the request flows. Returns #{} when nothing
has been stored.

  



  
    
      
    
    
      private(Key, Req)



        
          
        

    

  


  

      

          -spec private(term(), request()) -> term() | undefined.


      


Return the value stored under Key in the request's private map, or
undefined when absent. See private/1 for the contract.

  



  
    
      
    
    
      put_private(Key, Value, Req)



        
          
        

    

  


  

      

          -spec put_private(term(), term(), request()) -> request().


      


Store Value under Key in the request's private map, returning the
updated request. Creates the map on first write. See private/1 for the
contract and key-namespacing convention.

  



  
    
      
    
    
      qs/1



        
          
        

    

  


  

      

          -spec qs(request()) -> binary().


      


Return the raw query string portion of the request-target, without the
leading ?. Empty binary when no ? is present (or nothing follows it).
For decoded {Key, Value} pairs, pipe through roadrunner_qs:parse/1.

  



  
    
      
    
    
      read_body(Req)



        
          
        

    

  


  

      

          -spec read_body(request()) -> {ok, iodata(), request()} | {error, term()}.


      


Read the request body in one shot. Works in both auto and manual
body-buffering modes:
	auto (default): the conn already buffered the body before
invoking the handler — this returns the buffered bytes unchanged.
Req is returned as-is.
	manual: the conn parked the body on the socket (on HTTP/2 and
HTTP/3, the stream holds what has arrived, its flow-control credit
given back only as the handler reads). This drains it and returns the bytes. The returned Req2 carries the updated
body-read state — to enable keep-alive on the same connection in
manual mode, hand Req2 back as the second element of the handler's
{Response, Req2} return so the conn can drain whatever the handler
skipped. A client that sent Expect: 100-continue is asked for its
body here, on the first read: a middleware or handler that answers
without reading (a 401 for a bad API key, say) never has it upload
the body, and the connection closes after that response.


  



  
    
      
    
    
      read_body/2



        
          
        

    

  


  

      

          -spec read_body(request(), #{length => non_neg_integer()}) ->
                   {ok, iodata(), request()} | {more, iodata(), request()} | {error, term()}.


      


Read the request body, optionally bounded by length.
Opts may contain length => non_neg_integer(). If absent, behaves
like read_body/1 (drain to end). When set, returns up to Length
bytes per call:
	{ok, Bytes, Req2} — body is fully drained (no more bytes left).
	{more, Bytes, Req2} — more bytes remain; call again with Req2.

Works for both content-length and chunked framing — chunked bodies
are streamed transparently across chunk boundaries up to Length
bytes per call.
In auto mode the body is already buffered, so length has no
effect — the buffered bytes are returned in one shot.

  



  
    
      
    
    
      read_body_chunked/1



        
          
        

    

  


  

      

          -spec read_body_chunked(request()) ->
                           {ok, iodata(), request()} | {more, iodata(), request()} | {error, term()}.


      


Read the next decoded HTTP chunk from a chunked-encoded request body.
Mirrors cowboy's chunk-at-a-time read pattern: each call returns one
chunk's payload. {more, Bytes, Req2} means more chunks remain;
{ok, <<>>, Req2} signals end-of-body (the size-0 last chunk has
been seen).
For non-chunked framing (auto mode, content-length, or no body),
read_body_chunked/1 falls through to read_body/1's behavior — the
buffered body comes back in one shot. The "chunk boundary" concept
only applies to wire-level chunked transfer encoding.
Threading is the same as read_body/1,2: hand Req2 back to the
conn via the {Response, Req2} handler return shape so any unread
chunks get drained for keep-alive.

  



  
    
      
    
    
      read_form(Req)



        
          
        

    

  


  

      

          -spec read_form(request()) ->
                   {ok, urlencoded, [{binary(), binary() | true}], request()} |
                   {ok, multipart, [roadrunner_multipart:part()], request()} |
                   {error, no_content_type | unsupported_content_type | no_boundary | term()}.


      


Read and parse a form-encoded request body. Inspects the request's
Content-Type and dispatches:
	application/x-www-form-urlencoded[; …] →
{ok, urlencoded, [{Name, Value | true}], Req2}. Values are
percent-decoded (and + → space) per roadrunner_qs:parse/1. Bare
flags come back as {Name, true}.
	multipart/form-data; boundary=… →
{ok, multipart, [Part], Req2} where each Part is the map
returned by roadrunner_multipart:parse/2 (#{headers, body}).
{error, no_boundary} if the boundary parameter is missing.

Other content types return {error, unsupported_content_type};
absent Content-Type returns {error, no_content_type}. Reads the
body via read_body/1 (so works in both auto and manual
buffering modes), and threads Req2 back so trailing body bytes
get drained on keep-alive.

  



  
    
      
    
    
      request_id/1



        
          
        

    

  


  

      

          -spec request_id(request()) -> binary() | undefined.


      


Return the per-request correlation token attached by roadrunner_conn.
16 lowercase hex chars (8 bytes of CSPRNG output), unique per request
even on the same keep-alive connection. Mirrored into the conn
process's logger metadata, so any ?LOG_* call in middleware or
the handler is automatically annotated with the same id.
undefined for manually-constructed request maps used in tests.

  



  
    
      
    
    
      scheme/1



        
          
        

    

  


  

      

          -spec scheme(request()) -> http | https.


      


Return the connection scheme — http for plain TCP, https for TLS.
roadrunner_conn sets this once per connection from the transport tag.
Defaults to http for request maps constructed manually outside the
connection pipeline.

  



  
    
      
    
    
      state/1



        
          
        

    

  


  

      

          -spec state(request()) -> term().


      


Return the opaque per-route handler state attached at compile time.
Sources, listed by route shape:
	3-tuple {Path, Handler, State} or map #{path, handler, state}
list entry.
	Listener single-handler {Module, State} tuple or
#{handler, state, ...} map.

Returns undefined for shapes that don't carry state (2-tuple route,
bare-atom single-handler, map without a state key).

  



  
    
      
    
    
      update_private(Key, Fun, Init, Req)



        
          
        

    

  


  

      

          -spec update_private(term(), fun((term()) -> term()), term(), request()) -> request().


      


Update the value under Key in the request's private map by applying
Fun to it, returning the updated request. When Key is absent, it is
seeded with Init (and Fun is not called) — the maps:update_with/4
contract. See private/1.

  



  
    
      
    
    
      version/1



        
          
        

    

  


  

      

          -spec version(request()) -> version().


      


Return the HTTP version tuple ({1,0} or {1,1}).
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Convenience builders for the buffered {Status, Headers, Body}
triple — one of the five shapes a roadrunner handler can return.
Each helper sets Content-Type and Content-Length so handlers
don't repeat the boilerplate. The generic body/3,4 builder backs
the typed text, html, json, and ndjson helpers and is the
escape hatch for any other media type. Every content builder also
has a variant that takes a Headers list, added after the
content-type and content-length (which stay authoritative). Body
framing (Connection: close, Transfer-Encoding, etc.) is still
the connection layer's job — these helpers only fill in what the
handler can know.
These helpers only construct the buffered form
(buffered_response/0). Streaming, loop, sendfile, and
WebSocket-upgrade handlers build their own tuple directly; see
roadrunner_handler:response/0 for the full union.

      


      
        Summary


  
    Types
  


    
      
        buffered_response()

      


    





  
    Functions
  


    
      
        add_header/3

      


        Prepend a header to an existing response triple.



    


    
      
        bad_request()

      


        Empty 400 Bad Request response.



    


    
      
        body(StatusCode, ContentType, Body)

      


        Generic buffered response — set Status, the Content-Type header,
a Content-Length computed from Body, plus any caller Headers.



    


    
      
        body(StatusCode, ContentType, Headers, Body)

      


        Generic buffered response with caller-supplied Headers.



    


    
      
        forbidden()

      


        Empty 403 Forbidden response.



    


    
      
        html(StatusCode, Body)

      


        HTML response with text/html; charset=utf-8.



    


    
      
        html(StatusCode, Headers, Body)

      


        HTML response with text/html; charset=utf-8 and caller-supplied
Headers, added after the content-type and content-length (which
stay authoritative).



    


    
      
        internal_error()

      


        Empty 500 Internal Server Error response.



    


    
      
        json(StatusCode, Term)

      


        JSON response — the term is encoded via the stdlib json module
(OTP 27+) and Content-Type is set to application/json.



    


    
      
        json(StatusCode, Headers, Term)

      


        JSON response with caller-supplied Headers, added after the
content-type and content-length (which stay authoritative).



    


    
      
        method_not_allowed(Allowed)

      


        Empty 405 Method Not Allowed response with an Allow header listing
the permitted methods, comma-separated (RFC 9110 requires Allow on a
405). Pass the uppercase method binaries the resource accepts.



    


    
      
        ndjson(StatusCode, Items)

      


        NDJSON response — each item in Items is framed as one compact JSON
document on its own line via roadrunner_ndjson:item/1, and
Content-Type is set to application/x-ndjson. The buffered companion
to a {stream, ...} handler that pushes roadrunner_ndjson:item/1 per
line; reach for this when the whole list fits in memory.



    


    
      
        ndjson(StatusCode, Headers, Items)

      


        NDJSON response with caller-supplied Headers, added after the
content-type and content-length (which stay authoritative).



    


    
      
        no_content()

      


        Empty 204 No Content response.



    


    
      
        not_found()

      


        Empty 404 Not Found response.



    


    
      
        redirect(StatusCode, Location)

      


        Redirect response — sets the Location header and an empty body.
Use a 3xx status (typically 301, 302, 303, 307, or 308).



    


    
      
        redirect(StatusCode, Headers, Location)

      


        Redirect response with caller-supplied Headers, added after the
Location and content-length (which stay authoritative).



    


    
      
        set_cookie(Resp, Name, Value, Opts)

      


        Add a Set-Cookie header to a response — wraps roadrunner_cookie:serialize/3
so handlers don't have to.



    


    
      
        status(Code)

      


        Empty-body response with an arbitrary status code — handy for
statuses outside the named shortcut set (e.g., 418, 503).



    


    
      
        status(Code, Headers)

      


        Empty-body response with an arbitrary status code and caller-supplied
Headers, added after the content-length (which stays authoritative).
This is the headers path for the fixed-status helpers.



    


    
      
        text(StatusCode, Body)

      


        Plain-text response with text/plain; charset=utf-8.



    


    
      
        text(StatusCode, Headers, Body)

      


        Plain-text response with text/plain; charset=utf-8 and
caller-supplied Headers, added after the content-type and
content-length (which stay authoritative).



    


    
      
        unauthorized()

      


        Empty 401 Unauthorized response.



    





      


      
        Types


        


  
    
      
    
    
      buffered_response()



        
          
        

    

  


  

      

          -type buffered_response() :: {roadrunner_http:status(), roadrunner_http:headers(), iodata()}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add_header/3



        
          
        

    

  


  

      

          -spec add_header(buffered_response(), Name :: binary(), Value :: iodata()) -> buffered_response().


      


Prepend a header to an existing response triple.
The header is added to the front of the list — last-write-wins for
any subsequent lookup. Value may be iodata; it is flattened into a
binary so the wire encoder doesn't have to.

  



  
    
      
    
    
      bad_request()



        
          
        

    

  


  

      

          -spec bad_request() -> buffered_response().


      


Empty 400 Bad Request response.

  



  
    
      
    
    
      body(StatusCode, ContentType, Body)



        
          
        

    

  


  

      

          -spec body(StatusCode :: roadrunner_http:status(), ContentType :: binary(), Body :: iodata()) ->
              buffered_response().


      


Generic buffered response — set Status, the Content-Type header,
a Content-Length computed from Body, plus any caller Headers.
The shared builder behind text/3, html/3, json/3, and
ndjson/3, and the escape hatch for any other media type. The
content-type and content-length come first and stay authoritative;
Headers are additive.

  



  
    
      
    
    
      body(StatusCode, ContentType, Headers, Body)



        
          
        

    

  


  

      

          -spec body(StatusCode :: roadrunner_http:status(),
           ContentType :: binary(),
           Headers :: roadrunner_http:headers(),
           Body :: iodata()) ->
              buffered_response().


      


Generic buffered response with caller-supplied Headers.
Like body/3 with an extra Headers list added after the
content-type and content-length, which stay authoritative.

  



  
    
      
    
    
      forbidden()



        
          
        

    

  


  

      

          -spec forbidden() -> buffered_response().


      


Empty 403 Forbidden response.

  



  
    
      
    
    
      html(StatusCode, Body)



        
          
        

    

  


  

      

          -spec html(StatusCode :: roadrunner_http:status(), Body :: iodata()) -> buffered_response().


      


HTML response with text/html; charset=utf-8.
The charset suffix is intentional — modern browsers default to
ISO-8859-1 absent an explicit charset in the response header,
which is wrong for ~all current content. To match a server that
emits bare text/html (e.g. cowboy's default), override after the
build:
roadrunner_resp:add_header(
    roadrunner_resp:html(200, Body), ~"content-type", ~"text/html"
).
add_header/3 prepends, so the bare value wins on header lookup.

  



  
    
      
    
    
      html(StatusCode, Headers, Body)



        
          
        

    

  


  

      

          -spec html(StatusCode :: roadrunner_http:status(),
           Headers :: roadrunner_http:headers(),
           Body :: iodata()) ->
              buffered_response().


      


HTML response with text/html; charset=utf-8 and caller-supplied
Headers, added after the content-type and content-length (which
stay authoritative).

  



  
    
      
    
    
      internal_error()



        
          
        

    

  


  

      

          -spec internal_error() -> buffered_response().


      


Empty 500 Internal Server Error response.

  



  
    
      
    
    
      json(StatusCode, Term)



        
          
        

    

  


  

      

          -spec json(StatusCode :: roadrunner_http:status(), Term :: term()) -> buffered_response().


      


JSON response — the term is encoded via the stdlib json module
(OTP 27+) and Content-Type is set to application/json.

  



  
    
      
    
    
      json(StatusCode, Headers, Term)



        
          
        

    

  


  

      

          -spec json(StatusCode :: roadrunner_http:status(), Headers :: roadrunner_http:headers(), Term :: term()) ->
              buffered_response().


      


JSON response with caller-supplied Headers, added after the
content-type and content-length (which stay authoritative).

  



  
    
      
    
    
      method_not_allowed(Allowed)



        
          
        

    

  


  

      

          -spec method_not_allowed([binary()]) -> buffered_response().


      


Empty 405 Method Not Allowed response with an Allow header listing
the permitted methods, comma-separated (RFC 9110 requires Allow on a
405). Pass the uppercase method binaries the resource accepts.

  



  
    
      
    
    
      ndjson(StatusCode, Items)



        
          
        

    

  


  

      

          -spec ndjson(StatusCode :: roadrunner_http:status(), Items :: [term()]) -> buffered_response().


      


NDJSON response — each item in Items is framed as one compact JSON
document on its own line via roadrunner_ndjson:item/1, and
Content-Type is set to application/x-ndjson. The buffered companion
to a {stream, ...} handler that pushes roadrunner_ndjson:item/1 per
line; reach for this when the whole list fits in memory.

  



  
    
      
    
    
      ndjson(StatusCode, Headers, Items)



        
          
        

    

  


  

      

          -spec ndjson(StatusCode :: roadrunner_http:status(),
             Headers :: roadrunner_http:headers(),
             Items :: [term()]) ->
                buffered_response().


      


NDJSON response with caller-supplied Headers, added after the
content-type and content-length (which stay authoritative).

  



  
    
      
    
    
      no_content()



        
          
        

    

  


  

      

          -spec no_content() -> buffered_response().


      


Empty 204 No Content response.

  



  
    
      
    
    
      not_found()



        
          
        

    

  


  

      

          -spec not_found() -> buffered_response().


      


Empty 404 Not Found response.

  



  
    
      
    
    
      redirect(StatusCode, Location)



        
          
        

    

  


  

      

          -spec redirect(StatusCode :: roadrunner_http:redirect_status(), Location :: binary()) ->
                  buffered_response().


      


Redirect response — sets the Location header and an empty body.
Use a 3xx status (typically 301, 302, 303, 307, or 308).

  



  
    
      
    
    
      redirect(StatusCode, Headers, Location)



        
          
        

    

  


  

      

          -spec redirect(StatusCode :: roadrunner_http:redirect_status(),
               Headers :: roadrunner_http:headers(),
               Location :: binary()) ->
                  buffered_response().


      


Redirect response with caller-supplied Headers, added after the
Location and content-length (which stay authoritative).

  



  
    
      
    
    
      set_cookie(Resp, Name, Value, Opts)



        
          
        

    

  


  

      

          -spec set_cookie(buffered_response(),
                 Name :: binary(),
                 Value :: binary(),
                 roadrunner_cookie:serialize_opts()) ->
                    buffered_response().


      


Add a Set-Cookie header to a response — wraps roadrunner_cookie:serialize/3
so handlers don't have to.

  



  
    
      
    
    
      status(Code)



        
          
        

    

  


  

      

          -spec status(roadrunner_http:status()) -> buffered_response().


      


Empty-body response with an arbitrary status code — handy for
statuses outside the named shortcut set (e.g., 418, 503).

  



  
    
      
    
    
      status(Code, Headers)



        
          
        

    

  


  

      

          -spec status(roadrunner_http:status(), roadrunner_http:headers()) -> buffered_response().


      


Empty-body response with an arbitrary status code and caller-supplied
Headers, added after the content-length (which stays authoritative).
This is the headers path for the fixed-status helpers.

  



  
    
      
    
    
      text(StatusCode, Body)



        
          
        

    

  


  

      

          -spec text(StatusCode :: roadrunner_http:status(), Body :: iodata()) -> buffered_response().


      


Plain-text response with text/plain; charset=utf-8.

  



  
    
      
    
    
      text(StatusCode, Headers, Body)



        
          
        

    

  


  

      

          -spec text(StatusCode :: roadrunner_http:status(),
           Headers :: roadrunner_http:headers(),
           Body :: iodata()) ->
              buffered_response().


      


Plain-text response with text/plain; charset=utf-8 and
caller-supplied Headers, added after the content-type and
content-length (which stay authoritative).

  



  
    
      
    
    
      unauthorized()



        
          
        

    

  


  

      

          -spec unauthorized() -> buffered_response().


      


Empty 401 Unauthorized response.
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Path → handler dispatch with parameterized segments.
A route is either a tuple shorthand or a map. Both forms share the
same Path and Handler:
	{Path, Handler} — only routes the path; no state, no per-route
middlewares.
	{Path, Handler, State} — adds opaque per-handler state surfaced
via roadrunner_req:state/1.
	#{path => Path, handler => Handler, state => State, middlewares => [Mw, ...], methods => [~"GET", ...]} — full map form. Use this
when you want to attach per-route middlewares, an HTTP-method
allowlist, or any future per-route framework knob. Only path and
handler are required; an absent methods answers every method.

The tuple shorthand intentionally cannot carry middlewares — that
keeps the simple case syntactically light and pushes "more than just
state" to the more verbose map form.
A route may restrict the HTTP methods it answers via the map form's
methods key (a list of uppercase method binaries, e.g.
[~"GET", ~"POST"]). A request whose path matches a route but whose
method is not in that route's list does not match — match/3 keeps
scanning, and if no route on that path accepts the method it returns
{method_not_allowed, Allowed} carrying the union of the methods
declared by the path-matching routes (for a 405 Allow header). A
route with no methods answers every method.
Path is a binary like /users/:id/posts/:post_id. Segments
starting with : capture a single segment into bindings keyed by
the binary name that follows the colon — we deliberately avoid
binary_to_atom/1 on the parsed name to keep the "everything is
binary on the wire" rule we already use for header names.
Segments starting with * (e.g. /static/*path) are wildcard
captures: they consume all remaining path segments and bind them as
a list under the given name. A wildcard must be the last segment in
a pattern; a segment after it could never match, so compile/2
raises {invalid_route_path, Path, wildcard_not_last} rather than
registering a route that can never answer.
Literal segments must match byte-exactly; comparison is
case-sensitive per RFC 3986.
Routes are tried in declaration order, earlier entries win, and
nothing is reordered by specificity. To keep that rule from failing
silently, compile/2 rejects a route the entries above it already
answer in full: write /static/*path above /static/assets/*path
and the second one can never be reached, so compiling raises
{unreachable_route, Position, Path, ShadowedBy} naming both.
Ordering stays the caller's to choose; getting it wrong stops the
listener from booting instead of turning into a 404 in production.
The opaque compiled() shape is a tree keyed on literal segments, so
matching only walks the branches a request's segments can follow instead
of trying every route in turn.

      


      
        Summary


  
    Types
  


    
      
        bindings()

      


        Captured route parameters, populated by match/3.



    


    
      
        compiled()

      


        The compiled-routes representation match/3 consumes. Treat as
opaque: the shape is an implementation detail and may change.



    


    
      
        limits()

      


        A route's request limits the connection reads before dispatch, carried in its
compiled entry so the one dispatch match yields them: undefined for a route
that sets none, else the overrides it declares. A route's rate_limit is not
here: it is a stage of the route's pipeline (roadrunner_route_rate_limit).



    


    
      
        methods()

      


        An HTTP-method allowlist for a route: a list of uppercase method
binaries ([~"GET", ~"POST"]), or undefined to answer every method.
compile/2 turns the list into a #{Method => true} set-map so match
time is an O(1) is_map_key/2 rather than a list scan; methods are
matched byte-exact against roadrunner_req:method/1 (already uppercase
on the wire), so callers must pass uppercase.



    


    
      
        rate_limit()

      


        A route's own per-client request rate: rate requests per period seconds
(default 1), with a burst bucket capacity in requests (default rate). It is
a bucket of its own, kept on top of the listener's rate_limit, so a request
to the route spends from both and either one can refuse it: a client over the
route's rate gets 429 Too Many Requests with Retry-After, ahead of the
route's own middlewares and its handler. The client is the peer, or the
address real_ip resolves behind a trusted proxy, as for the listener's
limit.



    


    
      
        route()

      


        A single route entry. Three shapes are accepted



    


    
      
        routes()

      


        An ordered list of routes; matched first-to-last.



    


    
      
        validation_error()

      


        Why a route table was rejected, as returned by validate/1 and raised by
compile/2.



    





  
    Functions
  


    
      
        compile(Routes, ListenerMws)

      


        Compile a list of routes into the lookup form match/3 expects.



    


    
      
        match(Method, Path, Compiled)

      


        Look up the handler for a given request method + path.



    


    
      
        validate(Routes)

      


        Check a route table without building it, returning the verdict as a value.



    





      


      
        Types


        


  
    
      
    
    
      bindings()



        
          
        

    

  


  

      

          -type bindings() :: #{binary() => binary() | [binary()]}.


      


Captured route parameters, populated by match/3.
:param segments produce a single binary value
(#{~"id" => ~"42"}). *wildcard segments produce the list of
remaining path segments
(#{~"rest" => [~"a", ~"b"]}). Empty for routes with no captures.
Captured values are percent-decoded (/users/caf%C3%A9 binds
<<"café"/utf8>>), consistent with query params; a segment whose
percent-escapes are malformed (a % not followed by two hex digits)
is kept raw. Decoding does not validate UTF-8, so %FF binds the raw
0xFF byte. There is no + -> space translation -- that is a
query-string convention, so a literal + in a path stays a +.
Because decoding happens after the path is split on raw /, a decoded
value can contain a / (%2F), a .., or a leading / — it is not a
single clean path component. A handler that builds a filesystem path or
an outbound URL from a captured value must reject .. and absolute
segments itself; see roadrunner_static for the reference check.

  



  
    
      
    
    
      compiled()



        
          
        

    

  


  

      

          -opaque compiled()


      


The compiled-routes representation match/3 consumes. Treat as
opaque: the shape is an implementation detail and may change.

  



  
    
      
    
    
      limits()



        
          
        

    

  


  

      

          -type limits() :: undefined | #{max_content_length => non_neg_integer()}.


      


A route's request limits the connection reads before dispatch, carried in its
compiled entry so the one dispatch match yields them: undefined for a route
that sets none, else the overrides it declares. A route's rate_limit is not
here: it is a stage of the route's pipeline (roadrunner_route_rate_limit).

  



  
    
      
    
    
      methods()



        
          
        

    

  


  

      

          -type methods() :: [binary()] | undefined.


      


An HTTP-method allowlist for a route: a list of uppercase method
binaries ([~"GET", ~"POST"]), or undefined to answer every method.
compile/2 turns the list into a #{Method => true} set-map so match
time is an O(1) is_map_key/2 rather than a list scan; methods are
matched byte-exact against roadrunner_req:method/1 (already uppercase
on the wire), so callers must pass uppercase.
Matching is literal: a [~"GET"] route does not implicitly answer
HEAD (or any other verb) -- list every method the route accepts.
A present methods must be a non-empty list of binaries; compile/2
raises {invalid_route_methods, _} on an empty list or non-binary
entries (both would otherwise silently reject every request).

  



  
    
      
    
    
      rate_limit()



        
          
        

    

  


  

      

          -type rate_limit() :: #{rate := pos_integer(), period => pos_integer(), burst => pos_integer()}.


      


A route's own per-client request rate: rate requests per period seconds
(default 1), with a burst bucket capacity in requests (default rate). It is
a bucket of its own, kept on top of the listener's rate_limit, so a request
to the route spends from both and either one can refuse it: a client over the
route's rate gets 429 Too Many Requests with Retry-After, ahead of the
route's own middlewares and its handler. The client is the peer, or the
address real_ip resolves behind a trusted proxy, as for the listener's
limit.

  



  
    
      
    
    
      route()



        
          
        

    

  


  

      

          -type route() ::
          {Path :: binary(), Handler :: module()} |
          {Path :: binary(), Handler :: module(), State :: term()} |
          #{path := binary(),
            handler := module(),
            state => term(),
            middlewares => roadrunner_middleware:middleware_list(),
            methods => methods(),
            max_content_length => non_neg_integer(),
            rate_limit => rate_limit()}.


      


A single route entry. Three shapes are accepted:
	{Path, Handler} — shorthand: no state, no middlewares.
	{Path, Handler, State} — shorthand with state only.
	#{path := Path, handler := Handler, state => State, middlewares => Mws, methods => [~"GET", ...], max_content_length => Bytes, rate_limit => RateLimit} — map form; use
this to attach per-route middlewares, an HTTP-method allowlist, a
request-body cap or a request-rate limit.

Path is a binary pattern (literal segments, :param captures, or
*wildcard catch-all). Handler is the module implementing
roadrunner_handler. State is opaque per-route data threaded back
to the handler via roadrunner_req:state/1; unset → undefined. When
the handler exports init_route/1, the handler sees what that returned
for State instead (see compile/2).
methods is a list of uppercase method binaries the route answers;
unset → every method. max_content_length is the route's own request-body
cap in bytes, in place of the listener's (larger or smaller) for the
requests the route answers; unset → the listener's. rate_limit is the
route's own per-client request rate (rate_limit/0), on top of the
listener's rate_limit; unset → only the listener's.

  



  
    
      
    
    
      routes()



        
          
        

    

  


  

      

          -type routes() :: [route()].


      


An ordered list of routes; matched first-to-last.

  



  
    
      
    
    
      validation_error()



        
          
        

    

  


  

      

          -type validation_error() ::
          {invalid_route, route()} |
          {invalid_route_methods, term()} |
          {invalid_route_max_content_length, term()} |
          {invalid_route_rate_limit, term()} |
          {invalid_route_path, binary(), wildcard_not_last} |
          {unreachable_route, pos_integer(), binary(), [{pos_integer(), binary()}]}.


      


Why a route table was rejected, as returned by validate/1 and raised by
compile/2.
	{invalid_route, Route} — the entry is not one of the accepted shapes, or
its path is not a binary / its handler is not a module atom.
	{invalid_route_methods, Methods} — a methods key that is not a non-empty
list of binaries.
	{invalid_route_max_content_length, Value} — a max_content_length key that
is not a non-negative integer.
	{invalid_route_rate_limit, Value} — a rate_limit key that is not a
rate_limit/0 map of positive integers with rate set.
	{invalid_route_path, Path, wildcard_not_last} — a segment after the
pattern's *wildcard, which no request could ever reach.
	{unreachable_route, Position, Path, ShadowedBy} — the entries above this
one already answer its path for every method it declares. Position is the
1-based index in the table and ShadowedBy lists the {Position, Path} of
every earlier route taking work away from it.


  


        

      

      
        Functions


        


  
    
      
    
    
      compile(Routes, ListenerMws)



        
          
        

    

  


  

      

          -spec compile(routes(), roadrunner_middleware:middleware_list()) -> compiled().


      


Compile a list of routes into the lookup form match/3 expects.
Each path is split on / (empty leading/trailing segments dropped),
and segments starting with : are recorded as named captures.
Raises any validation_error/0 before running a middleware
init/1 or a handler init_route/1, so a table that cannot work never
has side effects. Call validate/1 first to get the same verdict as a
value instead.
A handler that exports the optional roadrunner_handler callback
init_route/1 has it run here once per route, with the route's state
(undefined when it sets none); the return becomes the state the
handler sees and the one match/3 reports. A raise in it is re-raised
as {init_route_failed, Path, Handler, Reason}, naming the route.
Only a route left with nothing to answer is unreachable. Two routes
on the same path declaring disjoint methods both stay reachable,
which is how same-path method dispatch works.
ListenerMws is the listener-wide middleware list; it is resolved
once (running each module's init/1 a single time) and reused
across every route, composed outermost around each route's own
middlewares (with any per-route state injected before middlewares
run). The conn loop calls the composed fun straight with the request —
zero closure allocations per request. Pass [] for ListenerMws
when compiling routes outside a listener (typically only in tests).

  



  
    
      
    
    
      match(Method, Path, Compiled)



        
          
        

    

  


  

      

          -spec match(Method :: binary(), Path :: binary(), compiled()) ->
               {ok, module(), bindings(), roadrunner_middleware:next(), term()} |
               {method_not_allowed, [binary()]} |
               not_found.


      


Look up the handler for a given request method + path.
Returns {ok, Handler, Bindings, Pipeline, State} on a match —
Bindings is a map populated with captures from :param segments
(empty for purely literal routes); Pipeline is the pre-composed
next() fun built at compile time (listener mws ++ per-route mws,
optionally wrapped in a state-injecting outermost closure, ending in
fun Handler:handle/1); State is the per-route opaque state
attached by the user at compile time (or undefined when the route
shape didn't carry any). The conn loop just calls Pipeline —
State is for callers who need to introspect a route outside the
request flow.
Method is the uppercase request-method binary. A route with no
methods allowlist answers every method; otherwise the method must be
a member. When a route's path matches but its method does not, the
scan continues (so a later same-path route can answer the method —
that is how same-path method dispatch works). If at least one route's
path matched but none answered the method, returns
{method_not_allowed, Allowed} where Allowed is the sorted,
de-duplicated union of those routes' methods (for a 405 Allow
header). Returns not_found when no compiled route's path matches at
all.

  



  
    
      
    
    
      validate(Routes)



        
          
        

    

  


  

      

          -spec validate(routes()) -> ok | {error, validation_error()}.


      


Check a route table without building it, returning the verdict as a value.
compile/2 runs exactly this and raises on {error, Reason}, so a
table validate/1 accepts is one compile/2 will not reject. Use it
where raising is the wrong answer: roadrunner_listener:reload_routes/2
validates a replacement table this way so a bad one is refused without
disturbing the table already serving.
Covers everything decidable from the table itself: entry shapes, method
allowlists, wildcard placement, and whether every route can be reached.
It does not run middleware init/1 or handler init_route/1, so a
per-route middleware or a handler that rejects its config there still
surfaces at compile/2 time.
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Security-headers middleware: a default-safe set of response headers, the
same handful every browser-facing service hand-rolls, added to every HTTP
response and leaving any header the handler already set untouched.
Wire it into a listener's (or route's) middlewares opt, bare for the
defaults or {roadrunner_security_headers, Config} to tune them:
roadrunner_listener:start_link(my_app, #{
    port => 8080,
    routes => Routes,
    middlewares => [roadrunner_security_headers]
}).
Default set
	Header	Default value	Config key
	x-content-type-options	nosniff	content_type_options
	x-frame-options	SAMEORIGIN	frame_options
	referrer-policy	strict-origin-when-cross-origin	referrer_policy

Each key takes a binary to override the value, or false to drop the header.
Opt-in headers
Two headers carry consequences beyond the current response, so they stay off
until enabled explicitly:
	content-security-policy (content_security_policy => <<"...">>): a
default policy is too application-specific to be safe.
	strict-transport-security (hsts => true | Config): once a browser
sees HSTS it refuses plain HTTP to the host for the whole max-age, even
after the header stops, and include_subdomains extends that to every
subdomain, so a wrong value is a durable outage rather than a one-response
mistake. It is emitted only over HTTPS (per roadrunner_req:scheme/1); a
browser ignores HSTS received over plain HTTP (RFC 6797 §8.1).


hsts => true emits the recommended max-age=31536000; includeSubDomains.
hsts => Config tunes it:
	max_age => non_neg_integer() (default 31536000, one year)
	include_subdomains => boolean() (default true)
	preload => boolean() (default false): opt-in, it commits the host to
the browser preload lists, which is slow to reverse

Precedence and scope
A header the handler already set wins: each default is added only when
absent. Unlike roadrunner_compress, this middleware adds no Vary (its
output conditions on no request header; HSTS keys off the connection scheme,
not a header). It decorates every response shape that carries headers
(buffered, stream, sendfile, and loop), so a file served via sendfile gets
nosniff too. A {websocket, ...} upgrade passes through: its 101 carries
only the handshake headers plus any the handler set, and these defaults do not
belong on a protocol switch.

      


      
        Summary


  
    Types
  


    
      
        config()

      


    


    
      
        hsts_config()

      


    


    
      
        state()

      


        The compiled header set produced by init/1 and consumed by call/3.



    





  
    Functions
  


    
      
        call/3

      


    


    
      
        init(Config)

      


    





      


      
        Types


        


  
    
      
    
    
      config()



        
          
        

    

  


  

      

          -type config() ::
          #{content_type_options => binary() | false,
            frame_options => binary() | false,
            referrer_policy => binary() | false,
            hsts => boolean() | hsts_config(),
            content_security_policy => binary() | false}.


      



  



  
    
      
    
    
      hsts_config()



        
          
        

    

  


  

      

          -type hsts_config() ::
          #{max_age => non_neg_integer(), include_subdomains => boolean(), preload => boolean()}.


      



  



  
    
      
    
    
      state()



        
          
        

    

  


  

      

          -type state() :: #sec{static :: roadrunner_http:headers(), hsts :: binary() | false}.


      


The compiled header set produced by init/1 and consumed by call/3.

  


        

      

      
        Functions


        


  
    
      
    
    
      call/3



        
          
        

    

  


  

      

          -spec call(roadrunner_req:request(), roadrunner_middleware:next(), state()) ->
              roadrunner_handler:result().


      



  



  
    
      
    
    
      init(Config)



        
          
        

    

  


  

      

          -spec init(config()) -> state().
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Server-Sent Events (SSE) encoding helpers.
Pairs naturally with the {loop, ...} handler return: subscribe to a
pubsub topic in handle/1, then call roadrunner_sse:event/1,2,3 from
handle_info/3 to format each event before emitting it via the
Push fun.
Example handler:
-behaviour(roadrunner_handler).
-export([handle/1, handle_info/3]).

handle(Req) ->
    ok = my_pubsub:subscribe(self(), notifications),
    Headers = [
        {~"content-type", ~"text/event-stream"},
        {~"cache-control", ~"no-cache"}
    ],
    {{loop, 200, Headers, undefined}, Req}.

handle_info({notification, Body}, Push, State) ->
    _ = Push(roadrunner_sse:event(~"notify", Body)),
    {ok, State};
handle_info(close, Push, State) ->
    _ = Push(roadrunner_sse:comment(~"bye")),
    {stop, State}.
Per the SSE spec (WHATWG HTML §9.2):
	Each event ends with a blank line (\n\n).
	data: may repeat — newlines in the payload split it into multiple
data: lines, all reassembled into one event by the client.
	event: is optional; an unnamed event dispatches as the generic
message event in the browser.
	id: lets the client resume from the last event seen.
	retry: N tells the client to wait N milliseconds before
reconnecting.
	A line starting with : is a comment — useful for keep-alives over
proxies that close idle connections.


      


      
        Summary


  
    Functions
  


    
      
        comment(Text)

      


        SSE comment line — invisible to the client's event handler but useful
for keep-alives over proxies.



    


    
      
        event(Data)

      


        Anonymous event with just a data payload.



    


    
      
        event(EventName, Data)

      


        Named event with a data payload.



    


    
      
        event(EventName, Data, Id)

      


        Named event with an id (for client-side reconnection resume) and a
data payload.



    


    
      
        retry(Ms)

      


        Tell the client how long (in milliseconds) to wait before retrying
after a connection drop.



    





      


      
        Functions


        


  
    
      
    
    
      comment(Text)



        
          
        

    

  


  

      

          -spec comment(Text :: binary()) -> iodata().


      


SSE comment line — invisible to the client's event handler but useful
for keep-alives over proxies.

  



  
    
      
    
    
      event(Data)



        
          
        

    

  


  

      

          -spec event(Data :: binary()) -> iodata().


      


Anonymous event with just a data payload.

  



  
    
      
    
    
      event(EventName, Data)



        
          
        

    

  


  

      

          -spec event(EventName :: binary(), Data :: binary()) -> iodata().


      


Named event with a data payload.

  



  
    
      
    
    
      event(EventName, Data, Id)



        
          
        

    

  


  

      

          -spec event(EventName :: binary(), Data :: binary(), Id :: binary()) -> iodata().


      


Named event with an id (for client-side reconnection resume) and a
data payload.

  



  
    
      
    
    
      retry(Ms)



        
          
        

    

  


  

      

          -spec retry(Ms :: non_neg_integer()) -> iodata().


      


Tell the client how long (in milliseconds) to wait before retrying
after a connection drop.
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Built-in static file handler.
A route serves either a directory or a single file. For a directory, give
dir and end the route's path in a *path wildcard, which carries the
file's path under dir:
{~"/static/*path", roadrunner_static, #{dir => ~"/var/www"}}
For one file, give file. The route needs no wildcard, and every request
it answers gets that file:
{~"/favicon.ico", roadrunner_static, #{file => ~"/var/www/favicon.ico"}}
Both read the file from disk, set Content-Type from its extension, and
answer 404 when the file is missing (or is not a regular file). A
directory route also answers 404 for any path that contains ... Every
other feature below works the same way in both modes.
Options
The route's state is a map of opts/0:
	dir or file (exactly one is required): a path, as a binary or a
string, or {priv, App, SubPath}
	cache_control: a Cache-Control value (see below)
	symlink_policy: refuse_escapes, follow or refuse (directory
routes only, see below)
	cache_ttl_ms: a non-negative integer or infinity (see below)
	mime_types: extra or replacement content types (see below)

The options are checked once, when the listener starts (and again on
roadrunner_listener:reload_routes/2), by the handler's
init_route/1. An unknown key, a value of the wrong shape, both or
neither of dir and file, or an application code:priv_dir/1 does not
know stops the listener from starting with an error naming the option
(see init_route/1), instead of failing a request later.
A relative path is made absolute against the working directory at that
point. {priv, App, SubPath} is SubPath under the application's
priv directory, looked up once, so a release can serve the assets it
ships without building the path itself:
{~"/assets/*path", roadrunner_static, #{dir => {priv, my_app, ~"static"}}},
{~"/robots.txt", roadrunner_static, #{file => {priv, my_app, ~"robots.txt"}}}
Content-Type
The extension is matched without regard to case, so logo.PNG is served
as image/png. The built-in table covers the common web types:
	Documents and code: .html and .htm (text/html), .css, .js and
.mjs (text/javascript), .json and .map (application/json),
.webmanifest (application/manifest+json), .xml
(application/xml), .txt, .csv, .md, .vtt, .wasm
(application/wasm), .pdf, .zip
	Images: .png, .apng, .jpg, .jpeg, .gif, .webp, .avif,
.bmp, .svg (image/svg+xml), .ico (image/x-icon)
	Fonts: .woff, .woff2, .ttf, .otf (font/*)
	Audio and video: .mp3 (audio/mpeg), .m4a (audio/mp4), .ogg
(audio/ogg), .wav (audio/wav), .mp4 (video/mp4), .webm
(video/webm)

The text/* types carry ; charset=utf-8. Any other extension, and a
file with none, is served as application/octet-stream.
#{mime_types => #{Ext => ContentType}} adds types to the table or
replaces built-in ones for this route. Ext is the extension with its
leading dot and ContentType is the header value, sent verbatim:
{~"/static/*path", roadrunner_static, #{
    dir => ~"/var/www",
    mime_types => #{
        ~".glb" => ~"model/gltf-binary",
        ~".txt" => ~"text/plain; charset=iso-8859-1"
    }
}}
Each key must start with . and each value must be a binary. Keys are
matched without regard to case, like the file's extension: ~".glb" and
~".GLB" both match scene.glb and scene.GLB. Two keys that differ
only in case are refused. The route's types are merged into the built-in
table when the listener starts, so a request does one lookup. A file
route looks its type up once, then.
Precompressed-sibling serving
When a request's Accept-Encoding opts into a compressed encoding
and the requested file has a matching precompressed sibling on disk,
the sibling is served verbatim with the corresponding
Content-Encoding plus Vary: Accept-Encoding. This matches nginx's
gzip_static on behaviour and lets operators pre-compress build
assets once instead of paying the compression cost per request.
Two encodings are negotiated, brotli first:
	Accept-Encoding: br with a <file>.br sibling on disk →
Content-Encoding: br
	Accept-Encoding: gzip with a <file>.gz sibling on disk →
Content-Encoding: gzip

Brotli wins when the client accepts both and the .br sibling
exists; gzip is the fallback. With neither sibling on disk (or
neither encoding accepted) the raw file is served. Roadrunner never
compresses on the fly — it only sendfiles a sibling an operator
placed on disk, so there is no brotli or gzip codec dependency.
Accept-Encoding is matched via plain substring (br, gzip)
rather than full RFC 9110 §12.5.3 qvalue ranking. Browsers and
clients that reach the static path send these tokens plainly.
The original file's ETag is reused for every variant, so a follow-up
If-None-Match returns 304 regardless of which variant was first
served. A Range request disables the precompressed path on that
request — byte offsets over a compressed representation have subtle
semantics and the simple "Range wins" rule matches what nginx does.
The Content-Type always reflects the original file's extension,
not the sibling's.
Cache-Control
#{cache_control => Value} sets a Cache-Control response header,
verbatim, on every cacheable response for the file — the 200 (full
file and any precompressed sibling), the 206 range, and the
304 Not Modified. A 404 or a 416 never carries it, so a missing
file or an unsatisfiable range is never marked cacheable.
The value is an opaque binary the operator controls in full —
roadrunner does not parse, validate, or merge directives. This mirrors
nginx's add_header Cache-Control, where the operator writes the exact
directive string.
The option is off by default. With no cache_control key the responses
are byte-for-byte what they are without it, carrying no Cache-Control
header at all. ETag and Last-Modified only enable conditional
revalidation — a follow-up request that may come back 304 — whereas
Cache-Control is what lets a browser or a CDN reuse the resource from
its own cache without contacting the server at all.
A typical value for content-hashed build assets:
{~"/static/*path", roadrunner_static, #{
    dir => ~"/var/www",
    cache_control => ~"public, max-age=31536000, immutable"
}}
max-age caps how many seconds a cache may reuse the response,
immutable tells browsers not to revalidate during that window, and
public lets shared caches such as CDNs and proxies store it.
Symlink policy
#{symlink_policy => Policy} (default refuse_escapes) controls
how symlinks inside the docroot of a dir route are handled. The policy applies to
the leaf of the requested path — symlinks in intermediate
directories are still followed by the kernel.
	refuse_escapes (default) — symlinks whose target resolves
inside dir are followed; symlinks pointing outside (e.g. an
absolute target like /etc/passwd, or a relative target with
.. segments) return 404. Every link of a chain is checked, so
a link to an in-docroot link that points outside is refused too. Stricter than nginx/Apache defaults
but matches what an operator typically wants for a public
docroot.
	follow — every symlink is followed regardless of where it
points (nginx disable_symlinks off equivalent). Use only when
the docroot's filesystem permissions prevent untrusted writes.
	refuse — every symlink returns 404, even safe in-docroot ones.

A file route always follows its file when it is a symlink, wherever the
link points: the operator named that path, and no request can choose
another one, so there is nothing to escape. Setting symlink_policy on a
file route is refused when the listener starts, since it would have no
effect.
Metadata cache
#{cache_ttl_ms => N} caches the stat result (size, mtime) for
each regular file in a node-global ETS table for N milliseconds. Hot
paths skip the per-request read_link_info syscall after the
first hit. Symlinks always bypass the cache because the policy
gate needs the un-followed lookup (a file route's symlinked file
too).
The default is 0 (disabled). Enabling the cache assumes files
are immutable during the TTL window: the cached size feeds
the Content-Length header while sendfile reads the file fresh
from disk, so a file replaced or resized mid-window produces a
length / body mismatch (truncated or short response). Safe for
deploy-then-restart workflows with versioned-by-hash assets;
unsafe for mutable files (user uploads, dev hot-reload).
Set to a positive integer to opt in (e.g., cache_ttl_ms => 1000),
or infinity for "cache for the lifetime of the listener; only a
listener restart re-stats". nginx's open_file_cache makes the same
trade-off and is also off by default.
Call roadrunner_static:cache_clear/0 to flush every cached entry
without a listener restart — useful after a deploy that swaps files
under an infinity (or long) TTL.

      


      
        Summary


  
    Types
  


    
      
        opts()

      


        The route state roadrunner_static takes, checked when the routes compile
(see the moduledoc for each option). Exactly one of dir and file is
required.



    


    
      
        path()

      


        Where dir or file points: a path, as a binary or a string, or
{priv, App, SubPath} for SubPath under code:priv_dir(App). A
relative path is made absolute against the working directory when the
routes compile.



    


    
      
        siblings()

      


        Precompressed siblings found on disk for a regular file, keyed by
encoding. A key is present only when that sibling is a regular file;
the value is its size in bytes. #{} means neither sibling exists.



    


    
      
        state()

      


        A route's options once init_route/1 has checked them: what the handler
reads on each request. Treat as opaque.



    





  
    Functions
  


    
      
        cache_clear()

      


        Drop every cached static-file metadata entry. Pair with
cache_ttl_ms => infinity (or any TTL longer than your deploy
cycle) to flush stale metadata after replacing files in the
docroot, without restarting the listener.



    


    
      
        handle(Req)

      


    


    
      
        init_route/1

      


        Check the route's opts/0 when the routes compile (listener start and
roadrunner_listener:reload_routes/2) and build the state handle/1
serves from: the resolved dir or file, a {priv, App, SubPath} path
looked up once, the mime_types keys lowercased and merged into the
built-in table, and for file its Content-Type. A bad option raises,
which stops the listener from starting



    





      


      
        Types


        


  
    
      
    
    
      opts()



        
          
        

    

  


  

      

          -type opts() ::
          #{dir => path(),
            file => path(),
            cache_control => binary(),
            symlink_policy => follow | refuse | refuse_escapes,
            cache_ttl_ms => non_neg_integer() | infinity,
            mime_types => #{binary() => binary()}}.


      


The route state roadrunner_static takes, checked when the routes compile
(see the moduledoc for each option). Exactly one of dir and file is
required.

  



  
    
      
    
    
      path()



        
          
        

    

  


  

      

          -type path() :: file:name_all() | {priv, App :: atom(), SubPath :: file:name_all()}.


      


Where dir or file points: a path, as a binary or a string, or
{priv, App, SubPath} for SubPath under code:priv_dir(App). A
relative path is made absolute against the working directory when the
routes compile.

  



  
    
      
    
    
      siblings()



        
          
        

    

  


  

      

          -type siblings() :: #{br => non_neg_integer(), gz => non_neg_integer()}.


      


Precompressed siblings found on disk for a regular file, keyed by
encoding. A key is present only when that sibling is a regular file;
the value is its size in bytes. #{} means neither sibling exists.

  



  
    
      
    
    
      state()



        
          
        

    

  


  

      

          -opaque state()


      


A route's options once init_route/1 has checked them: what the handler
reads on each request. Treat as opaque.

  


        

      

      
        Functions


        


  
    
      
    
    
      cache_clear()



        
          
        

    

  


  

      

          -spec cache_clear() -> ok.


      


Drop every cached static-file metadata entry. Pair with
cache_ttl_ms => infinity (or any TTL longer than your deploy
cycle) to flush stale metadata after replacing files in the
docroot, without restarting the listener.

  



  
    
      
    
    
      handle(Req)



        
          
        

    

  


  

      

          -spec handle(roadrunner_req:request()) -> roadrunner_handler:result().


      



  



  
    
      
    
    
      init_route/1



        
          
        

    

  


  

      

          -spec init_route(opts()) -> state().


      


Check the route's opts/0 when the routes compile (listener start and
roadrunner_listener:reload_routes/2) and build the state handle/1
serves from: the resolved dir or file, a {priv, App, SubPath} path
looked up once, the mime_types keys lowercased and merged into the
built-in table, and for file its Content-Type. A bad option raises,
which stops the listener from starting:
	{unknown_static_opt, Key} for a key that is not an option
	{invalid_static_opt, Key, Value} for a value of the wrong shape (for a
bad mime_types entry, Value is that {Ext, ContentType} entry)
	{static_app_not_found, Key, App} when code:priv_dir(App) knows no
such application
	{static_opt_conflict, dir, file} when both are set, and
{static_opt_conflict, file, symlink_policy} for a policy on a file route
	{missing_static_opt, dir_or_file} when neither is set
	{invalid_static_opts, Opts} when the state is not a map
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URI percent-encoding helpers (RFC 3986 §2.1).
Pure binary in / binary out. Used by roadrunner_qs and the eventual router.

      


      
        Summary


  
    Functions
  


    
      
        percent_decode(Bin)

      


        Decode a percent-encoded binary.



    


    
      
        percent_encode(Bin)

      


        Percent-encode a binary per RFC 3986.



    





      


      
        Functions


        


  
    
      
    
    
      percent_decode(Bin)



        
          
        

    

  


  

      

          -spec percent_decode(binary()) -> {ok, binary()} | {error, badarg}.


      


Decode a percent-encoded binary.
Replaces every %HH triple with the byte it encodes. Hex digits are
case-insensitive. Returns {error, badarg} if % is not followed by
exactly two hex digits — including a lone % at end of input.

  



  
    
      
    
    
      percent_encode(Bin)



        
          
        

    

  


  

      

          -spec percent_encode(binary()) -> binary().


      


Percent-encode a binary per RFC 3986.
Bytes in the unreserved set (ALPHA / DIGIT / - / . / _ / ~) pass
through unchanged; every other byte is replaced by %HH with uppercase
hex digits (per RFC 3986 §2.1 normalization recommendation).
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WebSocket protocol primitives (RFC 6455 + RFC 7692).
Owns the protocol-level types (opcode/0, frame/0, close_code/0)
referenced by roadrunner_ws_handler callback signatures, plus the
permessage-deflate extension shape negotiated during the handshake.
The exported wire-level functions (frame parse/encode, handshake
response builder, extension negotiation) are framework plumbing
called from roadrunner_ws_session. They're not part of the
documented public API — implement roadrunner_ws_handler to write
WebSocket endpoints and let the framework deliver already-parsed
frames.

      


      
        Summary


  
    Types
  


    
      
        close_code()

      


        Close status codes a server is permitted to send per RFC 6455 §7.4.
1004/1005/1006 are reserved (MUST NOT appear on the wire);
1012/1013 are unassigned. 3000-3999 is the IANA-registered range,
4000-4999 is for application-private use.



    


    
      
        encode_opts()

      


        Encode-side options for encode_frame/4.



    


    
      
        frame()

      


        A parsed WebSocket frame. payload is the post-unmask (and
post-reassembly + post-inflate, when delivered to a handler) bytes
the application should treat as the message body. rsv1 carries
the RFC 7692 compression flag when permessage-deflate was
negotiated; otherwise always false.



    


    
      
        frame_error()

      


    


    
      
        negotiated()

      


        The outcome of extension negotiation during the upgrade handshake.
none means no extension was offered or accepted;
{permessage_deflate, Params, ResponseHeaderValue} means RFC 7692
was negotiated with the given parameters, and ResponseHeaderValue
is the value placed in the response's Sec-WebSocket-Extensions
header.



    


    
      
        opcode()

      


        WebSocket frame opcodes (RFC 6455 §11.8). continuation only
appears on the wire — the session reassembles fragmented messages
before dispatching to roadrunner_ws_handler:handle_frame/2, so
handlers see text or binary for data and ping/pong/close
for control. Outbound replies use text, binary, ping, pong,
or close.



    


    
      
        parse_opts()

      


        Parse-side options for parse_frame/2.



    


    
      
        permessage_deflate_params()

      


        Negotiated permessage-deflate parameters per RFC 7692 §7.1.
Window-bits values are zlib's (8..15). The *_no_context_takeover
flags mirror the request; when true, the corresponding zlib
context is reset after every message.



    





      


      
        Types


        


  
    
      
    
    
      close_code()



        
          
        

    

  


  

      

          -type close_code() :: 1000..1003 | 1007..1011 | 1014 | 3000..4999.


      


Close status codes a server is permitted to send per RFC 6455 §7.4.
1004/1005/1006 are reserved (MUST NOT appear on the wire);
1012/1013 are unassigned. 3000-3999 is the IANA-registered range,
4000-4999 is for application-private use.

  



  
    
      
    
    
      encode_opts()



        
          
        

    

  


  

      

          -type encode_opts() :: #{rsv1 => boolean()}.


      


Encode-side options for encode_frame/4.
	rsv1 — set the RSV1 bit on the emitted frame. The caller is
responsible for ensuring an extension that uses the bit is in
effect (RFC 7692 permessage-deflate).


  



  
    
      
    
    
      frame()



        
          
        

    

  


  

      

          -type frame() :: #{fin := boolean(), rsv1 := boolean(), opcode := opcode(), payload := binary()}.


      


A parsed WebSocket frame. payload is the post-unmask (and
post-reassembly + post-inflate, when delivered to a handler) bytes
the application should treat as the message body. rsv1 carries
the RFC 7692 compression flag when permessage-deflate was
negotiated; otherwise always false.

  



  
    
      
    
    
      frame_error()



        
          
        

    

  


  

      

          -type frame_error() ::
          bad_opcode | bad_rsv | not_masked | fragmented_control | control_frame_too_large | bad_length.


      



  



  
    
      
    
    
      negotiated()



        
          
        

    

  


  

      

          -type negotiated() ::
          none | {permessage_deflate, permessage_deflate_params(), ResponseHeaderValue :: binary()}.


      


The outcome of extension negotiation during the upgrade handshake.
none means no extension was offered or accepted;
{permessage_deflate, Params, ResponseHeaderValue} means RFC 7692
was negotiated with the given parameters, and ResponseHeaderValue
is the value placed in the response's Sec-WebSocket-Extensions
header.

  



  
    
      
    
    
      opcode()



        
          
        

    

  


  

      

          -type opcode() :: continuation | text | binary | close | ping | pong.


      


WebSocket frame opcodes (RFC 6455 §11.8). continuation only
appears on the wire — the session reassembles fragmented messages
before dispatching to roadrunner_ws_handler:handle_frame/2, so
handlers see text or binary for data and ping/pong/close
for control. Outbound replies use text, binary, ping, pong,
or close.

  



  
    
      
    
    
      parse_opts()



        
          
        

    

  


  

      

          -type parse_opts() :: #{allow_rsv1 => boolean(), pre_unmasked => binary()}.


      


Parse-side options for parse_frame/2.
	allow_rsv1 — surface the RSV1 bit in the returned frame map.
Set once permessage-deflate (RFC 7692) is negotiated. RSV2 and
RSV3 are always rejected; no IETF extension uses them.
	pre_unmasked — caller-supplied already-unmasked payload. When
this matches the frame's length, parse_frame/2 skips its own
unmask pass and uses the supplied bytes directly.


  



  
    
      
    
    
      permessage_deflate_params()



        
          
        

    

  


  

      

          -type permessage_deflate_params() ::
          #{server_max_window_bits := 8..15,
            client_max_window_bits := 8..15,
            server_no_context_takeover := boolean(),
            client_no_context_takeover := boolean()}.


      


Negotiated permessage-deflate parameters per RFC 7692 §7.1.
Window-bits values are zlib's (8..15). The *_no_context_takeover
flags mirror the request; when true, the corresponding zlib
context is reset after every message.

  


        

      


  

  
    
    roadrunner_ws_handler - roadrunner v0.11.1
    
    

    


  
  

    
roadrunner_ws_handler behaviour
    



      
Behaviour for WebSocket handlers.
After a successful upgrade — signaled by a regular roadrunner_handler
returning {websocket, Module, State} (or {websocket, Module, State, Headers} to add headers to the 101) — the connection process
drives a frame loop that calls handle_frame/2 for each non-control
frame received from the client.
Control frames (ping/close) are auto-handled by the connection
layer and never reach the user callback. The handler may reply
with zero or more frames (each {Opcode, Payload} — always
Fin = true) or signal close to terminate the session gracefully:
	{close, State} sends an empty close frame (RFC 6455 §5.5.1
permits this).
	{close, Code, Reason, State} sends a close frame carrying the
status code and reason text. Code must be a code the spec
permits the server to send (1000-1003, 1007-1011, 1014, or
3000-4999 per RFC 6455 §7.4). Reason is iodata that must be
valid UTF-8. The framework crashes the session on invalid
Code / Reason rather than emit a malformed close frame.

State is passed through unchanged by the framework.
The 4-tuple {reply, Frames, NewState, Opts} and 3-tuple
{ok, NewState, Opts} variants accept an opt list. Currently
recognized opt:
	hibernate — after the framework finishes processing this event
(and any other queued events), the session process hibernates
until the next inbound frame. Useful for mostly-idle WebSocket
endpoints (chat, notifications, LiveView channels) — drops the
per-process heap to ~1KB and saves significant memory at scale.
Hibernation has a per-wake CPU cost (~tens of microseconds for
the GC), so don't enable it for high-frequency frame patterns.

The optional init/1 callback runs once in the session process
after the 101 has been written to the wire and before the first
frame is read. It receives the state passed via the upgrade tuple
and may emit zero or more frames or close immediately. Use it to
register pubsub subscriptions, start linked workers, or push
priming frames at connect-time (e.g. a snapshot the client
expects before sending its first frame).
The optional handle_info/2 callback receives any Erlang message
delivered to the session process that is not a transport
active-mode tuple (data/closed/error). Use it for pubsub /
asynchronous push patterns where the handler subscribes to topics
in init/1 or handle_frame/2 and forwards inbound messages to
the WebSocket peer. Handlers that don't export this callback have
unknown messages dropped silently.
A terminate callback is intentionally NOT provided — most handlers
don't need bespoke teardown, and the conn process's drain plus
listener slot reconciliation cover the lifecycle bookkeeping.
All callbacks share the same return shape — {reply, Frames, NewState}, {ok, NewState}, {close, NewState}, or
{close, Code, Reason, NewState}, optionally with a 4-tuple
Opts list for hibernate on the reply / ok shapes.

      


      
        Summary


  
    Types
  


    
      
        opt()

      


        Per-event option flags. Currently only hibernate is recognized;
when included in a 4-tuple callback return, the framework hibernates
the session process after the event finishes processing.



    


    
      
        result()

      


        Unified return shape for all roadrunner_ws_handler callbacks.



    





  
    Callbacks
  


    
      
        handle_drain(Deadline, State)

      


        Optional. Fires when the listener broadcasts {roadrunner_drain, Deadline} (typically during a deploy via
roadrunner_listener:drain/2 or roadrunner_listener:notify_drain/2).
The session pid is auto-joined into the listener's pg drain group at
upgrade time, so every WS session sees the broadcast.



    


    
      
        handle_frame(Frame, State)

      


        Invoked for each non-control frame received from the client, after
the framework has reassembled fragmented messages (so the handler
always sees a complete text or binary payload). Returns one of
the result/0 shapes: reply with frames, stay open, close
gracefully, or close with a code + reason. Control frames
(ping/pong/close) are auto-handled by the framework and
never reach this callback.



    


    
      
        handle_info(Info, State)

      


        Optional. Receives any Erlang message delivered to the session
process that isn't a transport active-mode event. Use for
pubsub / asynchronous push patterns. Returns the same shape as
handle_frame/2. Handlers that don't export this callback have
unknown messages dropped silently.



    


    
      
        init(State)

      


        Optional. Runs once in the session process after the 101 has been
written to the wire and before the first frame is read, with the
state from the upgrade tuple {websocket, Module, State[, Headers]}. Use it
to register pubsub subscriptions, start linked workers, or push
priming frames at connect-time. Returns the same shape as
handle_frame/2. Handlers that don't export this callback skip
the init step.



    





      


      
        Types


        


  
    
      
    
    
      opt()



        
          
        

    

  


  

      

          -type opt() :: hibernate.


      


Per-event option flags. Currently only hibernate is recognized;
when included in a 4-tuple callback return, the framework hibernates
the session process after the event finishes processing.

  



  
    
      
    
    
      result()



        
          
        

    

  


  

      

          -type result() ::
          {reply, Frames :: [{roadrunner_ws:opcode(), iodata()}], NewState :: term()} |
          {reply, Frames :: [{roadrunner_ws:opcode(), iodata()}], NewState :: term(), [opt()]} |
          {ok, NewState :: term()} |
          {ok, NewState :: term(), [opt()]} |
          {close, NewState :: term()} |
          {close, Code :: roadrunner_ws:close_code(), Reason :: iodata(), NewState :: term()}.


      


Unified return shape for all roadrunner_ws_handler callbacks.
	{reply, Frames, NewState} — emit each {Opcode, Payload} frame
(always with FIN=true) and keep the session open.
	{reply, Frames, NewState, Opts} — same, with an opt list (e.g.
[hibernate]).
	{ok, NewState} — no outbound frames, keep the session open.
	{ok, NewState, Opts} — same, with an opt list.
	{close, NewState} — send an empty close frame and terminate.
	{close, Code, Reason, NewState} — send a close frame carrying
Code (RFC 6455 §7.4 server-permitted code) and UTF-8 Reason.
The framework crashes the session if Code / Reason is invalid
rather than emit a malformed close.


  


        

      

      
        Callbacks


        


  
    
      
    
    
      handle_drain(Deadline, State)


        (optional)


        
          
        

    

  


  

      

          -callback handle_drain(Deadline :: integer(), State :: term()) -> result().


      


Optional. Fires when the listener broadcasts {roadrunner_drain, Deadline} (typically during a deploy via
roadrunner_listener:drain/2 or roadrunner_listener:notify_drain/2).
The session pid is auto-joined into the listener's pg drain group at
upgrade time, so every WS session sees the broadcast.
Deadline is the integer monotonic-time millisecond after which the
listener will hard-kill conns that haven't wound down. Handlers can
subtract erlang:monotonic_time(millisecond) to compute remaining
grace.
Returns the same shape as handle_frame/2: push final frames, keep
the session open, or close gracefully (typically {close, 1000, ~"", NewState} so the client reconnects to the new server version).
Handlers that don't export this callback let the session keep
running until the deadline expires; the listener then sends
exit(Pid, shutdown).

  



  
    
      
    
    
      handle_frame(Frame, State)



        
          
        

    

  


  

      

          -callback handle_frame(Frame :: roadrunner_ws:frame(), State :: term()) -> result().


      


Invoked for each non-control frame received from the client, after
the framework has reassembled fragmented messages (so the handler
always sees a complete text or binary payload). Returns one of
the result/0 shapes: reply with frames, stay open, close
gracefully, or close with a code + reason. Control frames
(ping/pong/close) are auto-handled by the framework and
never reach this callback.

  



  
    
      
    
    
      handle_info(Info, State)


        (optional)


        
          
        

    

  


  

      

          -callback handle_info(Info :: term(), State :: term()) -> result().


      


Optional. Receives any Erlang message delivered to the session
process that isn't a transport active-mode event. Use for
pubsub / asynchronous push patterns. Returns the same shape as
handle_frame/2. Handlers that don't export this callback have
unknown messages dropped silently.

  



  
    
      
    
    
      init(State)


        (optional)


        
          
        

    

  


  

      

          -callback init(State :: term()) -> result().


      


Optional. Runs once in the session process after the 101 has been
written to the wire and before the first frame is read, with the
state from the upgrade tuple {websocket, Module, State[, Headers]}. Use it
to register pubsub subscriptions, start linked workers, or push
priming frames at connect-time. Returns the same shape as
handle_frame/2. Handlers that don't export this callback skip
the init step.
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