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    snodo

[image: Compatibility]
[image: Protocol regression]
[image: Hex.pm]
[image: Docs]
[image: Elixir]
[image: License: MIT]
An Elixir library for building Model Context Protocol
servers and clients. It speaks MCP 2026-07-28, with opt-in support for
initialize-era clients (2025-11-25 and 2025-06-18) over HTTP and stdio.
The client speaks all three versions and negotiates one when it connects.
snodo is at 0.x: the API may change between minor versions until 1.0.
	Servers from inline blocks or ordinary modules, served over stdio, a
built-in Streamable HTTP listener, or Plug and Bandit.
	A client that calls any MCP server in process, over stdio, or over HTTP.
	The 2026-07-28 surface: discovery, tools, resources and templates,
prompts, completion, pagination, subscriptions/listen, progress,
cancellation, and multi round-trip requests with elicitation.
	No runtime dependencies in the core: it uses Elixir's built-in JSON
and OTP. Optional sibling packages add Tasks, Plug, OAuth 2.1 resource
server support, full JSON Schema validation, and :telemetry events.
An optional proxy package fronts multiple MCP backends.

Packages
	Package	Adds	Docs
	snodo	Protocol core, router, server DSL, client, stdio and HTTP transports	HexDocs
	snodo_plug	Snodo.Transport.Plug for Plug and Bandit applications	HexDocs
	snodo_jsv	Full JSON Schema 2020-12 validation through JSV	HexDocs
	snodo_oauth	OAuth 2.1 resource server plugs (protected resource metadata, bearer token verification, scope policy) and the client authorization flows for Snodo.Client	HexDocs
	snodo_telemetry	Snodo.Instrumentation.Telemetry, an instrumentation sink that emits :telemetry events	HexDocs
	snodo_proxy	Aggregating proxy for MCP backends	HexDocs
	snodo_tasks	The io.modelcontextprotocol/tasks extension with an application-owned store and runner	HexDocs
	snodo_tasks_postgres	PostgreSQL store for Tasks	HexDocs
	snodo_tasks_sqlite	SQLite store for Tasks	HexDocs

Add the packages you need to mix.exs. Each sibling brings snodo with it:
def deps do
  [
    {:snodo, "~> 0.4.1"},
    {:snodo_plug, "~> 0.4.1"}
  ]
end
Elixir 1.18 or later is required. The sibling packages live in this repository
under integrations/ and extensions/.
Quick start
A server with one tool, one resource template, and one prompt:
defmodule Greeter do
  use Snodo.Server, name: "greeter", version: "0.1.0"

  tool "greet", description: "Create a greeting" do
    argument "name", :string, required: true

    @impl true
    def call(%{"name" => name}, _context), do: {:ok, "Hello, #{name}!"}
  end

  resource "profile", uri_template: "people://{name}/profile", mime_type: "application/json" do
    @impl true
    def read(%{"name" => name}, _context), do: {:ok, %{"name" => name}}
  end

  prompt "introduce", description: "Introduce someone" do
    argument "name", required: true

    @impl true
    def render(%{"name" => name}, _context), do: {:ok, "Introduce #{name} in one sentence."}
  end
end
Call it in process with Snodo.Client:
{:ok, client} = Snodo.Client.direct(Greeter.runtime())

{:ok, [%{"name" => "greet"}]} = Snodo.Client.list_tools(client)
{:ok, result} = Snodo.Client.call_tool(client, "greet", %{"name" => "Ada"})
result["content"]
#=> [%{"type" => "text", "text" => "Hello, Ada!"}]
Serve it over stdio from a script or release:
:ok = Snodo.Transport.Stdio.serve(Greeter.runtime())
or over HTTP, supervised:
children = [{Snodo.Transport.StreamableHTTP.Server, runtime: Greeter.runtime(), port: 4000}]
The same client connects to either:
{:ok, client} = Snodo.Client.connect({:stdio, "elixir", ["greeter.exs"]})
{:ok, client} = Snodo.Client.connect({:http, "http://127.0.0.1:4000/mcp"})
Guides
	Getting started
	Tools, resources, and prompts
	The client
	Transports
	Choosing packages for an application
	Interactive operations (MRTR and elicitation)
	Subscriptions
	Authorization
	Extensions and Tasks
	Instrumentation
	Initialize-era clients
	Supported Elixir, OTP, and databases
	Protocol compliance

The examples are runnable scripts, each checked in CI.
Protocol support
2026-07-28 is the default and only required dialect. For clients that still
send initialize, enable the older dialects on the server:
use Snodo.Server,
  name: "greeter",
  version: "0.1.0",
  protocols: [Snodo.Protocol.V2026_07_28, Snodo.Protocol.V2025_11_25, Snodo.Protocol.V2025_06_18]
They cover tools, resources, prompts, completion, and pagination, over HTTP
without sessions and over stdio. They add no session storage.
Against the frozen official conformance suite, all 37 2026-07-28 server
scenarios pass; that is the pinned runner's score, not a claim of full revision
conformance. On the client side, 31 of 32 pass, including the 25 that cover
OAuth with snodo_oauth as the token provider; the other one is excluded from
the score because a 2026-07-28 client sends no initialize. Pinned to
2025-11-25, the client passes 16 of 18, including all 14 that cover OAuth. The compliance guide lists
what is measured and what is not. Design records from the project's history are
in docs/history.
Development
mix setup            # fetch dependencies for every package; rerun after a mix.lock changes
mix quality          # format, compile, Credo, tests, examples, and every sibling package
mix quality.types    # Dialyzer across all nine packages
mix snodo.contract   # the protocol contract inventory

Conformance and interop checks against the official TypeScript and Python clients live in
conformance/ and interop/, and run in CI. Releases are made with
release-please; see
RELEASING.md.
Contributing
Open issues are labeled by priority, size, and area, and good first issue
marks small, well-scoped starting points.
CONTRIBUTING.md
describes the workflow.
AGENTS.md lists
the setup, the gate commands CI runs, and the project's constraints, for people
and coding agents alike. Report security problems privately, as described in
SECURITY.md.
License
MIT. See LICENSE.


  

    Changelog

0.4.1 (2026-10-02)
Features
	add aggregating proxy package (#243) (6a3f69c)
	add per-component middleware (#242) (5b36942)
	cache Snodo.Client responses from server hints (#240) (15ebbf6)
	experiment with generated GenServer tools (#241) (2ece745)
	expose requested URI to resource-template policies (#225) (fd71e57)
	expose W3C trace context to handlers and instrumentation (#233) (9d52692)
	optionally conceal authorization refusals (#231) (2991c45)
	render MCP catalogs as Markdown (#235) (326f6e0)
	send extension routing headers from the HTTP client (#214) (50be287)
	support OAuth on the native HTTP listener (#222) (90fc323)

Bug Fixes
	bound method in dispatch instrumentation (#226) (67c5876)
	close Plug streams when their executor exits (#228) (3377fc3)
	close subscription sources across handoff races (#232) (bc4b943)
	count only HTTP headers against the header limit (#212) (306d719)
	reject duplicate keys in JSON objects (#224) (0c0d1b8)
	release request-only data from open subscriptions (#230) (2e9a08e)
	warn on public native HTTP binds (#223) (7035549)

Performance Improvements
	reuse compiled validation schemas (#238) (70e5e4f)
	reuse HTTP connections in Snodo.Client (#239) (11b0b9f)

0.4.0 (2026-10-01)
⚠ BREAKING CHANGES
	Snodo.Resource.Template.compile/1 returns {:error, reason} naming the unsupported shape instead of :unsupported, and the struct has new fields. Three kinds of template that compiled and matched URIs before are now refused at compile time: a variable name with a leading dot ({.ext}, {..}), which is RFC 6570 label expansion and before was read as a variable named ".ext"; templates longer than 1,024 bytes; and templates with more than 32 variables. A resource module whose :uri_template is outside the supported shapes and that does not define matches?/1 is now a compile error naming the shape; before, it compiled and matched no URI. A module that defines its own matches?/1 for such a template compiles as before, with or without @impl.

Features
	RFC 6570 resource templates (#204) (5c10d2f)
	Tasks client API (#205) (7e8fca2)

Bug Fixes
	client follow-ups from the #184 and #187 reviews (#202) (5e007b2)
	grant the SQLite write slot to store writers in arrival order (#199) (7d7ed35)

0.3.2 (2026-09-30)
Features
	add snodo_oauth resource server package (#181) (5d44db2)
	answer input requests automatically in Snodo.Client (#179) (6d758d1)
	drain the native HTTP listener on shutdown (#190) (e25800c)
	ExUnit assertions for testing servers (#191) (6452f1e)
	forward instrumentation events to :telemetry (#182) (0e783ad)
	key identifiers for sealed MRTR request state (#192) (ecd5e14)
	nested arguments and output schemas in the tool DSL (#193) (24f890a)
	OAuth client support for Snodo.Client (#186) (af79ddb)
	open subscriptions/listen streams in Snodo.Client (#184) (fa10710)
	sampling and roots as MRTR input requests (#180) (1cf6cf1)
	sampling and roots handler kinds in Snodo.Client (#185) (451165a)
	Snodo.Client speaks the initialize-era protocol versions (#187) (ebc3504)

0.3.1 (2026-09-29)
Features
	add reusable Tasks store contract tests (#172) (6b03f90)
	add title, icons, and metadata to tool definitions (#169) (6e04d22)
	attest release tarballs (#175) (550acf1)
	deliver progress notifications in Snodo.Client (#177) (361595b)

Bug Fixes
	exclude repository Mix tasks from sibling packages (#168) (d785636)

Performance Improvements
	index Hub resource subscriptions by URI (#173) (1238f05)

0.3.0 (2026-09-27)
⚠ BREAKING CHANGES
	snodo_plug answers 411 to a request that declares Transfer-Encoding, without reading its body. Send request bodies with Content-Length, as the native listener already requires.
	a Tasks store started without :scope fails to start. Pass a scope function, or scope: :shared for the previous behavior.

Bug Fixes
	apply the authorization policy to resource subscriptions and cache hints (#117) (27aaeeb)
	authorize and validate task work before storing it (#115) (aad5c04)
	bound HTTP connections and subscription streams (#114) (13b9352)
	bound integer literals in Snodo.Client HTTP responses (#130) (dd0cb23)
	bound integer literals, request ids, and progress tokens (#118) (a71e499)
	bound memory for an unterminated stdio line (#125) (e22a878)
	bound Snodo.Client response sizes and page counts (#119) (6e1f785), closes #88
	bound Tasks workers, task counts, lifetimes, and inputs (#123) (098b478)
	bound the whole request body in snodo_plug (#138) (10789ba)
	count only digits in the JSON integer literal limit (#134) (b2f049d)
	make subscription filter checks linear and cap resource URIs (#113) (f125936)
	require an explicit scope in every Tasks store (#121) (bbc258f)
	stop orphaned subscription workers and bound request bodies (#135) (0f1c8bf), closes #127

0.2.1 (2026-09-27)
Features
	serve initialize-era clients over stdio (#75) (2a4d68c)

0.2.0 (2026-09-26)
⚠ BREAKING CHANGES
	tool content results carry kind :content instead of :resource.
	Snodo.Result has no error field, and Result.error/2 no longer takes an :error option.

Features
	add Result.content/2 and deprecate Result.resource/2 (closes #59) (#72) (68c9340)

Bug Fixes
	accept a bare authorization module in Router.dispatch/5 (closes #56) (#65) (456c816)
	build the compliance report from the retained conformance run (closes #62) (#73) (04e4685)
	deprecate Cancellation.cancel/2, whose reason is discarded (closes #57) (#70) (3d9e1cd)
	explain a disabled protocol in Snodo.Test.dispatch/2 (closes #60) (#66) (3361a3d)
	validate the Snodo.Tool description at compile time (closes #61) (#67) (45b0531)

Code Refactoring
	remove the unread error field from Snodo.Result (closes #58) (#71) (30aad07)

0.1.0 (2026-09-26)
⚠ BREAKING CHANGES
	rename mcp_ex to snodo (#11)

Features
	add application authorization across discovery and dispatch (#6) (6e35765)
	add inline components and Simple resources and prompts (#10) (927d73d)
	add MCP.Client for in-process dispatch (#8) (466fb8c)
	add ordinary MRTR and elicitation workflows (4914e1b)
	add stdio and HTTP transports to MCP.Client (#9) (8d1d81e)
	application stack, progress notifications, and conformance regression gate (#1) (d3b3041)
	close the four target-application findings (69f44a7)
	mirror and validate Mcp-Param headers for x-mcp-header arguments (closes #25) (#40) (ffa35c3)
	send clientInfo in request _meta from Snodo.Client (closes #37) (#47) (3afe710)
	support initialize-era HTTP clients alongside 2026 (closes #3) (#4) (bb43399)

Bug Fixes
	add Host validation and tighten Origin checks on HTTP transports (closes #23) (#33) (638c26e)
	bound stdio frame size and strip a leading BOM (closes #21) (#32) (37ae8a5)
	do not answer JSON-RPC responses or malformed notifications (closes #18) (#28) (3f92dd1)
	harden URI template matching boundaries (8d802fa)
	keep initialize-era tools/list available when a tool has a non-object schema (closes #24) (#39) (d093711)
	keep non-ASCII text intact over stdio (#26) (6f46a63)
	restore green CI on main (#7) (892788e)
	restore the executor's :mcp_execution message tag (#31) (aa96bed)
	return tool input validation failures as isError results (closes #13) (#30) (c48d6ea)
	treat client disconnect as cancellation in the Plug adapter (closes #19) (#34) (740c1cb)
	use HTTP 200 for JSON-RPC errors on initialize-era dialects (closes #14) (#29) (dbb3b5f)
	widen the sibling packages' dependency requirements (#50) (0413261)

Code Refactoring
	rename mcp_ex to snodo (#11) (84bf194)



  

    Getting started

This guide builds a small MCP server, calls it in process, and serves it over
stdio and HTTP.
Install
Add snodo to your dependencies:
def deps do
  [
    {:snodo, "~> 0.4.1"}
  ]
end
For a Plug or Bandit application, also add snodo_plug:
{:snodo_plug, "~> 0.4.1"}
Elixir 1.18 or later is required. The core has no runtime dependencies.
Define a server
A server module declares its components. Small ones can be written inline:
defmodule Greeter do
  use Snodo.Server, name: "greeter", version: "0.1.0"

  tool "greet", description: "Create a greeting" do
    argument "name", :string, required: true

    @impl true
    def call(%{"name" => name}, _context), do: {:ok, "Hello, #{name}!"}
  end

  resource "profile", uri_template: "people://{name}/profile", mime_type: "application/json" do
    @impl true
    def read(%{"name" => name}, _context), do: {:ok, %{"name" => name}}
  end

  prompt "introduce", description: "Introduce someone" do
    argument "name", required: true

    @impl true
    def render(%{"name" => name}, _context), do: {:ok, "Introduce #{name} in one sentence."}
  end
end
Each block becomes a module (Greeter.Tools.Greet, Greeter.Resources.Profile,
Greeter.Prompts.Introduce). Larger components are ordinary modules registered
with tool MyApp.Search. See Tools, resources, and prompts.
Arguments arrive as the protocol sends them, with string keys. A tool that
returns {:ok, binary} produces text content; any other value becomes
structured content.
Call it in process
Snodo.Client.direct/2 dispatches to the server in the calling process, which
is the quickest way to try a server and to test one:
{:ok, client} = Snodo.Client.direct(Greeter.runtime())

{:ok, tools} = Snodo.Client.list_tools(client)
{:ok, result} = Snodo.Client.call_tool(client, "greet", %{"name" => "Ada"})
result["content"]
#=> [%{"type" => "text", "text" => "Hello, Ada!"}]

{:ok, %{"contents" => [content]}} = Snodo.Client.read_resource(client, "people://ada/profile")
{:ok, %{"messages" => [message]}} = Snodo.Client.get_prompt(client, "introduce", %{"name" => "Ada"})
See The client for errors, multi round-trip requests, and paging.
Test it
Snodo.Test.Assertions wraps the direct client in ExUnit assertions. Each
assertion returns the value it matched, and a failure shows the protocol
error or the tool's isError content:
defmodule GreeterTest do
  use ExUnit.Case, async: true

  import Snodo.Test.Assertions

  alias Snodo.Client

  test "greets by name" do
    client = client!(Greeter.runtime())

    assert_listed(Client.list_tools(client), "greet")

    result = assert_tool_ok(Client.call_tool(client, "greet", %{"name" => "Ada"}))
    assert [%{"text" => "Hello, Ada!"}] = result["content"]

    assert_tool_error(Client.call_tool(client, "greet", %{}), "Missing required arguments")
    assert_refused(Client.call_tool(client, "wave"), -32_602)
  end
end
assert_tool_error/2 matches a result with "isError" => true, optionally
by its text, and assert_refused/2 matches a JSON-RPC error, optionally by
its code. Had greet been called without a name under assert_tool_ok/1,
the failure would read:
Expected a successful tool result, got isError: true
content:
    Missing required arguments: name
The other helpers:
	assert_input_required/2 matches an input_required result, optionally of
one kind (:form, :url, :sampling, or :roots). answer_input/2 turns
answers keyed by kind or request ID into the input_responses: and
request_state: options of the retry. client!/2 with answers: answers
every input request inside the call instead.
	client_as/3 builds a client whose requests carry a principal as
context.auth, for testing an authorization policy, with
assert_refused/2 and refute_listed/2.

The assertions also accept what Snodo.Test.dispatch/2 returns.
Serve it
Over stdio, for clients that launch the server as a subprocess:
# greeter.exs, or a release command
:ok = Snodo.Transport.Stdio.serve(Greeter.runtime())
Over HTTP, supervised in an application:
children = [
  {Snodo.Transport.StreamableHTTP.Server, runtime: Greeter.runtime(), port: 4000}
]
The endpoint is http://127.0.0.1:4000/mcp. For an existing Plug or Phoenix
application, use snodo_plug instead. See Transports.
For a Phoenix endpoint, follow the router and Bandit setup.
The same client connects to either:
{:ok, client} = Snodo.Client.connect({:stdio, "elixir", ["greeter.exs"]})
{:ok, client} = Snodo.Client.connect({:http, "http://127.0.0.1:4000/mcp"})
Next
	Tools, resources, and prompts
	The client
	Transports
	The examples, each a runnable script



  

    Tools, resources, and prompts

A server is a module that uses Snodo.Server and declares components. Each
component is a module, written by hand or generated from an inline block or
an explicit GenServer declaration. The router registers modules either way,
so the forms can be mixed in one server.
	Form	Tool	Resource	Prompt
	Full control	use Snodo.Tool	use Snodo.Resource	use Snodo.Prompt
	Concise	use Snodo.Tool.Simple	use Snodo.Resource.Simple	use Snodo.Prompt.Simple
	Inline in the server	tool "name", opts do ... end	resource "name", opts do ... end	prompt "name", opts do ... end

Server options
defmodule MyServer do
  use Snodo.Server,
    name: "my-server",
    version: "1.0.0",
    instructions: "Tools for looking up packages",
    schema_validator: Snodo.Schema.Validator.Basic,
    pagination: [page_size: 50],
    tools_cache: [ttl_ms: 60_000, scope: "public"]

  tool MyServer.Search
end
use Snodo.Server defines runtime/1, which builds the immutable
Snodo.Server.Runtime that every transport and the client take. runtime/1
accepts the same options as overrides. Other options: protocols: (see
Initialize-era clients), discovery_cache:,
prompts_cache:, resources_cache:, capabilities:, extensions:,
subscription_source:, instrumentation:, and authorization:.
Generate a catalog document
mix snodo.catalog writes Markdown for the catalog visible to a client. Use a
compiled server module with runtime/0, or connect to a running Streamable
HTTP MCP endpoint:
mix snodo.catalog --server MyServer --output catalog.md
mix snodo.catalog --url http://127.0.0.1:4000/mcp --output catalog.md

Omit --output to write to stdout. The document includes tools and their input
and output schemas, resources and URI templates, prompts and arguments, and
component annotations. Its coverage section counts components and arguments
without descriptions and names each gap. Both modes use Snodo.Client, so
pagination and the server's selected protocol version determine what appears.
Tools
A project that uses the DSL can add import_deps: [:snodo] to its
.formatter.exs so that mix format leaves DSL calls such as tool,
argument, and input_schema without parentheses.
Snodo.Tool.Simple builds the input schema from argument/3 declarations:
defmodule MyServer.Search do
  use Snodo.Tool.Simple,
    name: "search",
    description: "Search packages",
    additional_properties: false

  argument "query", :string, required: true, min_length: 1
  argument "page", :integer, minimum: 1
  argument "tags", {:array, :string}, unique_items: true

  @impl true
  def call(%{"query" => query} = arguments, _context) do
    {:ok, "searching for #{query} on page #{arguments["page"] || 1}"}
  end
end
A type is a JSON type atom, {:array, type}, or a raw property-schema map.
Options include :required, :description, :enum, :default, :pattern,
the length, item, and numeric bounds, and :schema to merge any other JSON
Schema keywords.
An :object or {:array, :object} argument can take a do block of further
argument declarations. They become the properties of the object, or of each
array item, and blocks can nest. output_schema with a do block builds the
output schema from the same declarations:
defmodule MyServer.Order do
  use Snodo.Tool.Simple, name: "order", description: "Place an order"

  argument "customer", :object, required: true do
    argument "id", :string, required: true
    argument "email", :string
  end

  argument "lines", {:array, :object},
    required: true,
    min_items: 1,
    additional_properties: false do
    argument "sku", :string, required: true
    argument "quantity", :integer, required: true, minimum: 1
  end

  output_schema do
    argument "order_id", :string, required: true
    argument "total", :number, required: true
  end

  @impl true
  def call(_arguments, _context) do
    {:ok, Snodo.Result.structured(%{"order_id" => "o-1", "total" => 12.5})}
  end
end
required: true inside a block adds the name to that object's "required"
list, so here "customer" requires "id" and each line requires "sku" and
"quantity". The router enforces only the top-level "required" list on its
own; nested lists are enforced by an installed validator.
A block argument also takes additional_properties:, which is set on the
nested object. For an array that is the object in "items", while the other
options, such as min_items:, stay on the array. A block argument's schema:
cannot set the keys the block generates ("properties" and "required", or
"items").
output_schema still accepts a map, as in use Snodo.Tool. The block form
takes additional_properties: and schema: for the output root in the same
keyword list as the block, as in
output_schema(additional_properties: false, do: (...)).
The result is the plain JSON Schema that input_schema/1 and
output_schema/1 accept, checked when the module compiles. A block on another
type, a repeated name inside a block, and a second output schema when either
one is a block are compile errors, and the messages name the nested path, such
as argument "lines.sku". With an output schema, call/2 must return
structured content, which the runtime's schema validator checks (see
Validation).
Tools can set title:, icons:, and metadata: on use Snodo.Tool,
use Snodo.Tool.Simple, or an inline tool block. Raw tools can also set
them with title/1, icons/1, and metadata/1 in the module body. For example:
use Snodo.Tool.Simple,
  name: "search",
  title: "Search packages",
  icons: [%{"src" => "https://example.com/search.png", "mimeType" => "image/png"}],
  metadata: %{"com.example/search" => %{"category" => "catalog"}}
Each icon needs an absolute URI "src"; "mimeType", "sizes", and
"theme" are optional. Metadata keys follow the MCP _meta key format, and
values must be JSON values. The 2025-06-18 dialect emits title and _meta;
2025-11-25 and 2026-07-28 also emit icons. Absent values are omitted.
use Snodo.Tool takes a hand-written schema instead, and can declare an output
schema and annotations:
defmodule MyServer.Version do
  use Snodo.Tool, name: "version", description: "Latest version of a package"

  input_schema(%{
    "type" => "object",
    "properties" => %{"name" => %{"type" => "string"}},
    "required" => ["name"]
  })

  output_schema(%{"type" => "object", "properties" => %{"version" => %{"type" => "string"}}})

  @impl true
  def call(%{"name" => _name}, _context), do: {:ok, %{"version" => "1.2.3"}}
end
Results and failures
	call/2 returns	Client sees
	{:ok, binary}	a text content result
	{:ok, value} (any other JSON value)	structured content
	{:ok, %Snodo.Result{}}	exactly that result, for example Snodo.Result.text/2 with metadata
	{:ok, Snodo.Result.content(blocks)}	the given content blocks, such as "image", "audio", or an embedded "resource"
	{:ok, Snodo.Result.error("hex.pm returned 503")}	a result with isError: true: the tool ran and reports a failure the model can read
	{:error, %Snodo.Error{}}	a JSON-RPC error: the request itself was wrong
	{:error, reason}	a result with isError: true, for compatibility

Use isError results for anything the tool understands, such as an upstream
failure or a lookup that found nothing. Reserve Snodo.Error for requests that
should never have been dispatched.
JSON values need string keys. Snodo.JSONValue.encodable!/1 converts an
atom-keyed domain value.
Validation
The router always checks the arguments listed in the schema's required.
Everything else in the schema is advertised but only enforced when the server
installs a validator:
	Validator	Coverage
	Snodo.Schema.Validator.Passthrough (default)	none
	Snodo.Schema.Validator.Basic	objects, arrays, primitives, enum, const, size and numeric bounds
	Snodo.Schema.Validator.JSV from snodo_jsv	full JSON Schema 2020-12

Server runtimes compile their registered tool schemas once and retain them for
the runtime's lifetime. For direct validator calls, Basic compiles each
regular-expression pattern on first use and JSV compiles each schema on first
use. These direct calls share a 256-entry fallback cache while the snodo
application is running. The oldest fallback entry is evicted when it fills;
its next use compiles again. Validation behavior does not change.
A call that fails either check never reaches call/2. It gets a result with
isError: true and a message the model can act on, such as
Missing required arguments: query or
Invalid arguments at /page: value is not one of the declared JSON types,
following the 2026-07-28 tools specification. Messages name the location and
the rule, never the argument's value. Unknown tools and non-object arguments
remain JSON-RPC errors (-32602).
Arguments in HTTP headers
A property marked with x-mcp-header is also sent as an Mcp-Param-<Name>
header over Streamable HTTP, so gateways and load balancers can route on it
without reading the body:
input_schema(%{
  "type" => "object",
  "properties" => %{
    "region" => %{"type" => "string", "x-mcp-header" => "Region"},
    "query" => %{"type" => "string"}
  },
  "required" => ["region", "query"]
})
The name must be a non-empty HTTP token (letters, digits, and
!#$%&'*+-.^_`|~), unique ignoring case. The property's type must be
"string", "integer", or "boolean", and the property must be reached from
the root through properties only, not inside items, oneOf, or $defs. A
tool that breaks these rules does not compile, or is refused by
Snodo.Router.register_tool/2 if it implements the behaviour by hand.
Both HTTP listeners check the headers against the body before the tool runs. A
missing, mismatched, repeated, or malformed header gets HTTP 400 with
JSON-RPC error -32020. A null or absent argument needs no header. Values that
are not printable ASCII, or that have leading or trailing whitespace, arrive
base64-encoded as =?base64?...?=. Integers compare numerically. Stdio and
direct dispatch have no headers and ignore the annotation.
GenServer tools
Snodo.Tool.GenServer generates ordinary tool modules from explicit call and
cast declarations inside a Snodo.Server. Each declaration fixes a registered
GenServer target, provides an input schema, and builds an application message
from protocol-native string-keyed arguments. Call declarations also encode
the reply as a JSON object. The generated modules register through the same
server DSL as handwritten tools:
defmodule MyServer do
  use Snodo.Server, name: "counter", version: "1.0.0"
  import Snodo.Tool.GenServer

  genserver_call "counter_add",
    target: MyApp.Counter,
    input_schema: %{
      "type" => "object",
      "properties" => %{"by" => %{"type" => "integer"}},
      "required" => ["by"],
      "additionalProperties" => false
    },
    message: fn %{"by" => by} -> {:add, by} end,
    encode_reply: fn count -> %{"value" => count} end,
    timeout: 5_000

  genserver_cast "counter_notify",
    target: MyApp.Counter,
    input_schema: %{"type" => "object", "additionalProperties" => false},
    message: :notify
end
The target and operations come from server code. Input is checked with the
dependency-free Snodo.Schema.Validator.Basic subset before the message is
built, even if the server has no validator installed. Unsupported assertion
keywords, such as oneOf, fail compilation. A call has a 5,000 ms
timeout by default. An invalid input, missing target, timeout, failed message
builder, or non-JSON reply becomes a tool error result. A cast returns
%{"sent" => true} when GenServer.cast/2 accepts the message. An absent
target is a tool error. The target can stop after the availability check, so
success does not confirm that it received or processed the message.
examples/28_genserver_tools.exs compares manual tools with the generated
modules and includes a generic tool restricted to the same declared
operations. The generic tool is an example prototype, not part of the
declaration API.
Per-component wrappers
Tools, resources, and prompts can declare wrap: in a module's use options
or in an inline Snodo.Server declaration. Declare the list and its options
with literals or module attributes; runtime expressions are rejected so the
validated wrapper configuration stays fixed. The first wrapper runs outermost:
tool "lookup",
  wrap: [
    {Snodo.Component.Wrap.Timeout, timeout: 2_000},
    {Snodo.Component.Wrap.Concurrency, limit: 4},
    {Snodo.Component.Wrap.RateLimit,
     limit: 30, window_ms: 60_000,
     key: fn context -> context.auth && context.auth["principal"] end}
  ] do
  argument "query", :string, required: true

  @impl true
  def call(%{"query" => query}, _context), do: {:ok, search(query)}
end
A custom wrapper implements the call/4 callback of Snodo.Component.Wrap:
it receives the
request context, the callback's arguments, a continuation, and keyword options.
Call next.(context, arguments) to continue, or return a handler result to
stop the chain. The options include :component, :kind, :operation, and
:slot; these keys are reserved. A wrapper that changes arguments must check
the new values itself, because the router validated only the original request.
The wrappers run after lookup, authorization, and input validation. They apply
to call/2, read/2, and render/2, and to a resource or prompt's explicitly
defined complete/2 callback.
The built-ins return Snodo.Result.error/1 for a tool refusal and a typed
Snodo.Error with code -32603 for a resource or prompt refusal. They do not
change router-wide execution or transport limits. A timed-out callback runs
in a linked task and is stopped when its deadline or request owner ends; a
timeout cannot undo side effects that already happened. See
Transports for defaults and state lifetime.
Resources
A resource has an exact :uri or a :uri_template. A template in the
supported RFC 6570 shapes gets a generated matcher, and the matched variables
arrive in read/2's params. Snodo.Resource.Simple accepts plain return
values:
defmodule MyServer.PackageInfo do
  use Snodo.Resource.Simple,
    uri_template: "hex://{name}/info",
    name: "package_info",
    mime_type: "application/json"

  @impl true
  def read(%{"name" => name}, _context), do: {:ok, %{"name" => name}}
end
	read/2 returns	Content
	{:ok, binary}	text at the requested URI with the declared mime_type
	{:ok, value}	JSON, application/json unless another mime_type is declared
	{:ok, %Snodo.Result{}}	unchanged; use Snodo.Result.resource_read/2 with Snodo.Resource.text/3, json/3, or blob/3 for blobs, several contents, or metadata
	{:error, reason}	a JSON-RPC error; use Snodo.Error.invalid_params/2 for a missing resource

use Snodo.Resource requires read/2 to return a Snodo.Result.
Template shapes
The generated matcher handles the RFC 6570 operators that can be matched
without ambiguity. Snodo.Resource.Template has the full rules.
	Template	Matches	Binds
	hex://{name}/info	hex://jason/info	name: one whole, non-empty segment
	files://{root}/{+path}	files://docs/a/b.txt	path: one or more segments, "a/b.txt"
	hex://{name}{/version}	hex://jason, hex://jason/1.4.0	version: zero or one segment
	hex://{name}/docs{/page*}	hex://jason/docs, hex://jason/docs/a/b	page: zero or more segments, "a/b"
	search://{index}{?q,lang}	search://hex, search://hex?lang=en&q=json	q, lang: named query parameters, any order
	search://hex/pkgs{?q}{&sort}	search://hex/pkgs?q=js&sort=name	q, sort

	The scheme is a literal and matches case-insensitively. The authority is one
literal, one {var}, or empty when a / follows it: file:///{+path}
matches file:///etc/hosts and binds path to "etc/hosts", but not
file://localhost/etc/hosts.
	A template has at most one variable-length path expression ({+var},
{/var}, or {/var*}). The literal and {var} segments around it are
matched from each end, so a URI splits only one way.
	An absent {/var}, {/var*}, or query parameter is left out of the params.
q= binds "".
	A query parameter the template does not name, a repeated parameter, an empty
query, a fragment, a port, or userinfo means the URI does not match. A
template without query expressions matches no URI with a query.
	Values are percent-decoded once and must be valid UTF-8. + stays +. A
variable that appears twice must bind the same value both times.

A template outside these shapes is a compile error that names the shape, for
example fragment expansion ({#var}), a prefix modifier ({var:n}), or a path segment that holds literal text and an expression, or two expressions
for v{version}. Multi-variable path and simple expressions ({/a,b},
{a,b}) are refused because a missing value cannot be assigned to one
variable. To serve such a template, implement matches?/1 and return true,
false, or {:ok, variables}; the module then compiles.
A template is at most 1,024 bytes with at most 32 variables. Matching is
linear in the URI length, with no backtracking, so its cost is bounded by the
transport's message size limit.
Overlapping templates
Two templates can both match one URI. x://h/{+p} and x://h/docs{/page*}
both match x://h/docs/intro. Registration does not detect this, because it
would mean comparing every pair of templates; it only checks direct URIs
against templates. A resources/read for such a URI fails with JSON-RPC error
-32603, "Multiple resource routes matched the requested URI". Give templates
distinct literal prefixes, or serve the overlapping shapes from one module.
Values that name files
A matched value is decoded, so it can contain / (from %2F, or from the
segments {+path} and {/page*} join), can be or contain .., and can
contain a NUL byte (from %00). Dot segments are not removed. Before using a
value as a file path, refuse NUL bytes, then resolve it against the directory
being served and refuse anything that escapes it:
def read(%{"path" => path}, _context) do
  root = "/srv/docs"

  with false <- String.contains?(path, <<0>>),
       {:ok, relative} <- Path.safe_relative(path, root) do
    File.read(Path.join(root, relative))
  else
    _unsafe -> {:error, Snodo.Error.invalid_params("Resource not found")}
  end
end
Path.safe_relative/2 accepts a NUL byte, so the first check is needed.
For a single-segment {var} that should be a plain name, reject values that
contain /, \, or are . or ...
Prompts
Snodo.Prompt.Simple declares arguments one per line, and render/2 may
return a string for a single user message:
defmodule MyServer.Review do
  use Snodo.Prompt.Simple, name: "review", description: "Review a package"

  argument "name", required: true, description: "Package name"
  argument "focus", description: "quality, security, or upgrade"

  @impl true
  def render(%{"name" => name} = arguments, _context) do
    {:ok, "Review #{name}, focusing on #{arguments["focus"] || "quality"}."}
  end
end
Prompt arguments are the flat string map MCP defines. The router checks
required arguments before render/2 runs. For several messages, return them
built with Snodo.Prompt.message/2 and the content builders (text/2,
image/3, audio/3, embedded_resource/2, resource_link/3). Return
Snodo.Result.prompt_get/2 to add a description or metadata.
Inline components
Inside a server, tool, resource, and prompt with a name and a do block
generate the module:
defmodule Inline do
  use Snodo.Server, name: "inline", version: "0.1.0"

  tool "greet", description: "Create a greeting" do
    argument "name", :string, required: true

    @impl true
    def call(%{"name" => name}, _context), do: {:ok, "Hello, #{name}!"}
  end

  resource "groups", uri: "toolbox://groups", mime_type: "application/json" do
    @impl true
    def read(_params, _context), do: {:ok, %{"groups" => ["web", "data"]}}
  end

  tool MyServer.Search
end
The block is the body of Inline.Tools.Greet or Inline.Resources.Groups,
which uses the matching Simple module, so it can hold several clauses and
private helpers. The options are those of the Simple module without :name.
Two names that map to the same module are a compile error.
Completion
Prompts and resource templates opt into argument completion with
completion_arguments: and a complete/2 callback:
defmodule MyServer.Lookup do
  use Snodo.Prompt.Simple,
    name: "lookup",
    completion_arguments: ["name"]

  argument "name", required: true

  @impl true
  def complete(%Snodo.Completion{argument: "name", value: prefix}, _context) do
    matches = Enum.filter(["jason", "plug", "phoenix"], &String.starts_with?(&1, prefix))
    {:ok, Snodo.Result.completion(matches, total: length(matches), has_more: false)}
  end

  @impl true
  def render(%{"name" => name}, _context), do: {:ok, "Look up #{name}."}
end
Paging and cache hints
List operations page with opaque cursors (default page size 100, set with
pagination: [page_size: n]). Cursors are scoped to the exact catalog, so a
changed catalog expires outstanding cursors with -32602. Every list and read
result carries ttlMs and cacheScope from the *_cache: options.
Examples
examples/01_direct_tools.exs (raw tools), 02_structured_schema.exs,
12_resources.exs, 13_prompts.exs, 14_completions.exs,
15_pagination.exs, 25_inline_components.exs, and
28_genserver_tools.exs.


  

    The client

Snodo.Client calls MCP servers. The same functions work over three
connections:
# A runtime in this VM: no process or transport in between
{:ok, client} = Snodo.Client.direct(MyServer.runtime())

# A subprocess speaking newline-delimited JSON-RPC on stdin and stdout
{:ok, client} = Snodo.Client.connect({:stdio, "elixir", ["my_server.exs"]}, env: [{"LOG_LEVEL", "warn"}])

# A Streamable HTTP endpoint
{:ok, client} = Snodo.Client.connect({:http, "https://example.test/mcp"}, headers: [{"authorization", "Bearer " <> token}])
The client speaks the protocol versions the server serves: 2026-07-28,
and the initialize-era 2025-11-25 and 2025-06-18. connect/2 settles the
version before it returns; see Protocol versions.
Calls
{:ok, discovery} = Snodo.Client.discover(client)
{:ok, tools} = Snodo.Client.list_tools(client)
{:ok, result} = Snodo.Client.call_tool(client, "search", %{"query" => "json"})
{:ok, result} = Snodo.Client.read_resource(client, "hex://jason/info")
{:ok, result} = Snodo.Client.get_prompt(client, "review", %{"name" => "jason"})
{:ok, result} = Snodo.Client.request(client, "completion/complete", params)
:ok = Snodo.Client.close(client)
Every call returns one of:
	Return	Meaning
	{:ok, result}	the JSON-RPC result object as sent, with string keys. A tool result with "isError" => true is a successful response and arrives here
	{:input_required, result}	the server needs more input; retry the same call with answers (below)
	{:error, %Snodo.Error{}}	a JSON-RPC error, or a failure of the connection

Decoded JSON-RPC errors keep the server's code, message, and data.
Connection failures have kind: :transport: -32000 for a closed, unreachable,
or unusable connection and -32001 for a timeout, the codes the official
TypeScript SDK uses. Each request can set timeout: (the default is 30 seconds,
or the client's :timeout option).
Request IDs are fresh integers, so one client can be shared by many processes.
Protocol versions
:protocol names one version, or lists the versions to allow. Without it the
client allows every version it speaks, newest first:
{:ok, client} = Snodo.Client.connect({:http, url})                              # negotiate
{:ok, client} = Snodo.Client.connect({:http, url}, protocol: "2025-11-25")      # pin
{:ok, client} = Snodo.Client.connect({:http, url}, protocol: ["2026-07-28", "2025-06-18"])
When the allowed versions span both eras, connect/2 probes with
server/discover under :probe_timeout (10 seconds by default). A result
with supportedVersions is a 2026-07-28 server's answer, and the highest
allowed version the server lists wins. Any other answer, whatever the error
code or shape, and a timeout, mean the server does not speak a stateless
version: the client closes and reopens the transport, then sends initialize
with the highest allowed initialize-era version. On stdio, reopening starts
the server again, because the probe may already have been processed under the
older lifecycle rules, which some servers apply to the first request they
see. A pin, or a list from one era, skips the probe: a stateless pin sends
nothing at connect time and an initialize-era pin sends initialize at once.
initialize carries :client_capabilities and :client_info, and the
server's protocolVersion must be one the client allows; otherwise the client
closes the connection and returns -32602 with negotiated and requested in
data. notifications/initialized follows, and the client's session is
then a Snodo.Client.Session with the negotiated version, the Mcp-Session-Id
the server issued (if any), and the serverInfo, capabilities, and
instructions from the result. A server that supports none of the allowed
versions is a -32602 error with requested and supported in data, and a
version the client does not speak at all is refused before connecting.
direct/2 needs no probe: the runtime's enabled versions are known, so the
highest allowed one among them is used, and an initialize-era version is
negotiated through the runtime the same way. A runtime that enables only the
legacy dialects gets a working direct client.
On an initialize-era connection:
	Requests carry no _meta metadata and no client info; those belong to
2026-07-28. Over HTTP every later request carries MCP-Protocol-Version
and, when issued, Mcp-Session-Id, and close/1 sends a DELETE for the
session before closing.
	ping/1 works; discover/1 is refused, because those versions do not
define server/discover. The capabilities are in session.
	request/4 refuses a method the negotiated dialect's catalog does not
define as a client request, with -32601 before anything is sent. The
catalogs are the protocol dialect modules' profiles, the same ones the
server admits requests against, so the client and the server stay in
step. On 2026-07-28 a method the catalog lists only as a server request or
a notification is refused the same way, and an unlisted method is sent as
it is, because negotiated extensions add methods the core catalog does not
carry.
	The requests the server sends to the client (elicitation/create,
sampling/createMessage, and roots/list) are answered by the same
:input_handlers that answer 2026-07-28 input requests, keyed by method
and mode: a form elicitation goes to :form, a URL elicitation to :url,
a sampling request to :sampling, and a roots request to :roots. A
server ping is answered without a handler. A request of a kind with no
handler is answered -32601, one whose params lack the kind's keys -32602,
and a handler that fails -32603. Over HTTP such a request arrives on the
event stream of the request in flight, the handler runs in the calling
process, and the answer goes back as its own POST. The time the handler
takes counts against that request's timeout, which is not extended. Over
stdio the connection process runs each handler in a linked process of its
own and writes the answer, with at most :max_server_requests (16)
handlers running at once; a request over the limit is answered -32603
without running a handler, and handlers still running when the connection
closes are killed. A handler that raises is answered -32603 on stdio, and
on HTTP the exception propagates to the caller as it does for an embedded
request.
	The catalog check applies to the requests the client sends. The server
requests above are answered on any connection, whatever the negotiated
version. The initialize-era catalogs do not list them, and 2026-07-28
replaces them with input requests, but a 2026-07-28 connection over stdio,
or over HTTP with input handlers installed, answers a server ping with
{} and passes an elicitation, sampling, or roots request to the handlers.
Such a request is outside the multi round-trip flow, so
:max_input_rounds does not count it.
	Versions before 2025-06-18 are not spoken. The client does not open the
standalone GET event stream, so a request a server sends only there (the
TypeScript SDK does this for requests made without a related request ID)
is not received; and a session the server expires is reported as the
server's error rather than re-initialized.

Lists and paging
list_tools/1, list_resources/1, list_resource_templates/1, and
list_prompts/1 follow nextCursor to the end and return every item. They stop
with a -32000 error if a server repeats a cursor, or if the last of :max_pages
pages (1,000 by default) still has a nextCursor. list_page/3 returns one
Snodo.Client.Page for manual paging:
{:ok, %Snodo.Client.Page{items: tools, next_cursor: cursor}} = Snodo.Client.list_page(client, :tools)
{:ok, next} = Snodo.Client.list_page(client, :tools, cursor)
Response caching
Pass cache: true to direct/2 or connect/2 to cache complete
server/discover, list-page, and resources/read results. Caching is off by
default. A result is stored only when it has a positive ttlMs and a
cacheScope of "public" or "private". It expires ttlMs milliseconds
after the response arrives. The shared cache holds at most 256 results and
16 MiB; the least recently used entry is removed when either limit is exceeded.
An individual result larger than 16 MiB is not stored.
Public results can be reused by clients of the same endpoint, protocol, client
metadata, and noncredential HTTP headers.
Private results are partitioned by the credentials used for the request and
the session ID. Stdio clients have separate cache namespaces for their
separate server processes. Neither raw bearer tokens nor authorization headers
are kept in cache keys. Custom transports can reuse public results, but private
results are not stored because the client cannot identify their credentials.
While a client listens for subscriptions, tools, prompts, and resources list
changes remove the corresponding cached pages. A resource update removes
cached reads for that URI. Invalidation happens when the event reaches the
client, even if the subscription owner has not yet demanded it. Without a
subscription, entries expire by their TTL.
Pass bypass_cache: true on a call to send it to the server and leave existing
entries unchanged. The named discovery and list functions accept an options
argument; for manual paging, pass it after the cursor:
{:ok, client} = Snodo.Client.connect({:http, url}, cache: true)
{:ok, tools} = Snodo.Client.list_tools(client)
{:ok, fresh} = Snodo.Client.list_tools(client, bypass_cache: true)
{:ok, page} = Snodo.Client.list_page(client, :tools, nil, bypass_cache: true)
Requests with other per-call options, such as custom metadata or progress,
are sent normally and are not cached.
Multi round-trip requests
A server that needs input returns input_required with inputRequests and,
sometimes, a requestState. A client without input handlers does not answer;
call again with the answers:
{:ok, client} = Snodo.Client.direct(runtime, client_capabilities: %{"elicitation" => %{"form" => %{}}})

{:input_required, %{"inputRequests" => requests} = pending} =
  Snodo.Client.call_tool(client, "deploy", %{})

answers = %{"confirm" => %{"action" => "accept", "content" => %{"approved" => true}}}

Snodo.Client.call_tool(client, "deploy", %{},
  input_responses: answers,
  request_state: pending["requestState"]
)
See Interactive operations for the server side.
Input handlers
Install input_handlers: to answer input requests inside the call. The map is
keyed by request kind. A handler is a function of one argument: it receives
the request's params and returns {:ok, response}, where response is the
result the kind expects, or {:error, reason}.
	Kind	Embedded request	Handler receives	Handler returns	Declares
	:form	elicitation/create, mode form	"mode", "message", "requestedSchema"	an elicitation result: "action" of "accept", "decline", or "cancel", with "content" when accepted	"elicitation" => %{"form" => %{}}
	:url	elicitation/create, mode url	"mode", "message", "url"	an elicitation result	"elicitation" => %{"url" => %{}}
	:sampling	sampling/createMessage	"messages", "maxTokens", and whichever other CreateMessageRequestParams fields the server sent	a CreateMessageResult: "role", "content", "model", optional "stopReason"	"sampling" => %{}
	:roots	roots/list	%{}, or "_meta" when the server sent it	a ListRootsResult: "roots" with file:// "uri" entries and optional names	"roots" => %{"listChanged" => false}

SEP-2577 deprecates the server-initiated sampling and roots requests in
2026-07-28; the protocol still defines them, and servers built on this library
can send them (see Interactive operations). A
:sampling handler that accepts "tools" and "toolChoice", or an
"includeContext" other than "none", declares "sampling" => %{"tools" => %{}} or %{"context" => %{}} in :client_capabilities; the client does not
infer those settings from the handler, so a server that needs them is refused
by the dialect with -32021 until they are declared. What a sampling handler
returns is model output the server will treat as input; what a roots handler
returns is a claim about this client's file system, and the handler chooses
which roots to reveal.
{:ok, client} =
  Snodo.Client.connect({:http, url},
    input_handlers: %{
      form: fn %{"message" => message, "requestedSchema" => schema} ->
        {:ok, %{"action" => "accept", "content" => MyUI.ask(message, schema)}}
      end,
      url: fn %{"url" => url} ->
        MyUI.open(url)
        {:ok, %{"action" => "accept"}}
      end,
      sampling: fn %{"messages" => messages, "maxTokens" => max_tokens} ->
        {:ok, text, model} = MyModel.complete(messages, max_tokens: max_tokens)
        {:ok, %{"role" => "assistant", "content" => %{"type" => "text", "text" => text}, "model" => model}}
      end,
      roots: fn _params ->
        {:ok, %{"roots" => [%{"uri" => "file:///home/me/project", "name" => "project"}]}}
      end
    }
  )

{:ok, result} = Snodo.Client.call_tool(client, "deploy", %{})
The declared client capabilities follow the handlers, merged with any
:client_capabilities given: :form adds "elicitation" => %{"form" => %{}}, :url adds "url" next to it, :sampling adds "sampling" => %{},
and :roots adds "roots" => %{"listChanged" => false}. A declared value
wins where the two meet: "sampling" => %{"tools" => %{}} keeps its setting
and a declared "listChanged" replaces the handler's false. An explicit
"elicitation" => %{} next to a :url handler is kept as form. A declared
entry the handlers need to merge into must be a map; "elicitation" => true
with a form handler installed, or "roots" => true with a roots handler,
raises ArgumentError. Without a handler, nothing declares sampling or
roots. A server therefore does not ask for a kind the client cannot
answer.
When a result asks for input, the client first matches every request to a
handler and checks that its params carry the keys of its kind; only then
does it call the handlers, one at a time in the calling process, in the sort
order of the request IDs. It sends the request again, on a fresh request ID,
with the responses as inputResponses and the result's requestState
unchanged.
That repeats until the server returns a complete result or :max_input_rounds
results (10 by default) have been answered. A result that carries only a
requestState is sent again with it after 250 ms, as the official TypeScript
client does, and counts as a round. Each round has its own timeout:, and
progress: is delivered for every round.
	Condition	Return
	no handlers installed, or answer_input: false on the call	{:input_required, result}
	a request of a kind with no handler, or with a method the client does not know (no handler has run)	-32602, kind: :protocol, cause: {:no_input_handler, kind, result}
	a handler returned {:error, reason}, something other than {:ok, response}, or a response that is not valid for its kind (reason is {:invalid_response, response}): an elicitation result without a valid "action", a sampling result that is not a CreateMessageResult, or a roots result that is not a ListRootsResult	-32603, kind: :execution, cause: {:input_handler, id, reason, result}
	the server still required input after :max_input_rounds rounds	-32000, kind: :transport, data: %{"maxInputRounds" => n}, cause: {:max_input_rounds, result}
	a result with nothing to answer and no requestState, or an input request whose params is not a map or lacks "message" and "requestedSchema" (form), "message" and "url" (URL), or "messages" and "maxTokens" (sampling); a roots request may leave params out. No handler has run	-32000, kind: :transport, cause: result

A handler that raises stops the call with that exception. Each error carries
the last input_required result at the end of its cause, so the caller can
finish the flow by hand with input_responses: and request_state:.
Elicitation responses are not checked against requestedSchema on the
client; the server validates them and answers -32602 for an invalid one, as
it does for a hand-written response. A sampling or roots response is checked
for its result shape with Snodo.Sampling.valid_response?/1 or
Snodo.Roots.valid_response?/1 before it is sent, so a handler bug is a
-32603 error on the client rather than a -32602 from the server.
	Option	Applies to	Default	Meaning
	:input_handlers	direct/2, connect/2	%{}	a map from :form, :url, :sampling, or :roots to a function of one argument
	:max_input_rounds	direct/2, connect/2, each call	10	the most input_required results answered for one call
	:answer_input	each call	true	false returns {:input_required, result} for this call

Progress
Pass progress: to a request to receive the server's
notifications/progress for it while it runs. The client sends the request ID
as _meta.progressToken. A function is called in the requesting process with
each notification's params before the request returns; a pid is sent
{:snodo_progress, params}.
Snodo.Client.call_tool(client, "reindex", %{},
  progress: fn %{"progress" => done} = params ->
    IO.puts("#{done} of #{params["total"] || "?"}")
  end
)
params holds "progressToken", "progress", and, when the server sent them,
"total" and "message". Passing a "progressToken" in :meta as well as
progress: raises ArgumentError.
A long request that keeps reporting progress can outlast its timeout:. With
reset_timeout_on_progress: true, each notification restarts the timeout,
and max_total_timeout: (600,000 ms by default) bounds the whole request from
when it was sent. A request stopped by that bound returns -32001 with the
message "Maximum total timeout exceeded" and data holding
"maxTotalTimeoutMs".
	Option	Default	Meaning
	:progress	none	a function of one argument, or a pid, for this request's progress
	:reset_timeout_on_progress	false	restart timeout: at each progress notification
	:max_total_timeout	600,000	the longest a request may run when its timeout is reset

A direct client has no timeout; its handler runs in a linked task while the
calling process receives the progress reports.
Subscriptions
listen/3 opens a subscriptions/listen stream. It sends the filter as given
(the core keys, and any key a negotiated extension defines, such as the Tasks
extension's taskIds) and returns once the server's
notifications/subscriptions/acknowledged arrives. The handle carries the
filter the server accepted, which may be a subset of the request:
{:ok, subscription} =
  Snodo.Client.listen(client, %{
    "toolsListChanged" => true,
    "resourceSubscriptions" => ["file:///notes.md"]
  })

subscription.accepted
#=> %{"toolsListChanged" => true, "resourceSubscriptions" => ["file:///notes.md"]}
The calling process owns the subscription. Events reach it as
{:snodo_subscription, ref, payload} messages, where ref is
subscription.ref and the payload is one of:
	Payload	Meaning
	{:notification, method, params}	one event, as sent: method is "notifications/resources/updated", one of the three list-changed methods, or an extension's such as "notifications/tasks"; params keeps "_meta"
	{:dropped, n}	n events were discarded because the buffer was full; sent just before the next delivered event, in addition to it, and takes no demand of its own
	{:closed, :complete}	the server ended the stream with its terminal result
	{:closed, {:error, %Snodo.Error{}}}	the server ended the stream with an error, or the connection failed; nothing follows

Events are sent only while the owner has asked for them.
Snodo.Client.Subscription.demand/2 asks for n more; next/2 asks for one
and waits for it; stream/1 wraps next/2 as an Enumerable that ends with
the {:closed, reason} element. Each unit of demand pays for exactly one
event; {:dropped, n} and {:closed, reason} take none. A next/2 call that
returns {:dropped, n} leaves the event its demand paid for in the mailbox,
and the following call returns it:
subscription
|> Snodo.Client.Subscription.stream()
|> Enum.each(fn
  {:notification, "notifications/resources/updated", %{"uri" => uri}} -> reload(uri)
  {:notification, "notifications/tools/list_changed", _params} -> refresh_tools()
  {:dropped, n} -> Logger.warning("missed #{n} events")
  {:closed, reason} -> Logger.info("stream ended: #{inspect(reason)}")
end)
A GenServer asks for a batch and asks again as it consumes:
def handle_info({:snodo_subscription, ref, {:notification, method, params}}, %{sub: %{ref: ref}} = state) do
  :ok = Snodo.Client.Subscription.demand(state.sub, 1)
  {:noreply, apply_change(state, method, params)}
end

# A drop report takes no demand, so there is nothing to renew.
def handle_info({:snodo_subscription, ref, {:dropped, _n}}, %{sub: %{ref: ref}} = state) do
  {:noreply, resync(state)}
end
Events that arrive without demand wait in the transport process, at most
:max_buffer of them (100 by default). When the buffer is full, :overflow
decides: :drop_oldest (the default) discards the oldest queued event,
:drop_newest discards the arriving one. The count reaches the owner as
{:dropped, n}. The terminal {:closed, reason} is delivered after the
queued events, so the owner sees every event it asks for before the end.
Snodo.Client.Subscription.close/1 ends the stream, and so does the owner's
exit: stdio sends notifications/cancelled, HTTP closes the connection, and
the direct client closes the source. No message follows close/1; events
already delivered stay in the mailbox. next/2 on a stream that has ended,
after its {:closed, reason} or after close/1, returns
{:closed, {:error, %Snodo.Error{}}} at once over every transport.
listen/3 returns {:error, %Snodo.Error{}} for a JSON-RPC error response
(-32601 from a server without a subscription source, -32602 for an invalid
filter), for a stream the server ends before acknowledging it, and for a
transport failure; -32001 when the acknowledgement does not arrive within
timeout:. request/4 raises for subscriptions/listen.
	Option	Default	Meaning
	:max_buffer	100	the most events held for the owner before the overflow policy applies
	:overflow	:drop_oldest	:drop_oldest or :drop_newest
	:timeout	the client's	how long to wait for the acknowledgement

Options
	Option	Applies to	Meaning
	:client_capabilities	all	capabilities sent with every request, plus those the input handlers imply
	:input_handlers, :max_input_rounds	all	functions that answer input requests, and the round limit (see above)
	:client_info	all	the Implementation sent as io.modelcontextprotocol/clientInfo; defaults to %{"name" => "snodo", "version" => ...} with this library's version
	:timeout	all	default request timeout in milliseconds
	:auth	direct/2	the value handlers and policies read as context.auth
	:protocol	all	a version to pin, or a list to allow; defaults to every version the client speaks (see above)
	:probe_timeout	connect/2	milliseconds to wait for the answer to the server/discover probe (10,000)
	:max_pages	all	the most pages a list function requests (1,000)
	:cache	all	opt in to the bounded response cache (off by default; see above)
	:env, :cd	stdio	environment and working directory for the command
	:max_line_bytes	stdio	the largest response line to accept (16 MiB); the rest of a longer line is discarded and its request times out
	:max_server_requests	stdio	the most server-to-client requests whose handlers run at once (16); a request over the limit is answered -32603
	:headers, :ssl, :connect_timeout	HTTP	extra headers, :ssl options (peers are verified against the OS trust store by default), connect timeout
	:token_provider	HTTP	a Snodo.Client.TokenProvider as {module, state} that supplies the bearer token (see Authorization)
	:max_response_bytes	HTTP	the largest response to accept (16 MiB), checked as it arrives; a larger response closes the connection and returns -32000
	:max_buffer, :overflow	listen/3	the subscription's buffer bound (100) and overflow policy (:drop_oldest)

request/4 and listen/3 also accept :meta for extra _meta entries.
Pass trace_context: %{"traceparent" => value, "tracestate" => value} on a
call to send W3C trace fields through _meta. tracestate is optional; the
client checks the values and rejects malformed ones with ArgumentError.
The named option wins over duplicate keys in :meta.
Transport behavior
	Stdio. One process owns the port and correlates responses by ID, and
progress notifications by token. A timeout, or a progress function that
raises, sends notifications/cancelled for that request. When the server exits,
pending and later requests fail with -32000. The connection closes when the
process that opened it exits. close/1 closes the server's stdin. A request
the server sends to the client is answered through the input handlers in a
process linked to the connection, at most :max_server_requests at once,
and those processes are killed when the connection closes.
Subscriptions share the connection. The connection process correlates the
acknowledgement, the events, and the terminal response by the subscription
ID in each notification's _meta, and monitors each subscription's owner.
When the server exits, or close/1 stops the connection, open subscriptions
end with {:closed, {:error, ...}} (-32000).

	HTTP. One HTTP/1.1 POST per request, on a :gen_tcp or :ssl
connection that closes when the request returns. The headers the
protocol requires (MCP-Protocol-Version, Mcp-Method, Mcp-Name, and
Mcp-Param-* for x-mcp-header arguments) come from
the dialect's transport policy, the same declaration the server checks. JSON
and event-stream responses are both accepted. An event stream is read as it
arrives: progress notifications for the request are delivered as they come,
and the request returns at the event that carries its response.
A subscription keeps its event-stream response open in a process of its own
(subscription.pid), which exits when the stream ends. Closing the
subscription closes that connection, which the server treats as
cancellation. close/1 on the client does not affect open subscriptions.
:max_response_bytes is checked while the response arrives, for every
status: a Content-Length over the limit is refused before the body is
read, and a chunked or close-delimited body is refused at the read that
passes the limit. An event stream that answers a request counts as one
body, notifications included; a subscription stream is checked one event at
a time. The error has cause: {:max_response_bytes, limit}.

	Direct. A subscription is dispatched in a process of its own, which
serves the server-side subscription as a server transport would and closes
the source when the stream ends. close/1 on the client does not affect
open subscriptions.
On an initialize-era session the requests carry MCP-Protocol-Version and
Mcp-Session-Id instead of the 2026-07-28 headers, notifications/initialized
is a POST answered with 202, a request the server sends on the event
stream is answered on its own POST, and close/1 sends DELETE.
Mcp-Param-* headers need the tool's input schema, so pass the definition
from list_tools/1 to call_tool/4 in place of the name. Called by name, a
tool that needs them is refused with -32020; the client then lists the tools
and retries once with the definition. list_tools/1 over HTTP leaves out
tools with an invalid x-mcp-header annotation and logs a warning for each.
{:ok, tools} = Snodo.Client.list_tools(client)
search = Enum.find(tools, &(&1["name"] == "search"))
{:ok, result} = Snodo.Client.call_tool(client, search, %{"region" => "eu", "query" => "json"})


Authorization
A server over HTTP may require an OAuth 2.1 bearer token. A token the
application already holds goes in headers:. A token that has to be obtained,
refreshed, or extended comes from a Snodo.Client.TokenProvider, given as
token_provider: {module, state}:
	Before each request, including the one that opens a listen/3 stream, the
transport asks the provider for a token and sends
Authorization: Bearer <token> when it gets one. {:ok, nil} sends the
request without one, which is how a client learns the server's challenge.
On an initialize-era connection the same applies to initialize, to
notifications/initialized and each answer to a server request, and to
the DELETE that ends the session.
	After a 401, or a 403 whose WWW-Authenticate challenge is
insufficient_scope, the transport parses the challenge into a
Snodo.Client.Challenge (resource_metadata, scope, error), asks the
provider to refresh with it, and sends the request once more with the new
token.
	A second 401 or 403 returns -32000 with
cause: {:unauthorized, status, challenge}. A provider error is returned as
it is. No token appears in an error.
	The request's timeout: covers each HTTP attempt, not the provider call
before or between them. A provider that runs an authorization flow can
hold a request for as long as the user takes to authorize, up to the
provider's own limit (Snodo.OAuth.Client waits 300 seconds by default).

snodo_oauth supplies Snodo.OAuth.Client, which implements the MCP
authorization flows on this behaviour: protected resource and authorization
server metadata discovery with issuer validation, client ID metadata
documents, dynamic client registration and pre-registered clients, PKCE,
resource indicators, scope selection and step-up, refresh tokens, and the
client credentials grant with client_secret_basic, client_secret_post, or
private_key_jwt.
{:ok, oauth} =
  Snodo.OAuth.Client.start_link(
    resource: "https://mcp.example.com/mcp",
    authorize: fn url -> MyApp.open_browser(url) end
  )

{:ok, client} =
  Snodo.Client.connect({:http, "https://mcp.example.com/mcp"},
    token_provider: {Snodo.OAuth.Client, oauth}
  )
Custom transports
Any module implementing Snodo.Client.Transport (connect/2, request/3,
close/1) can be passed as {module, init_arg} to connect/2. A transport
that ignores the :on_progress option delivers no progress. listen/3 is
optional; Snodo.Client.listen/3 raises ArgumentError for a transport
without it. The optional notify/3 sends notifications/initialized, so a
transport without it can open 2026-07-28 connections only; the optional
delete_session/2 ends a session the server identified. The :headers,
:on_response_headers, and :on_server_request options carry the
initialize-era session, as the behaviour documents.
Examples
examples/24_client_transports.exs runs the same calls in process, over stdio,
and over HTTP.


  

    Transports

The server core is synchronous: Snodo.Server.dispatch/3 runs one JSON-RPC
request in the calling process against an immutable runtime. Transports add
framing, concurrency, cancellation, and delivery around that core.
raw JSON-RPC map
  -> protocol registry and exact profile inspection
  -> selected dialect: context and admission
  -> core operation or negotiated extension route
  -> router callback (tool, resource, prompt, completion)
  -> protocol-neutral result, or an opened subscription
  -> selected dialect: wire and stream shaping
Executor
Snodo.Server.Executor is the transport-neutral execution layer: bounded
admission, a bounded queue, deadlines, cancellation tokens, and supervised
worker tasks, with cleanup when the submitting process dies. The stdio adapter
and the HTTP listener use it; an application can inject its own executor.
Limits on message content
Every transport decodes JSON with the same limits. An integer literal longer
than 64 digits is a parse error (-32700). A request id must be a string of at
most 256 bytes or an integer in the int64 range (-32600 otherwise), and a
progressToken must meet the same bounds (-32602 otherwise). These values are
echoed in every response and notification for a request, so an error for a
request whose id is out of bounds carries a null id instead.
Resource template matching is linear in the length of the requested URI, with
no backtracking, so the message size limit bounds it. Templates themselves are
limited to 1,024 bytes and 32 variables when the resource module compiles; see
Components.
Stdio
:ok = Snodo.Transport.Stdio.serve(MyServer.runtime())
serve/2 runs until EOF and until admitted requests finish, then returns.
Messages are one JSON object per line. Requests run concurrently, responses are
written atomically, and notifications/cancelled stops a request with no late
response. Output escapes non-ASCII characters as JSON \u escapes, so the
bytes do not depend on the device's encoding.
Options include :input and :output devices, :write_timeout (default
5,000 ms; a blocked write is terminal), :max_line_bytes (default 2,000,000;
a longer message is refused with -32600 before decoding), :request_timeout,
and :executor. A leading UTF-8 byte order mark is ignored.
Standard input is read in chunks that hold at most :max_line_bytes of a line
when the VM runs with -noinput, and on OTP 28 and later when stdin is a
socket, as Node.js clients provide. Otherwise the VM holds each line in full
before the limit applies. Clients that start the server with a pipe, as Python
and Erlang clients do, are bounded only with -noinput: elixir --erl -noinput,
emu_args for an escript, or vm.args for a release.
Logger output is redirected away from stdout by default, because stdout carries
only protocol messages.
Native HTTP listener
children = [
  {Snodo.Transport.StreamableHTTP.Server, runtime: MyServer.runtime(), port: 4000}
]
A dependency-free listener that binds to 127.0.0.1 by default and serves
POST /mcp. It answers one request per connection:
	application/json for ordinary results.
	text/event-stream when a handler reports progress, and for
subscriptions/listen, with keepalive comments and proxy buffering disabled.
	405 for GET and DELETE at /mcp. No session IDs are issued.

It checks media types, the mirrored MCP-Protocol-Version, Mcp-Method, and
Mcp-Name headers, the Mcp-Param-* headers for a tool's x-mcp-header
arguments (see Components), and
Origin when present: loopback names by default,
:allowed_origin_hosts to change, where an entry with a port
("localhost:3000") pins the port and an Origin with userinfo is refused.
:allowed_hosts additionally requires the Host header to name a listed host.
It is off by default, because a reverse proxy commonly forwards the public name.
A client disconnect cancels the request.
Options include :ip, :port, :path, :request_timeout, :read_timeout,
:max_header_bytes (32 KB, including the final \r\n\r\n), and
:max_body_bytes (2 MB). Body bytes received with the head count only toward
:max_body_bytes.
The listener is unauthenticated unless :request_gate is set to a
{module, options} implementing Snodo.Transport.StreamableHTTP.RequestGate.
The gate sees the parsed method, path, and headers before the body is read. It
can serve a separate route, refuse the request, or return trusted identity for
Snodo.Authorization. An invalid result or exception fails closed with 500.
The listener bounds the gate with :request_gate_timeout; the gate must also
bound and clean up any external calls it makes. For OAuth bearer tokens and
protected resource metadata, use Snodo.OAuth.ResourceServer.Native from
snodo_oauth.
Binding :ip outside loopback logs a startup warning, even with a request
gate: the native listener still serves plaintext HTTP. Bind it privately
behind a TLS reverse proxy, or use Snodo.Transport.Plug in an HTTP server
with TLS. Configure authentication with a request gate or in the Plug pipeline.
The listener also bounds what clients can hold open:
	:max_connections (default 1,024). A connection accepted at the limit is
closed without being read.
	:head_timeout (default 10,000 ms from accept). The request head must be
complete by then; :read_timeout (5,000 ms) still bounds each read.
	:request_gate_timeout (default 10,000 ms). A gate that does not return in
time gets a 504 response.
	:body_timeout (default 10,000 ms from the end of the head, or from gate
admission when a gate is configured). The request body must be read by then;
:read_timeout still bounds each read.
	:max_subscriptions (default 256). A subscriptions/listen stream over the
limit is closed at its source and the request gets 503. A slot returns when
the connection serving a stream exits, including a client disconnect.
	:drain_timeout (default 5,000 ms). How long a stopping listener waits for
open connections; see Shutdown.

Snodo.Transport.StreamableHTTP.Server.url/1 returns the endpoint URL, which is
useful with port: 0 in tests.
Shutdown
When the listener stops, including when its supervisor shuts it down, it
drains before exiting:
	The listening socket closes. New connections are refused.
	A connection whose request head or body is still arriving gets 503 and
closes. A request read in full before the drain began runs to its response.
	Each open subscriptions/listen stream gets its successful completion
response, its source is closed with reason :shutdown, and the connection
closes.
	Connections still open after :drain_timeout (default 5,000 ms) are killed.
Their executor work is cancelled and their subscription sources are closed.
	An executor the listener started is stopped. An executor passed with
:executor keeps running.

The default drain covers ordinary tool calls and fits, with the rest of an
application's shutdown, inside common stop windows such as Docker's 10-second
default. A platform with a shorter stop window, such as Fly's default 5-second
kill_timeout, needs a smaller :drain_timeout or a longer platform timeout.
Raise it toward :request_timeout when requests run longer and the host allows
a longer stop.
The listener's child spec sets :shutdown to :drain_timeout plus 5,000 ms so
the supervisor waits for the drain. A child spec that overrides :shutdown
must keep it above :drain_timeout; a supervisor that kills the listener
earlier skips the rest of the drain. The release or platform that stops the VM
must allow for the drain as well.
Component limits
The opt-in wrappers in Snodo.Component.Wrap bound individual tools,
resources, and prompts after router checks. They apply to direct, stdio, and
HTTP requests alike. Their defaults are:
	Wrapper	Default	Defined failure
	Timeout	timeout: 5_000 ms	Component timed out
	Concurrency	limit: 32 in-flight callbacks per component and key	Component concurrency limit reached
	RateLimit	limit: 60 calls per window_ms: 60_000, max_keys: 10_000 per component	Component rate limit reached or Component rate key capacity reached

All numeric options must be positive integers; an invalid declaration fails
compilation. Concurrency and rate wrappers use one shared bucket by default.
Pass key: fn context -> ... end to group by a stable context value such as a
verified principal. The core application owns the counters. Concurrency
permits return when a callback finishes or its process exits. Rate buckets
start with the first call for a key and reset after the configured window;
expired keys are pruned when capacity is needed. Counts reset if the core
application restarts. A rejected rate call consumes no callback work, while
an admitted call counts even if its handler later fails.
The Timeout wrapper runs the callback in a supervised task linked to the
request owner. The shared task supervisor admits at most 1,024 concurrent
timeout workers and returns Component timeout worker unavailable when full.
It stops a task on timeout or owner termination, but cannot undo external
side effects. The built-ins return tool isError results, or
JSON-RPC error -32603 for resources and prompts. If the core application is
not running, they return a defined unavailable error.
Plug and Bandit
The snodo_plug package provides Snodo.Transport.Plug for applications that
already run Plug, Bandit, or Phoenix, with their own authentication pipeline,
TLS, and timeouts:
children = [
  {Snodo.Server.Executor, name: MyApp.SnodoExecutor, max_concurrency: 32, max_queue: 128},
  {Bandit,
   plug: {Snodo.Transport.Plug, runtime: MyServer.runtime(), executor: MyApp.SnodoExecutor},
   ip: {127, 0, 0, 1},
   port: 4000}
]
It supports the same JSON, progress SSE, and subscription SSE lifecycles. Plug
only reveals a disconnect when a write fails, so a request still running after
:disconnect_probe_ms (default 5,000) switches to SSE and writes keepalive
comments; a failed write cancels the work. :max_subscriptions (default 256)
bounds open subscription streams; the count is held in the executor, so Plugs
that share an executor share it. :body_timeout (default 10,000 ms from when
the Plug starts reading) bounds the whole request body and answers 408; a
request that declares Transfer-Encoding gets 411 without being read. Over
HTTP/2 the deadline is checked only when an adapter read returns, so it does not
bound a client that keeps sending small DATA frames. See
the snodo_plug documentation and the
application stack for choosing between the native
listener and Plug.
Phoenix endpoint
Add snodo_plug and Bandit to the Phoenix application's dependencies. Keep the
existing endpoint; start the executor before it in the application supervisor:
children = [
  {Snodo.Server.Executor,
   name: MyApp.SnodoExecutor, max_concurrency: 32, max_queue: 128},
  MyAppWeb.Endpoint
]
Mount the transport in a dedicated router pipeline. The authentication Plug
must verify the caller, assign trusted identity with
Plug.Conn.assign(conn, :mcp_auth, %{principal: user.id}), and send a 401 or 403
response with halt/1 when access is denied. Do not copy an unverified header
into the assign. A verified client-instance identifier may also be assigned to
:mcp_cancellation_scope for cross-request cancellation; distinguish client
instances even when they share a user. The transport does not authenticate
callers itself. For OAuth 2.1 bearer tokens, the
snodo_oauth package supplies that plug,
the protected resource metadata document, and a scope policy.
pipeline :mcp do
  plug MyAppWeb.Plugs.MCPAuth
end

scope "/" do
  pipe_through :mcp

  forward "/mcp", Snodo.Transport.Plug,
    runtime: MyApp.MCPServer.runtime(),
    executor: MyApp.SnodoExecutor,
    path: "/mcp",
    max_body_bytes: 2_000_000,
    read_timeout: 5_000,
    body_timeout: 10_000,
    request_timeout: 30_000,
    allowed_origin_hosts: ["app.example.com"],
    allowed_hosts: ["app.example.com"]
end
Phoenix's forward removes the /mcp prefix from conn.path_info and adds it
to conn.script_name, but leaves conn.request_path as /mcp.
Snodo.Transport.Plug compares path: with conn.request_path, so keep the
full public path in that option. Replace the example hosts with the public host
names used by clients. An Origin header, when present, is checked against
allowed_origin_hosts; a value such as "localhost:3000" also restricts the
port. This is a host check, not a CORS policy. allowed_hosts checks the
request Host header, so include the Host
value your reverse proxy forwards. See the snodo_plug options
for defaults and response behavior.
The Plug needs the raw request body. Phoenix endpoint plugs run before the
router pipelines, and a generated endpoint commonly runs Plug.Parsers there.
Replace that parser plug with a conditional wrapper before plug MyAppWeb.Router;
keep the application's existing parser options for all other paths:
@parser_opts Plug.Parsers.init(
  parsers: [:urlencoded, :multipart, :json],
  pass: ["*/*"],
  json_decoder: Jason
)

plug :parse_non_mcp
plug MyAppWeb.Router

defp parse_non_mcp(%Plug.Conn{request_path: "/mcp"} = conn, _opts), do: conn
defp parse_non_mcp(conn, _opts), do: Plug.Parsers.call(conn, @parser_opts)
Do not add a body parser to the :mcp router pipeline. The MCP request
requires Content-Length, and a request declaring Transfer-Encoding gets 411.
With Bandit's Phoenix adapter,
set endpoint HTTP bounds alongside the transport bounds above. For example,
merge these options into the application's existing endpoint configuration:
config :my_app, MyAppWeb.Endpoint,
  adapter: Bandit.PhoenixAdapter,
  http: [
    port: 4000,
    http_1_options: [max_header_length: 10_000, max_header_count: 50],
    http_2_options: [enabled: false],
    thousand_island_options: [
      transport_options: [send_timeout: 5_000, send_timeout_close: true]
    ]
  ]
Set connection, header, read, write, and shutdown limits on the endpoint and
reverse proxy as well. The transport's body_timeout is checked when an adapter
read returns; under HTTP/2, a client sending small DATA frames can keep that
read open. Disable HTTP/2 on an endpoint serving untrusted MCP clients, as
above, or buffer request bodies at a proxy. Disabling it on the endpoint affects
all routes there. The finite send timeout bounds writes that the transport
cannot interrupt. The 21_plug_bandit.exs example
checks the transport without adding Phoenix to this repository's dependencies.
Other hosts
Snodo.Transport.StreamableHTTP.prepare/3 admits and decodes a
Snodo.Transport.StreamableHTTP.Request without running a handler. It returns
{:ok, prepared}, or {:response, response} when admission fails. execute/3
runs a prepared request and returns a Response or a StreamResponse. A
different HTTP server can translate its requests into that shape. handle/3
runs both steps synchronously.
HTTP client connections
Snodo.Client.connect({:http, url}, opts) keeps up to four pooled requests open
for that client and origin. Extra concurrent requests wait up to their request
timeout for a free connection. Set :pool_size to change the cap (default 4),
:pool_idle_timeout to change how long an unused connection stays open (default
30,000 ms), and :pool_max_requests to retire a connection after a fixed
number of requests (default 100). Each option requires a positive integer.
The client reuses only HTTP/1.1 responses with a complete Content-Length
body and no Connection: close directive. Event streams, responses framed by
socket close or chunked transfer, malformed responses, and failed requests
close their sockets. Event streams detach from the pool and use a separate
socket while they run. Snodo.Client.close/1 closes idle connections; active
requests finish on their own sockets. Response-size and page limits apply on
every request, including those sent over reused connections.
Examples
examples/04_stdio_concurrency.exs, 05_http_tools.exs, 21_plug_bandit.exs
(from integrations/plug), and 24_client_transports.exs.


  

    Recommended application stack

The current application target is MCP 2026-07-28, using the official
TypeScript client 2.1.0 as the interoperability baseline. This is a
tested slice of the protocol, not a full-conformance or all-host compatibility claim.
Compose the pieces your application needs
	Package	Responsibility	Application ownership
	snodo	Revision admission, routing, results, MRTR, progress, subscriptions, native transports	Tool/resource/prompt definitions, immutable runtime, execution and source supervision
	snodo_plug	Plug HTTP boundary, ordinary progress SSE and subscription streaming	Bandit/server choice, authenticated Plug pipeline, timeouts, TLS/proxy configuration
	snodo_jsv	Optional Draft 2020-12 argument/output validation through JSV	Original schemas, compile-once catalog policy, validation cost limits
	snodo_oauth	OAuth 2.1 resource server: protected resource metadata, bearer token verification, scope policy	Authorization server choice, resource identifier, key source, scopes per component
	snodo_telemetry	Optional instrumentation sink that emits :telemetry events	Metric definitions, handlers, aggregation and cardinality policy
	snodo_proxy	Optional aggregation of several MCP backends behind one endpoint	Backend targets, frontend transport, authentication, authorization and operational limits
	snodo_tasks	Exact-versioned Tasks extension and recoverable work lifecycle	WorkExecutor, store configuration, authorization and idempotency
	snodo_tasks_sqlite / snodo_tasks_postgres	Optional transactional Task persistence	Repo, migrations, database operations, backups and deployment topology

The dependency direction is one-way toward the core. Installing an integration
does not silently start a listener, migrate a database, enable a protocol version,
or replace the application's validator.
For an HTTP application, choose the Plug/Bandit integration
and JSV backend. The native HTTP listener
remains useful for an embedded endpoint, examples, and independent acceptance.
Stdio needs neither Plug nor Bandit. Basic is still available when its documented
subset is sufficient; it is not the recommended full-vocabulary validator.
The optional JSV adapter preserves data and advertised schemas: no coercion,
default insertion, atom conversion, remote reference fetching, or casting hooks.
It intentionally rejects references into annotation data and unsupported dialects.
It is not a sandbox for arbitrary untrusted schemas. Use an application-owned
compiled catalog for fixed schemas and bound execution. See example
22 and the package's precise policy.
Request progress is not a subscription
In an ordinary handler:
:ok = Snodo.Progress.report(context, 0, total: 2, message: "Fetching package metadata")
# Perform the first bounded stage.
:ok = Snodo.Progress.report(context, 1, total: 2, message: "Preparing the report")
# Return the usual Snodo.Result after finishing.
A client-supplied string/integer progressToken enables reporting. Without a
token or transport sink, valid reports are no-ops. Reports belong to the original
request worker, must increase strictly, and are acknowledged after the transport
writes them. Defaults permit one outstanding report, 1,000 updates, a 4 KiB
message, and a five-second acknowledgment wait. A timed-out outstanding report
does not permit unlimited queued retries. An application can decide whether a
reporting error should stop its work; progress delivery is not a durable record.
Stdio serializes complete JSON notifications before the terminal response.
Its write_timeout defaults to five seconds: one monitored helper performs each
serialized write while the coordinator waits boundedly. A stalled or failed
write ends the transport and cleans up its work; it never queues unlimited
writers or continues after an ambiguous timed-out write. Cancellation and EOF
handling may wait for that write bound, so this is not an asynchronous writer.
Native HTTP and Plug switch to request-scoped SSE only when a progress update is
written. After HTTP 200/SSE begins, a later typed error is the terminal JSON-RPC
error in that stream, not another HTTP status. With no emitted progress, ordinary
JSON response behavior is unchanged. Cancellation/deadline/disconnect cleanup
closes the sink. General incremental content streaming is outside this slice.
Portable Plug cannot immediately detect a silent client's disconnect before the
first write. Keep finite request and socket-write deadlines; streaming keepalive
failure cancels abandoned work. See its documented lifecycle limits rather than
assuming the native listener's read-side disconnect detection applies everywhere.
The official client's same-read-chunk progress callback race is recorded in
progress acceptance. Our unpaced wire
test requires all ordered notifications even when that client misses callbacks;
the production server does not add artificial delays to hide this limitation.
The protocol prose requires integer/string tokens while the generated schema's
numeric token branch is broader. Admission follows the prose and rejects a
fractional progressToken; progress amounts and totals may still be fractional.
Authentication and durable work
Authenticate before the MCP Plug and pass only verified identity through the
trusted auth assign. Do not promote JSON metadata or arbitrary request headers
into a principal. Configure per-client cancellation scope when using that
optional adapter feature, since independent clients can reuse JSON-RPC IDs.
Tasks remain opt-in. Persist serializable work descriptors, not closures or
transport context. Scope every Task read/update/subscription to the authenticated
principal, and treat recovery as at-least-once execution. A stable idempotency
key is available; deduplicating external effects is application responsibility.
Status notifications are observations, not a replacement for authoritative
store reads or a durable event delivery guarantee.
Authorization at the component boundary
Authentication stays in the application's Plug pipeline; only the verified
identity reaches Snodo.Context.auth. Authorization over the catalog is a
separate, optional runtime option:
MyApp.Server.runtime(authorization: {MyApp.Policy, catalog: MyApp.Catalog})
MyApp.Policy.authorize/4 receives the phase, an Snodo.Authorization.Component,
the derived Snodo.Context, and the configured options. Return :ok or
{:error, %Snodo.Error{}}. The router applies the decision before argument
validation and before any tool, prompt, resource, or completion callback, so a
guessed name cannot produce a side effect. By default, a refusal carries the
application's own error; refusal: :conceal in the policy options makes it
answer like an unknown component.
Keep the following in mind when writing a policy:
	It runs on every listed component during discovery and once per invocation,
so keep it allocation-light and free of network or database calls; pass a
precomputed catalog through the options instead.
	Discovery refusals are ordinary filtering. Record audit events on the
:invocation branch, which is the actual boundary violation.
	Choose the refusal code. JSON-RPC reserves -32000..-32099 for
implementation-defined server errors, and Snodo.Error.authorization/3 builds
one. Over HTTP an application refusal is a JSON-RPC error inside a 200
response; HTTP status codes remain the authentication layer's concern.
	Capability advertisement is catalog-wide. A context that can see no tools
still sees the tools capability, because capabilities describe the server.
	Subscription sources are application-owned and receive the same context;
filter their events yourself.

Protocol-version support
2026-07-28 is the only dialect enabled by default. Snodo.Protocol.V2025_11_25
and Snodo.Protocol.V2025_06_18 are opt-in: list them in protocols: to serve
clients that still negotiate with initialize. They implement the older
initialization and result shapes without HTTP sessions, and leave out Tasks,
subscriptions, and server requests. See
Initialize-era clients.
The registry is an allowlist, not an automatic translator. A client whose
version is not enabled cannot use the server by connecting or by changing a
header.
Verification boundaries
The compatibility matrix, protocol evidence,
and application readiness plan keep unit tests,
independent schema checks, real-client acceptance, and external conformance separate.
Local runs do not establish that remote CI has executed. Database deployment,
operational load/soak, authentication policy, HTTP/2/TLS acceptance, deprecated
roots/sampling against real hosts (only the frozen runner and literal vectors
exercise them), and additional MCP hosts require their own evidence.


  

    Ordinary MRTR and elicitation

The first general MRTR slice supports ordinary tools, resources, and prompts
with form/URL elicitation, the deprecated sampling and roots input requests,
and state-only continuations. It uses public APIs, preserves the synchronous
core, and needs no server-owned waiting process. The implementation follows
the pinned 2026-07-28 MRTR contract
and elicitation contract.
Authoring an interactive operation
	Build a bare request with Snodo.Elicitation.form/2 or url/2.
	Inspect Snodo.Elicitation.response(context, "choice", request).
	On :missing, return {:ok, Snodo.Result.input_required(input_requests: %{"choice" => request})}. That ends this request; it does not suspend it.
	On retry, consume the named response, validate any state, then return the
feature's normal result. Ignore inputs you do not need and re-request missing
answers. Partial answers needed on a later retry belong in protected state.

The component's arguments do not gain hidden keys. Retry data is available as
context.input_responses and context.request_state. The raw originating
method and params are available as request_method and request_params for
binding verification. These are framework-owned fields; middleware should not
rewrite them when forwarding context to a handler.
Use example 20 and its
shared workflow for a complete,
read-only preference flow that works as a tool, resource, and prompt:
mix run examples/20_mrtr_elicitation.exs --check
mix compile --warnings-as-errors
node interop/official_client/check_mrtr.mjs

The Node command needs the pinned dependencies installed with
npm ci --ignore-scripts in interop/official_client. It defaults to the dev
build; SNODO_EBIN selects a different compiled core. Its five automatic
workflows run over stdio and the native HTTP listener without public services,
opening a browser, or performing application mutations.
Sampling and roots (deprecated)
SEP-2577 deprecates the server-initiated sampling/createMessage and
roots/list requests in 2026-07-28. Both are still defined by the protocol
schema and scored by the official conformance runner, so a handler may return
them as input requests next to elicitation. Prefer elicitation for new
designs.
	Build a bare request with Snodo.Sampling.create_message/2 (messages from
Snodo.Prompt.message/2, a required :max_tokens, and optional model
preferences, system prompt, stop sequences, temperature, :include_context,
provider :metadata, :tools, and :tool_choice) or Snodo.Roots.list/0.
	Inspect Snodo.Sampling.response(context, "summary", request) or
Snodo.Roots.response(context, "client_roots", request). A valid sampling
response is a CreateMessageResult (role, content, model, optional
stopReason); a valid roots response is a ListRootsResult whose root
URIs start with file://. Malformed responses return -32602.
	On :missing, return Snodo.Result.input_required/1 as for elicitation.
One result may mix all three kinds; the dialect checks every request
against the client's capabilities and refuses the whole result with
-32021 when any is undeclared. Its requiredCapabilities is a
ClientCapabilities object naming each unsupported request's need, such
as {"sampling": {"tools": {}}, "roots": {}}. Sampling needs sampling,
plus sampling.tools for :tools or :tool_choice and sampling.context
for an :include_context other than "none"; roots needs roots.

Sampled content is model output the client chose to return: treat it as
untrusted input, bound what you keep in signed state, and never follow it as an
instruction. A root is a client claim about its file system, not an access
grant; check every derived path against the application's own authorization.
The conformance fixture in conformance/support/mrtr.ex shows a sampling
tool, a roots tool, a three-kind result with signed partial progress, and a
tool that requests only the kinds the client declared. On the client side,
Snodo.Client answers both kinds through its :sampling and :roots input
handlers and declares the matching capabilities only when a handler is
installed; see the client guide.
State and effects
Snodo.MRTR.State.seal(data, context, secret: secret, principal: principal) returns
an opaque signed token. Use the same options with open/3 on retry. The helper
binds the method, salient parameters, explicit principal, and expiry, rejects
tampering, and bounds token size. JSON-RPC IDs and top-level retry/metadata fields
are excluded from the binding; nested argument fields are not. Map order does
not matter, but array order and numeric types do.
The application must provide a cryptographically random secret of at least
32 bytes and select the principal from trusted authentication context. Explicit
principal: nil means anonymous. The example uses a process-lifetime random
secret for anonymous loopback use; distributed deployments need shared secret
management. The default TTL is 300 seconds, capped at 900 seconds.
Key rotation
With secret:, replacing the secret rejects every token in flight, and every
node behind a load balancer has to switch at the same moment. Pass a keyring
instead:
keys = [{"2026-10", current_secret}, {"2026-09", retired_secret}]
Snodo.MRTR.State.seal(data, context, keys: keys, principal: principal)
Snodo.MRTR.State.open(token, context, keys: keys, principal: principal)
seal/3 signs with the first key and writes its identifier into the token.
open/3 verifies with the key the token names and rejects an unknown
identifier with the same -32602 error as any other invalid state. A keyring
holds 1 to 8 keys; identifiers are unique, 1 to 32 characters from A-Z,
a-z, 0-9, _, and -, and readable in the token. Pass exactly one of
secret: and keys:. Invalid options raise ArgumentError.
To replace key a with key b in a cluster, deploy each step to every node
before starting the next:
	keys: [{"a", a}, {"b", b}]: nodes seal with a and accept b.
	keys: [{"b", b}, {"a", a}]: nodes seal with b and accept a.
	Wait for the largest TTL in use (at most 900 seconds) after the last node
finishes step 2, then deploy keys: [{"b", b}].

At every step, a node on the previous configuration opens what a node on the
new one seals, and the reverse. A token sealed with secret: s opens with any
keyring that contains s, and a token sealed by a keyring opens with
secret: s when its key is s, so moving from secret: s to
keys: [{"a", s}] needs no coordinated switch either.
Tokens are readable, not encrypted. Do not put secrets in them. They can be
reused until expiry, so one-time operations need application-owned replay
tracking and idempotency. Authorization must still be checked on every request.
Do not perform a non-idempotent effect before returning input-required and assume
that the client will retry exactly once, or at all.
Admission, errors, and composition
The dialect checks outgoing input-required placement and current peer
capabilities after middleware returns. Only tools/call, resources/read,
and prompts/get support this core result variant. The raw wire escape hatch
does not bypass these checks. A missing elicitation mode, sampling, or
roots capability returns -32021 with the merged requiredCapabilities;
malformed retry envelopes return -32602 before the component runs.
Unsupported result placement is a server error.
The optional dialect validate_result/3 hook does not change custom dialects
that omit it. Extension middleware runs anew on every retry and cannot enlarge
the original client's capabilities by passing an altered handler context.
Custom extension routes still own their semantics; embedded methods are not
top-level RPCs or new extension route registrations.
Typed callback failures ({:error, %Snodo.Error{}}) keep their documented
JSON-RPC error semantics for tools as well as resources and prompts. Explicit
Snodo.Result.error/2 and untyped tool failures are tool error results
(isError).
This distinction matters for invalid elicitation answers and failed state
verification.
Input-required responses bypass final structured-output validation and resource
cache decoration. Final results still use the normal schema/content validation.
No executor slot is retained after the response. Elicitation action: "cancel"
is a returned user choice, separate from cancelling an active protocol request.
Deliberate limits
	This slice supports elicitation, the deprecated sampling and roots input
requests, and state-only continuation. Extension-owned embedded request
registration remains unsupported. Snodo.Client answers all three kinds
through its input handlers (see the client guide), and the
pinned official client check exercises all three.
	Sampling requests are validated structurally (message roles, content block
shapes, model preferences, tools, and tool choice), not semantically: the
server does not check that a tool result answers an earlier tool use.
	Form schemas use the restricted flat primitive/enum subset, not arbitrary
JSON Schema. Unsupported keywords are rejected. Formats have documented
syntactic checks, not full RFC or service validation. The optional JSV backend
provides general tool schema validation; it does not widen this
protocol-specific form subset. See the application stack.
	Form mode must not collect credentials. URL helpers accept HTTP(S) navigation
only. URL acceptance indicates consent, not completion of an external action;
applications must check that independently.
	Ordinary MRTR is not automatically converted into Tasks mid-flight input.
Finish synchronous MRTR before creating a task, or use Tasks.await_input/3
inside a task. A terminal task result cannot be another ordinary continuation.
	The pinned TypeScript client rejects empty inputRequests without a state
string, despite the schema allowing an empty map. Core literal tests preserve
the schema's shape; examples use nonempty input or state-only responses.
	Official-client acceptance is not a fresh external conformance-runner score,
full wire-schema validation, or evidence for every MCP host.

Test coverage
The literal acceptance suite covers all three feature families over direct,
stdio, and HTTP adapter boundaries; the independent client also uses a real
HTTP listener. Coverage includes multiple inputs, partial answers, repeated
rounds, extra IDs, declined/cancelled input, malformed responses, tampered state,
capability changes, final-output validation, and extension guards. Sampling and
roots have their own literal round trips, malformed-response checks, and
-32021 shapes for sampling, sampling.tools, sampling.context, roots,
and mixed results.


  

    Subscriptions

subscriptions/listen opens a request-scoped stream of change notifications:
list changes for tools, prompts, and resources, and updates to specific
resources. Subscriptions are not router state. The application supplies the
events through a source.
One request may name at most 1,000 URIs in resourceSubscriptions; a longer
list is refused with -32602.
Sources
A Snodo.Subscription.Source opens a handle for one listen request, agrees to a
subset of the requested filter, blocks in next/2 until it has an event, and
closes the handle on cancellation, disconnect, completion, or failure.
next/2 may be called for a handle after close/3 has closed it. When a
stream ends, the framework stops the worker that pulls events and closes the
handle from a different process, so a pull from that worker can reach the
source after the close. Return :closed for a closed handle rather than raise
or crash the source process.
The framework:
	writes the required acknowledgement before pulling the first event;
	never pulls a second event until the previous one is written;
	closes the source when the process serving the stream exits for any reason,
including when it is killed;
	stamps the originating request ID on every message;
	drops core events the client did not ask for;
	sends a terminal response when the source completes.

Configure the source on the server, and advertise listChanged or subscribe
only when one is installed (the runtime refuses to advertise them otherwise):
use Snodo.Server,
  name: "my-server",
  version: "1.0.0",
  subscription_source: {MyApp.ChangeSource, source_options},
  capabilities: %{"tools" => %{"listChanged" => true}}
The hub
Applications that do not need a custom source can supervise
Snodo.Subscription.Hub and hand its source to the runtime:
{:ok, hub} = Snodo.Subscription.Hub.start_link(name: MyApp.Hub)
runtime = MyServer.runtime(subscription_source: Snodo.Subscription.Hub.source(hub))

Snodo.Subscription.Hub.publish(hub, Snodo.Subscription.Event.tools_list_changed())
The hub keeps a bounded, filter-aware queue per listener with an explicit
overflow policy and delivery statistics. It never detects changes or changes the
router; the application publishes when its catalog or resources change.
Across connected nodes
The hub is local to one node. A deployment can forward events from its message
bus into a hub on each node while keeping the hub as its subscription source.
This example uses OTP :pg
and needs no extra package. Start the same :pg scope and one bridge on every
directly connected Erlang node that serves subscriptions:
defmodule MyApp.SubscriptionBridge do
  use GenServer

  alias Snodo.Subscription.Hub

  @scope MyApp.SubscriptionGroup
  @group {__MODULE__, :events}

  def start_link(hub), do: GenServer.start_link(__MODULE__, hub, name: __MODULE__)
  def publish(event), do: GenServer.call(__MODULE__, {:publish, event})

  @impl GenServer
  def init(hub) do
    :ok = :pg.join(@scope, @group, self())
    {:ok, hub}
  end

  @impl GenServer
  def handle_call({:publish, event}, _from, hub) do
    case Hub.publish(hub, event) do
      {:ok, local_report} ->
        @scope
        |> :pg.get_members(@group)
        |> Enum.reject(&(&1 == self()))
        |> Enum.each(&send(&1, {:subscription_event, event}))

        {:reply, {:ok, local_report}, hub}

      {:error, _reason} = error ->
        {:reply, error, hub}
    end
  end

  @impl GenServer
  def handle_info({:subscription_event, event}, hub) do
    _result = Hub.publish(hub, event)
    {:noreply, hub}
  end
end
Supervise the scope, local hub, and bridge in that order under a dedicated
:rest_for_one supervisor. Restarting the scope or hub then restarts the
bridge so it rejoins the group with a live hub. Use the same scope and group
names on every node in this deployment:
children = [
  %{id: MyApp.SubscriptionGroup, start: {:pg, :start_link, [MyApp.SubscriptionGroup]}},
  {Snodo.Subscription.Hub, name: MyApp.SubscriptionHub},
  {MyApp.SubscriptionBridge, MyApp.SubscriptionHub}
]

{:ok, _supervisor} = Supervisor.start_link(children, strategy: :rest_for_one)

runtime =
  MyServer.runtime(
    subscription_source: Snodo.Subscription.Hub.source(MyApp.SubscriptionHub)
  )

MyApp.SubscriptionBridge.publish(Snodo.Subscription.Event.tools_list_changed())
The bridge validates an event through its local hub before forwarding it. The
returned delivery report describes only that local hub. Remote sends have no
acknowledgement. Each receiving hub applies its own listener filters and queue
limit. For an existing message bus, replace the :pg send and group membership
with a bus subscription and publish into the local hub, or implement
Snodo.Subscription.Source directly.
:pg membership converges after nodes connect directly; its view does not
relay membership through an intermediary node. A new bridge can miss events
until peers learn about it. During a network split, nodes cannot deliver events
to peers they cannot see. Neither :pg nor the hub replays missed events after
reconnection. A node or local scope restart also loses its in-memory listeners
and queued events. Clients should reopen streams and refresh the affected
catalogs or resources. For durable delivery or high event volume, use an
application-owned bus with its own replay and backpressure policy. The hub's
per-listener bound does not bound the bridge process's incoming mailbox.
examples/27_distributed_subscriptions.exs checks the bridge with two local
hubs and verifies that each hub still filters events. Run the same bridge and
scope on separate directly connected nodes for cross-node delivery.
Transports
Stdio multiplexes streams on one connection and ends one with
notifications/cancelled. HTTP answers with text/event-stream, disables proxy
buffering, sends keepalive comments, and treats a closed socket as
cancellation.
The client
Snodo.Client.listen/3 opens a stream over the direct client, stdio, and
HTTP. It returns a Snodo.Client.Subscription once the acknowledgement
arrives, with the filter the server accepted, and delivers each event to the
owning process as a {:notification, method, params} message on demand, with
a bounded buffer in between. See The client.
Extensions
An exact-versioned extension may add filter fields and shape its own events on
the same lifecycle. The Tasks package uses this for taskIds and
notifications/tasks. See Extensions.
Examples
examples/16_subscriptions.exs (a hand-written source),
18_subscription_hub.exs (the hub), 27_distributed_subscriptions.exs
(:pg forwarding), and 17_tasks_subscriptions.exs (Tasks status streams,
run from extensions/tasks).


  

    Authorization

Authorization is an optional seam, not a role system. The application supplies a
policy module; snodo calls it and enforces the decision.
defmodule MyApp.Policy do
  @behaviour Snodo.Authorization

  @impl true
  def authorize(_phase, %Snodo.Authorization.Component{kind: :tool, name: "admin_reset"}, context, _options) do
    if admin?(context.auth), do: :ok, else: {:error, Snodo.Error.authorization(-32_003, "Not permitted")}
  end

  def authorize(_phase, _component, _context, _options), do: :ok

  defp admin?(%{"role" => "admin"}), do: true
  defp admin?(_auth), do: false
end

defmodule MyApp.Server do
  use Snodo.Server,
    name: "my-server",
    version: "1.0.0",
    authorization: {MyApp.Policy, []}
end
Where it applies
The seam sits inside the router, below every transport and dialect, so direct
dispatch, stdio, the native HTTP listener, and Plug share one decision.
	Phase	Operations	Effect of a refusal
	:discovery	tools/list, prompts/list, resources/list, resources/templates/list	the component is left out of the list
	:invocation	tools/call, prompts/get, resources/read, completion/complete	by default the request fails with the policy's own Snodo.Error, before argument validation and before any application callback

Filtering happens before paging, so a cursor belongs to the catalog that
context can see and expires if replayed against a different one.
Concealing refused components
Set refusal: :conceal in the policy options to return the same JSON-RPC error
as an unknown component when the policy refuses an invocation:
authorization: {MyApp.Policy, [refusal: :conceal]}
Map options with an atom :refusal key work too. The policy still receives
the options unchanged and runs for the refused invocation, so it can record an
audit event. Discovery filtering and policy faults retain their usual behavior.
For initialize-era tool calls, the policy decides before the server reports
that a tool's schema cannot be expressed in that dialect.
For a resource template, component.uri is the registered template, while
component.requested_uri is the concrete URI on resources/read and on a
subscription read check. A policy can refuse one URI without hiding or
refusing the whole template:
def authorize(:invocation,
      %Snodo.Authorization.Component{
        kind: :resource_template,
        requested_uri: "file:///private/report"
      }, _context, _options) do
  {:error, Snodo.Error.authorization(-32_003, "Not permitted")}
end
requested_uri is nil during discovery and template completion because
neither names a concrete resource. It is also nil for other component kinds.
The Tasks extension runs the :invocation check, and argument validation,
when it accepts a task-augmented tools/call, before it stores anything. Work
that a durable executor later runs has already passed the check. Inside the
task worker, context.request_method is still "tools/call".
What it does not do
	It does not authenticate. context.auth is whatever the transport or
application put there: a Plug pipeline, the native listener's request gate,
or auth: on Snodo.Client.direct/2 (Snodo.Test.Assertions.client_as/3)
in tests.
	It defines no roles, scopes, or refusal codes. The application chooses the
code (JSON-RPC reserves -32000 to -32099 for implementation-defined errors).
For OAuth scopes, snodo_oauth ships
Snodo.OAuth.ResourceServer.ScopePolicy, a policy keyed on the scopes a
bearer token grants.
	It does not log. The callback is the place to record refusals.
	It does not filter list-changed notifications, which carry no component
data. Subscription sources receive the same context for anything else.

A subscriptions/listen request's resourceSubscriptions pass through the
:invocation check as reads: a resource the caller may not read is left out of
the accepted filter, so its updates are never delivered. A URI that no resource
matches is kept, since there is no component to decide on.
With a policy, the tools, prompts, and resources caches must use scope
"private": results differ per principal, and a public hint would let a shared
cache hand one principal's result to another. Snodo.Server.Runtime.new/1
raises otherwise.
A policy that raises or returns anything else is a fault: the operation fails
rather than silently emptying a catalog. The callback runs once per listed
component, so keep it cheap.
Example
examples/23_authorization.exs.


  

    Extensions

An extension adds negotiated behavior without changing the core protocol
profile. It implements Snodo.Extension, declares exact-versioned
Snodo.Extension.Method values, and is installed on the server:
use Snodo.Server,
  name: "my-server",
  version: "1.0.0",
  extensions: [MyApp.Extension]
Runtime construction rejects duplicate extension IDs, methods that collide with
any core method (including unsupported and MRTR-only ones), and collisions
between extensions. An installed route runs only when both peers advertise the
extension and its callback accepts the negotiation. An advertised, compatible
extension may also wrap core dispatch and contribute HTTP policy through generic
hooks. An installed but unadvertised extension does nothing.
Middleware that stores or defers a call instead of passing it on calls
Snodo.Extension.check_dispatch/3 first, so the deferred work passes the same
lookup, authorization, and argument checks as a direct call.
See examples/06_custom_extension.exs.
Tasks
snodo_tasks implements the io.modelcontextprotocol/tasks extension on those
hooks. It augments tools/call, keeps tasks/get, tasks/update, and
tasks/cancel outside the core catalog, and adds taskIds filters and
notifications/tasks to subscriptions.
The application owns the store and runner. The package includes memory and
DETS stores; snodo_tasks_postgres and snodo_tasks_sqlite add
transactional stores behind an application-owned Ecto Repo. Recovery is
at-least-once, so work must use its stable idempotency key for external
effects.
	Tasks package, including the
stress-testing harness
	Writing a Tasks store
	PostgreSQL store
	SQLite store

Examples 07, 08, 09, and 17 run from extensions/tasks; example 10 from
extensions/tasks_postgres with a live database; example 11 from
extensions/tasks_sqlite.


  

    Instrumentation

Snodo.Instrumentation is a dependency-free, opt-in event sink. It keeps
observability outside protocol semantics and lets an application bridge the
same events to :telemetry, OpenTelemetry, Logger, a metrics process, or a
test collector. The snodo_telemetry package ships the :telemetry bridge;
see Forwarding to :telemetry.
A sink implements one callback:
defmodule MyApp.MCPTelemetry do
  @behaviour Snodo.Instrumentation

  @impl true
  def handle_event(name, measurements, metadata, _options) do
    :telemetry.execute(name, measurements, metadata)
  end
end
Configure the server runtime, subscription hub, and Tasks runner explicitly:
sink = {MyApp.MCPTelemetry, []}

{:ok, hub} =
  Snodo.Subscription.Hub.start_link(
    name: MyApp.SubscriptionHub,
    instrumentation: sink
  )

runtime =
  MyServer.runtime(
    instrumentation: sink,
    subscription_source: Snodo.Subscription.Hub.source(MyApp.SubscriptionHub)
  )

{:ok, runner} =
  Snodo.Extensions.Tasks.Runner.start_link(
    store: store_ref,
    instrumentation: sink
  )
The callback is synchronous, matching :telemetry.execute/3; applications
should keep it fast and hand expensive work to another process. Callback
faults are caught so they cannot change the observed operation's result. Events
do not include arbitrary request params, auth data, work input, access values,
task results/errors, or input responses. Dispatch events may include the
validated trace fields described below.
Dispatch method metadata contains the incoming method only when it is a
string of at most 128 bytes. A missing, non-string, or longer method is
reported as :invalid before the request envelope is validated.
When request _meta contains a valid W3C traceparent, dispatch events include
it as :traceparent metadata and include :tracestate when that value is valid.
Handlers read the same extracted fields with string keys from
context.trace_context; when it contains "traceparent", this map can be passed
as a client's :trace_context option. The original values remain in
context.metadata. Malformed values do not reject the request and are omitted
from the extracted fields. A traceparent over 512 bytes, or a tracestate
over 512 bytes or 32 members, is omitted too.
Do not use these identifiers as metric tags; their values vary per request.
Durations use the VM's native monotonic time unit. Convert them with
System.convert_time_unit(duration, :native, desired_unit).
Event catalog
	Event	Measurements	Metadata
	[:snodo, :server, :dispatch, :start]	system_time	method, request_id, transport, optional traceparent and tracestate
	[:snodo, :server, :dispatch, :stop]	duration	start metadata plus outcome; errors add error_code
	[:snodo, :server, :dispatch, :exception]	duration	start metadata plus kind and bounded reason_class
	[:snodo, :subscription, :open]	current subscriptions	request_id, transport, sorted filter_keys
	[:snodo, :subscription, :publish]	matched, delivered, buffered, dropped, total queued	event_kind; extension events add extension_id
	[:snodo, :subscription, :overflow]	dropped, total queued	publish metadata plus overflow policy
	[:snodo, :subscription, :complete]	current subscriptions, total queued	none
	[:snodo, :subscription, :close]	remaining subscriptions	classified reason
	[:snodo, :tasks, :runner, :job, :start]	current jobs, system_time	task_id, revision, source
	[:snodo, :tasks, :runner, :job, :stop]	duration, remaining jobs	task_id, job outcome, store_outcome, release_outcome
	[:snodo, :tasks, :store, :transition]	duration	task_id, expected_revision, event_kind, authority, outcome

The names and bounded metadata are framework API. A particular metrics backend,
aggregation policy, sampling policy, and task-ID cardinality policy remain
application concerns.
Forwarding to :telemetry
The snodo_telemetry package provides Snodo.Instrumentation.Telemetry, a
sink that hands every event in the catalog to :telemetry.execute/3 under the
same name, with the same measurements and metadata. Tooling that consumes
:telemetry events, such as telemetry_metrics, Phoenix LiveDashboard, and
the OpenTelemetry instrumentations, then sees the events without an
application-written bridge.
{:snodo_telemetry, "~> 0.4.1"}
Pass the module wherever a sink is accepted:
runtime = MyServer.runtime(instrumentation: Snodo.Instrumentation.Telemetry)
The sink adds one metadata key. The :start, :stop, and :exception
events of one dispatch or one runner job share a telemetry_span_context
reference, as :telemetry.span/3 emits it, so a handler can pair a stop or
exception with its start. The reference lives in the emitting process between
the two events: nested dispatches in one process form a stack, and runner
jobs, which interleave in the runner process, are keyed by task_id. The
subscription and store-transition events are not spans and are forwarded
without the key. Measurements are forwarded unchanged, so duration stays in
native time units:
[
  Telemetry.Metrics.summary("snodo.server.dispatch.stop.duration",
    unit: {:native, :millisecond},
    tags: [:method, :outcome]
  ),
  Telemetry.Metrics.counter("snodo.server.dispatch.exception.duration",
    tags: [:method, :reason_class]
  ),
  Telemetry.Metrics.last_value("snodo.subscription.publish.queued"),
  Telemetry.Metrics.distribution("snodo.tasks.runner.job.stop.duration",
    unit: {:native, :millisecond},
    tags: [:outcome]
  )
]
:telemetry runs handlers in the emitting process, inside the dispatch, the
hub call, or the runner, so the advice above about fast callbacks applies to
them too. A handler that raises is detached by :telemetry; the observed
operation is not affected.
The opt-in Tasks contention and soak harness consumes the
job and transition events directly. Its exact lifecycle invariants illustrate
one way to build correctness evidence without coupling the framework to a
metrics dependency or a machine-specific latency threshold.


  

    Initialize-era compatibility

The runtime remains 2026-only by default. Applications can opt into
Snodo.Protocol.V2025_11_25 and Snodo.Protocol.V2025_06_18 alongside
Snodo.Protocol.V2026_07_28, in that preference order after the latest dialect.
Merely loading a module does not enable it.
HTTP
initialize selects the exact requested enabled legacy version, or the first
configured initialize-capable dialect for an unsupported proposal. Malformed
initialization and conflicting version headers fail. Subsequent requests use
MCP-Protocol-Version; missing headers are rejected because the March 2025
fallback dialect is not implemented. Initialization does not require that header.
notifications/initialized returns an empty HTTP 202 response. Ping is supported.
GET and DELETE return 405. JSON-RPC errors from executing a request, such as an
unknown tool or method, are returned with HTTP 200, because clients of these
revisions treat a non-2xx answer as a transport failure and 404 as an expired
session. Admission failures (media type, Origin, a missing or unsupported
MCP-Protocol-Version) keep their 4xx statuses. There is no HTTP session ID, session process, retained
client capability state, or lifecycle registry. Authentication remains application
owned and is evaluated for each request; session or client metadata never becomes
an identity. Applications must supply the existing cancellation scope for peers
that need separate request-id namespaces.
Stdio
Over stdio the version is negotiated once per connection. initialize selects
a version as it does over HTTP, and Snodo.Transport.Stdio records the version
from the successful result. Every later message on the connection is handled
as if it carried MCP-Protocol-Version with that version, so dialect
selection, validation, and result shaping are the same as over HTTP.
notifications/initialized gets no reply, and a repeated initialize
negotiates again. A request sent before initialize carries no version and is
not handled by a legacy dialect. A 2026-07-28 client never sends initialize,
so its messages are unaffected. Progress and notifications/cancelled work as
they do for 2026-07-28 clients on the same transport.
Shared behavior
The shared router handles tools, prompts, resource lists/templates/reads,
completion and pagination. Legacy wire shaping omits 2026 resultType, cache and
server metadata fields. Legacy structured output and output schemas require an
object. A tool whose input or output schema is not an object is left out of
tools/list on these dialects, and a call to it returns -32602 before it runs;
Snodo.Server.Runtime.new/1 logs a warning naming such tools when a legacy
dialect is enabled. The 2026-07-28 dialect still lists and calls them.
Execution errors retain readable content with isError; protocol errors
remain JSON-RPC errors. Request-bound progress can use SSE; cancellation retains
the executor's authenticated isolation. Unsupported Tasks, continuation inputs,
subscriptions and server requests are not advertised. No Tasks or
session-manager behavior is added.
Configured capabilities must be valid for every enabled profile. For a mixed
runtime, use the implemented base tools/prompts/resources/completions capabilities;
listChanged and subscribe remain unavailable on this legacy slice. Applications
that need latest-only subscriptions can expose a separate 2026-only runtime.
Official conformance
The official runner's frozen 2025-11-25 requirement set runs in CI against a
fixture with these dialects enabled: 21 of 30 required scenarios pass. The
2025-06-18 run has no frozen set; 21 of its 27 scenarios pass. The failures are
logging/setLevel, server-initiated sampling and elicitation, and
resources/subscribe, which this slice does not implement, plus a warning that
no session ID is issued. See the
conformance lanes.
Snodo.Client as an initialize-era client
Snodo.Client speaks these two versions as well as 2026-07-28, so it can call
a server built on an older SDK, or a snodo server configured with only these
dialects. By default connect/2 probes with server/discover and falls back
to initialize with 2025-11-25, then 2025-06-18; protocol: pins a version.
The negotiated session, the Mcp-Session-Id handling, DELETE on close, and
the routing of the server's own requests (elicitation/create,
sampling/createMessage, roots/list) to the client's input handlers are
described in the client guide.
Against a snodo server with these dialects, a direct, stdio, or HTTP client
negotiates without any application code: the runtime's registry (direct) or
the probe (stdio and HTTP) picks the version.
Native client evidence
HTTP loopback checks on 2026-09-21 against a real application server:
	Claude Code 2.1.273 mcp list initializes with 2025-11-25, connects, and
lists tools.
	Codex 0.149.0 initializes with 2025-06-18, lists tools, resources, and
resource templates, calls a tool, and reads both a fixed resource and a
templated one.
	A restricted Claude print session uses 2026-07-28 server/discover and calls
the same tool.

Stdio checks on 2026-09-26 against a probe server with these dialects enabled:
	Codex 0.157.1 initializes with 2025-06-18, sends notifications/initialized,
lists tools, and calls a tool.
	Claude Code 2.1.283 sends a 2026-07-28 server/discover probe, lists tools,
and calls the same tool. It does not use these dialects.

These checks show that the implemented workflows work with those clients. They
are not general SDK conformance. The test suite covers literal legacy requests,
shared routing, pagination, rejection cases, mixed-version routing, HTTP
progress, cross-principal cancellation, and stdio negotiation.


  

    Compatibility and migration evidence

The executable compatibility policy lives in
compatibility.yml. It separates
language/runtime compatibility, database behavior, and migration behavior so a
pass in one lane cannot be presented as evidence for another.
The workflow runs on every pull request and every push to main. A
combination counts as evidence only from a successful run of its job.
BEAM matrix
All nine packages declare Elixir ~> 1.18: core, Tasks, two Tasks databases,
Plug integration, JSV validation integration, OAuth resource server
integration, the :telemetry sink, and the aggregating proxy. The matrix exercises these supported
pairs:
	Lane	Elixir	Erlang/OTP	Evidence
	minimum	1.18	27	Aggregate formatting, warning-free compilation, strict Credo, tests, contracts, and examples
	intermediate	1.19	28	Same aggregate quality gate
	current	1.20	29	Aggregate quality plus Dialyzer for all packages

These are intentional diagonal pairs, not a claim for every Cartesian
combination. Elixir's compatibility table supports 1.18 on OTP 25–27, 1.19 on
OTP 26–28, and 1.20 on OTP 27–29; this project currently chooses OTP 27 as its
minimum operational target. Expanding the OTP floor requires a separate lane
rather than inference from the Elixir version requirement. The pairings follow
Elixir's official compatibility table,
and the workflow uses the Erlang Ecosystem Foundation's
setup-beam action.
Independent protocol and client lanes
The current BEAM lane also runs the lockfile-pinned official TypeScript client
2.1.0 baseline, MRTR, and progress checks over stdio and native HTTP. Progress
wire correctness and the SDK's callback scheduling limitation are recorded
separately.
protocol.yml adds independent jobs:
the exact frozen alpha.11 conformance runner's server and client legs, the same
server fixture through the Plug adapter, the initialize-era dialects at
2025-11-25 and 2025-06-18, each with a strict per-check regression baseline, and
AJV validation of representative real emitted messages against a
digest-pinned official schema. Both upload their local evidence as artifacts.
A weekly canary
runs both conformance legs against newer runner builds without gating anything.
A baseline pass is not full conformance, and a corpus pass is not a proof of all
possible protocol output. No remote CI execution is inferred from local results.
PostgreSQL matrix
The live PostgreSQL contract runs independently on major versions 14, 16, and
18 using ordinary pooled Repo connections. Each lane exercises real row locks,
FOR UPDATE SKIP LOCKED, database-clock lease decisions, rollback, hard-Runner
recovery, the example application, and the v1-to-v2 migration fixture.
The selected versions cover the oldest supported project target, an
intermediate release, and the current stable major as of this matrix. The
workflow uses floating major container tags so it receives current PostgreSQL
minor security and bug-fix releases. Artifact provenance should record the
exact server version returned by a run when release evidence is retained.
The selected supported-major policy follows PostgreSQL's official
five-year versioning policy.
SQLite remains an embedded, dependency-selected engine rather than a service
matrix. Its default contract runs against the actual sqlite_version() linked
by exqlite and real temporary WAL files on every BEAM lane. That is evidence
for the resolved engine, not for arbitrary system SQLite releases.
Schema versions
Both Ecto adapters now expose the same explicit chain:
	Module	Version	Purpose
	Migration.V1	1	Immutable historical aggregate and event-ledger schema
	Migration.V2	2	Data-preserving event commit-time lookup index and metadata bump
	Migration	2	Fresh install composed through all current steps; destructive full rollback

Applications upgrading an existing installation should wrap Migration.V2 in
their own next Ecto migration. Fresh applications wrap Migration. The
adapters never invoke either module automatically.
The SQLite contract executes a real sequence with seeded Task and event data:
empty -> V1 -> seed -> V2 -> verify -> down V2 -> verify V1 data -> V2 -> verify
The PostgreSQL live contract performs the same sequence in an isolated schema
for each database-matrix lane. At version one, check_schema/1 fails closed
with {:unsupported_schema_version, 1} while Store operations remain available
to the application-controlled migration fixture. At version two, the adapter
accepts the schema and the original snapshot and event history must be exactly
unchanged.
Migration.V2.down/0 or down/1 is data-preserving. The current facade's
Migration.down/0 or down/1 intentionally drops the complete Tasks schema and
all data, matching its fresh-install ownership boundary.
Local commands
The locally available lanes are:
mix quality
mix quality.types

cd extensions/tasks_sqlite
mix tasks.sqlite.contract

cd ../tasks_postgres
SNODO_TASKS_DATABASE_URL=ecto://postgres:postgres@127.0.0.1:55432/snodo_tasks \
  mix quality.postgres

Running a different Elixir/OTP or PostgreSQL version locally is useful, but it
does not update the declared matrix until the workflow itself carries that
lane.


  

    Protocol compliance architecture

Claim boundary
This project implements and tests a slice of MCP 2026-07-28.
It does not claim full revision conformance.
The profile, internal contract, released-client interoperability check, and
official conformance suite answer different questions and remain separate in
code and reports:
	Evidence lane	What it proves	Current status
	Exact protocol profile	Which core methods exist in the pinned revision and which capabilities, methods, transports, and limitations this build implements	Complete catalog; implemented slice explicit
	Core internal contract	Literal wire requests plus HTTP and generic extension acceptance obey the declared core slice	32 evidence groups passing
	Tasks package contract	The independent child package obeys its Tasks wire, lifecycle, subscriptions, HTTP, descriptor, durable-store, and recovery contract	10 evidence groups passing
	Released-client interop	A real official TypeScript client can discover, list, call, cancel, and call again over stdio	Passing with client 2.1.0
	Target application acceptance	The real Hex.pm server's catalog, tool outcomes, prompts, and resource reads work with seeded domain responses over stdio and HTTP	Passing with client 2.0.0; scope and commands
	MRTR client acceptance	Ordinary tool/resource/prompt elicitation, signed state, automatic retries, and URL consent work over stdio and HTTP	Passing with client 2.1.0; scope and commands
	Official server requirements	The implementation passes the frozen upstream scenarios for the released revision	37/37 exercised whole scenarios pass on the frozen alpha.11 runner (2026-09-29); the runner's score, not full revision conformance
	Ordinary progress	Correlated progress precedes normal/error/MRTR terminal messages; cancellation and no-token behavior are checked over stdio and HTTP	Passing wire and controlled client checks; SDK callback caveat
	Independent wire-schema corpus	Representative real emissions validate against named definitions and concrete result, input-request, and error branches in the pinned official schema using AJV	99 emissions across direct/stdio/HTTP; 99 negative mutations and 9 unit controls; not every possible message

The repository's snodo.contract Mix task prints the core buckets without converting internal evidence
or unsupported features into an official score. The one-way-dependent Tasks
package owns its local evidence and runs it with mix tasks.contract from
extensions/tasks.
Each evidence group is attached to one or more ExUnit tests with a stable ID.
The core and Tasks contract tasks independently refuse to pass if their
executed modules do not cover their exact local inventories. For core
automation, --output writes only the rendered report to the named file; this
remains parseable even when a fresh Mix build emits compiler progress before
the task starts.
Architecture adopted from tower-mcp
The useful idea in
tower-mcp 0.22.1 at 10ada1d
is a two-stage admission boundary: validate JSON-RPC structure, then inspect one
exact MCP revision before semantic routing. Its protocol policy also keeps known
wire profiles, compiled implementations, and a runtime allowlist distinct.
The Elixir translation is:
decoded JSON value
  -> Snodo.Envelope                    JSON-RPC structure
  -> Snodo.Protocol.Registry           explicitly enabled dialect
  -> Snodo.Protocol.Inspector          exact profile and method contract
  -> dialect context/operation       lifecycle and metadata semantics
  -> Extension.Registry middleware     advertised exact-compatible augmentation
  -> Snodo.Router / Extension.Registry   core or negotiated out-of-tree execution
  -> dialect wire shaping
Snodo.Protocol.Profile is the exact-revision catalog and implementation manifest.
It records:
	the exact revision and lifecycle;
	batching and request-metadata policy;
	method kind, direction, top-level/MRTR placement, active/deprecated lifecycle,
params policy, capability, validator, and implementation status;
	supported standard capability keys;
	transport evidence and explicit limitations.

The protocol registry rejects a dialect whose version/0 or era/0 drifts from
its profile. Runtime construction accepts only capability keys implemented by
every enabled profile plus the explicit open registries. An extensions
advertisement is valid only when each identifier has an installed extension;
discovery filters installed extensions to those compatible with the selected
exact protocol version. Nested standard settings are also tied to their
directional methods. The final profile implements the list-change and resource
subscription methods, while runtime construction additionally requires an
application subscription_source before any listChanged: true or
resources.subscribe: true advertisement is accepted. Discovery projects
capabilities through the selected profile. Completion is additionally derived
from registered opt-in prompt/resource-template callbacks, preventing an empty
router from advertising completions.
The pinned 2026-07-28 catalog contains 21 unique core method strings and 22
directional rules. The extra rule represents the two directions of
notifications/cancelled, whose server-side implementation status differs by
direction. Request-shaped elicitation/create, roots/list, and
sampling/createMessage are marked MRTR-embedded rather than top-level RPCs.
Tasks is extension-only and is absent from the core catalog.
A literal frozen table in the contract tests compares all 22 rules across name,
kind, direction, params presence, capability, implementation status, placement,
and lifecycle. It also asserts that the four Tasks extension methods are absent
from the core profile.
Inspection deliberately retains implemented, unsupported, and extension
classifications, but the server admission gate executes only implemented
methods. Thus resources/list and completion/complete are implemented core
methods, subscriptions/listen is implemented as a stream-opening request, and
com.example/custom is an extension candidate. A candidate executes only when
an exact-versioned route is installed, advertised by the server, advertised by
the client, and accepted by the extension's negotiation callback.
The subscription path is deliberately separate from router dispatch after the
request has opened. The application implements Snodo.Subscription.Source and
owns any hub, database cursor, PubSub process, and backlog. The framework
narrows the requested core filter to advertised capabilities, rejects a source
that acknowledges anything outside that subset, and then pulls at most one
event at a time in a dedicated worker. Protocol shaping stamps the listen
request ID on the acknowledgement, every event, and the graceful terminal
response. Stdio owns multiplexing and response-free client cancellation; native
HTTP owns SSE headers, acknowledgement ordering, keepalives, socket disconnect
cleanup, and graceful source completion. Neither long-lived stream counts
against the executor's concurrency or queue after open/3 returns. Each
transport bounds open streams with :max_subscriptions; the HTTP transports
keep that count in the executor as a slot the stream's process holds.
Snodo.Subscription.Hub is an optional application-supervised implementation of
that same source contract. It accepts only events selected by each listener's
negotiated filter, bounds every listener queue, reports per-publication drops,
and offers explicit newest- or oldest-retention overflow policies. It remains
outside the runtime and router: applications decide when domain or registry
state changed and publish protocol-neutral core or extension events.
Instrumentation is evidence about implementation behavior, not an additional
protocol claim. The optional dependency-free sink observes dispatch outcomes,
subscription pressure, and extension-owned Tasks runner/store transitions
without changing wire messages, capability admission, routing, or the official
conformance score. Event metadata deliberately excludes request and task
payloads; the complete catalog is in
instrumentation.md.
The extension registry is deliberately narrower than the protocol registry.
Extension-owned routes support top-level client-to-server requests only and
reject collisions against the complete core catalog, including unsupported and
MRTR-only names. An extension module owns semantic validation, dispatch,
success shaping, and error shaping; the server still enforces JSON-RPC
correlation and JSON-safe output. Separate optional callbacks can wrap core
dispatch or adapt the selected dialect's transport policy, but only for a
server-advertised, exact-compatible extension. Installed-only modules remain
inert, and callback faults become safe internal errors.
Tasks is the substantial proof of that split. Its independently compiled
:snodo_tasks package depends one-way on snodo, wraps tools/call, owns
tasks/get, tasks/update, and tasks/cancel, and requires Mcp-Name mirrored
from params.taskId without adding any Task-specific branch or dependency to
the core profile, router, or HTTP adapter. Direct, stdio, and HTTP acceptance
vectors therefore show that optional behavior can remain outside the dialect
module and core package.
The persistence proof stays behind that same extension boundary. A Task and its
versioned, JSON-safe Work descriptor are stored atomically before the creation
result is returned. The generic store contract supplies exact claiming,
claim-next recovery, renewal, release, worker-scoped reads, transitions, and
reaping. An application-owned WorkExecutor resolves descriptors on both
initial and recovered claims. A custom work_builder may project only the
stable tenant or principal identity needed for recovery; request contexts,
transport handles, and complete authentication structures are intentionally not
persisted.
Claims fence stale commits by generation, but recovery is at-least-once. The
application must use the descriptor's stable idempotency key for external side
effects. Accepted mid-task input is also durable: an identical recovered request
replays the persisted response without another input event, while changing the
request under an issued key is rejected. The DETS implementation proves reopen
and boot-epoch fencing on one node; it is deliberately not evidence for
distributed production claims. Both adapters make the entire aggregate eligible
for reaping at createdAt + ttlMs and preserve ttlMs: nil indefinitely.
Removal depends on explicit or scheduled cleanup, which a runner schedules every
minute by default. Reads and request mutations treat a Task as unknown from
createdAt + ttlMs; claims are not an exact-deadline expiry fence. That is
this project's permitted expiration policy, not a claim that the protocol
mandates eager physical deletion for every server.
This work reimplements the architecture in Elixir; no tower-mcp source was
copied. tower-mcp is licensed MIT OR Apache-2.0.
Independent contract vectors
The tests under test/compliance use literal _meta keys and wire values. They
do not use Snodo.Test.dispatch(protocol: ...), because that helper obtains
metadata from the same dialect being tested and could allow request generation
and admission to drift together.
The current matrix covers:
	discovery, deterministic tool listing, text/structured/error tool results;
	exact profile method kind, direction, params, and metadata admission;
	standard and custom capability overclaim rejection plus separate known-core,
unsupported, and extension method classification;
	unknown methods, malformed arguments, missing metadata, unsupported versions,
header/body mismatch, and batch rejection;
	response-free cancellation notifications;
	direct/stdio wire equivalence and explicit null IDs for uncorrelatable stdio
parse errors;
	deterministic static-resource and URI-template listing, explicit application
matching, text/JSON/blob reads, cache hints, missing-resource errors, and
direct/stdio wire equivalence;
	exact prompt and resource-template completion references, flat string context,
definition-owned callback dispatch, bounded result validation, truthful
capability admission, and direct/stdio/HTTP wire equivalence;
	Streamable HTTP origin, media type, mirrored-header, path, concurrency,
cancellation, and application-owned-executor behavior;
	extension registration collisions, bilateral negotiation, context projection,
validation/dispatch/result/error shaping, callback isolation, DSL integration,
ordered core-operation middleware, application options, transport-policy
composition, and direct/stdio parity; and
	in the Tasks package, flat creation/detail shapes, capability gating, sync
fallback, tool vs protocol error semantics, partial mid-task input,
deterministic accepted-input replay, scoped access, unknown IDs, immutable
cancellation/completion races, idempotent terminal cancellation,
task-specific HTTP headers, JSON-safe work/event/snapshot round trips, CAS
conflicts, event-ID replay, action-scoped access, renewable generation-fenced
claims, recovery after worker and store restarts, DETS corruption/version
rejection, creation-based TTL reaping, and detached execution context.

Run it with:
mix snodo.contract
mix snodo.contract --format json
mix snodo.contract --format json --output mcp-contract.json
mix snodo.contract --format markdown

Run the independent Tasks evidence lane with:
cd extensions/tasks
mix tasks.contract

Ordinary MRTR evidence
Five internal groups now cover ordinary elicitation wire behavior, the
deprecated sampling and roots input requests, result placement and
peer-capability admission, request-bound signed state, and extension
middleware composition. The profile marks elicitation/create,
sampling/createMessage, and roots/list implemented only in their embedded
placement; the last two carry the deprecated lifecycle from SEP-2577.
Literal requests cover malformed and partial input, repeated retries, mixed
request kinds in one result, the merged -32021 requiredCapabilities
object, and all three permitted core operations. An independent pinned
TypeScript client exercises automatic elicitation, sampling, and roots round
trips over stdio and native HTTP, including one result that asks for all
three kinds.
The 2026-09-14 external run now exercises nine additional ordinary MRTR scenarios.
See the MRTR guide for supported schema limits, state
security, the Tasks boundary, and the empty-input-map SDK caveat.
Official conformance lane
The native Streamable HTTP fixture has been exercised by the frozen official
server runner. All 37 required scenarios were attempted. The score is
37/37 exercised whole scenarios passed in the 2026-09-29 run. All 37 have
semantic successes and no failure, warning, or skipped checks. The five
scenarios that failed on 2026-09-26 needed the deprecated sampling and roots
input requests, which the fixture now serves. This is the frozen runner's
score for its own 37 scenarios, not full conformance to the revision.
The required checks total 119 SUCCESS, 0 FAILURE, 0 SKIPPED, 0 WARNING,
and 1 INFO. The subscription checks in server-stateless run against a
fixture subscription hub. Three pending, not-scored scenarios pass completely:
json-schema-2020-12 (8/8), http-header-validation (14/14), and
http-custom-header-server-validation (10/10). The exact
pass list, raw no-failure list, and exclusion reasons are checked in as both
JSON and
Markdown, with
per-check outcomes.
The September 26, September 14, and August 25 summaries are retained as
historical evidence, not current scores.
The runner's client leg measures Snodo.Client separately, through a harness
that drives it against each scenario server, with Snodo.OAuth.Client from
snodo_oauth as the token provider. The 2026-09-30 run passes 31 of 32
required client scenarios, including all 25 that cover OAuth: metadata
discovery, client identity, PKCE, scope selection and step-up, resource
indicators, and the iss checks. The one other is excluded from the score
because a 2026-07-28 client sends no initialize. The harness installs input
handlers for all four kinds, so the client declares the deprecated sampling
and roots capabilities and request-metadata passes whole, as it did on
2026-09-29 when 7 of 32 passed. DPoP, enterprise-managed authorization, and
workload identity federation are not implemented; their unscored scenarios
stay in the baseline. A second client lane pins Snodo.Client to 2025-11-25
and runs the frozen 2025-11-25 client set: the 2026-09-30 run passes 16 of 18
required scenarios, initialize, tools_call, and all 14 that cover OAuth,
up from 2 of 18 on 2026-09-29. The elicitation scenario depends on the
standalone GET event stream, which the client does not open, and the
reconnection scenario negotiates 2025-03-26, which the client does not speak.
See the
client leg notes
for the remaining gaps.
Three more server lanes run in CI. The same fixture served through
Snodo.Transport.Plug on Bandit matches the native listener check for check.
The initialize-era dialects pass 21 of 30 required scenarios of the frozen
2025-11-25 set, and 21 of 27 unscored 2025-06-18 scenarios. The remaining
failures are logging, server-initiated sampling and elicitation,
resources/subscribe, and SSE sessions, which that slice does not implement.
See the
additional server lanes.
The frozen 2026-07-28 requirement manifest contains 37 scored server
scenarios. The manifest declares conformance@0.2.0-alpha.10 as its historical
anchor, but was added retrospectively and first shipped with the alpha.11
runner. This project vendors the alpha.11 artifact from commit c321dd3 and
verifies its exact SHA-256
ae2f4f6210fd729e2e318edd5bbfa31a43cee0bc608e48052fa26dbf1d939b57
before every core contract run. The combined frozen fixture includes Tasks and
the Plug adapter, so start it from the conformance/fixture Mix project, then
use the pinned runner with the frozen manifest:
cd conformance/fixture
MCP_PORT=3001 mix run ../fixture_server.exs

npx -y @modelcontextprotocol/conformance@0.2.0-alpha.11 server \
  --url http://127.0.0.1:3001/mcp \
  --requirements 2026-07-28 \
  --output-dir conformance-results

--requirements 2026-07-28 is preferable to a moving --suite all claim: it
fixes scenario membership and the wire revision. The upstream manifest is the
canonical definition of the score.
The managed lane locks the runner and its complete
dependency graph, verifies the frozen manifest digest, starts an ephemeral
loopback fixture, retains raw artifacts, and applies a reviewed per-check
regression baseline. The official runner
still exits non-zero; failures remain failures in the report. The baseline pins
all 194 check occurrences across 50 required and unscored scenarios:
	an unexpected failure breaks CI;
	a passing baselined check also breaks CI because the baseline is stale;
	any missing/new occurrence or changed status breaks CI, including a success
becoming skipped inside an already-failing or unscored scenario. Repeated
check IDs retain their ordered occurrences.

An expected failure remains a conformance failure; the baseline only stages CI
adoption.
Tasks extension probe
The ten frozen alpha.11 Tasks scenarios are extension-only and do not contribute
to the 37-scenario core score above. They were run separately against the same
native HTTP fixture:
	all 35 Tasks-specific assertions passed;
	the one upstream status-notification assertion was skipped pending the
runner's subscriptions/listen rewrite;
	one generic wire-schema check passed and eight failed; and
	the runner therefore exited non-zero.

Every generic failure rejects a flat Tasks CreateTaskResult as though it were
the core CallToolResult schema, which requires content. The extension
specification and the scenario-specific assertions require the flat
resultType: "task" shape instead. The checked-in summary keeps those failures
visible and claims only the 35 Tasks assertions:
	human-readable Tasks summary
	machine-readable Tasks summary

Independent full-schema engine lane
interop/schema_validation pins the
official artifact and provenance, uses AJV 2020-12, and validates 99 actual
serialized emissions from 81 operations over direct, stdio, and native HTTP.
It selects 31 named definitions and concrete result, input-request, and error
branches: the generated schema's root is not an envelope validator, its
permissive MRTR union alone can accept malformed complete results, and the
generic error envelope accepts any data. Negative controls demonstrate each
trap. The original upstream schema bytes are retained unchanged with their
license.
This is independent of JSV application argument validation and of the client and
external runner. The checked-in CI job executes the corpus; no remote CI pass is
inferred. The corpus intentionally excludes Tasks, among other paths documented
in its README. It does not establish universal wire validity or encode every
prose requirement in JSON Schema.
Next compliance increments
	Preserve the checked-in honest core summary as the runner and its
requirement set evolve; never promote a warning-only or missing-fixture
result to a pass, and never describe the frozen runner's score as full
revision conformance.
	Maintain the exact per-check CI inventory: fail unexpected/stale failures,
missing/new occurrences, and all status drift. Never increase a conformance
score through baselining.
	Extend the pinned independent schema corpus as new response/notification
surfaces land, retaining concrete-branch checks and negative controls.
	Keep the implemented retry policy and optional PostgreSQL and SQLite Tasks
adapters in their own evidence lanes. Run and retain the checked-in
PostgreSQL-version and migration-upgrade matrix, and add database-specific
operational soak before making a production-readiness claim. The
deterministic Memory contention/Runner harness is a common correctness
baseline, not database capacity evidence.
Retain the generic Tasks wire-schema failures until the official runner can
validate extension result unions.
	Add property/adversarial wire generation, a transport matrix, more official
SDKs, and differential structural checks as separate lanes.

Sources
	tower-mcp protocol compliance
	Official MCP conformance framework
	Frozen 2026-07-28 requirements at the alpha.11 commit
	Official SDK integration guide
	MCP 2026-07-28 Resources
	MCP 2026-07-28 Prompts
	MCP 2026-07-28 stdio binding
	Pinned official 2026-07-28 schema
	Released Tasks specification
	Released Tasks schema
	Frozen Tasks scenarios



  

    
Snodo 
    



      
Model Context Protocol servers and clients for Elixir.
The core router and component APIs are ordinary immutable data. Processes are
introduced only at transport and supervision boundaries.

      




  

    
Snodo.Authorization behaviour
    



      
Optional application-owned authorization at the component boundary.
The application decides whether a request context may discover or invoke a
registered component. snodo applies that decision inside the router, below
every transport and protocol dialect, and before argument validation or any
application callback. The library supplies no identity, role, token, or
policy vocabulary and never interprets the returned error.
Configure a runtime with authorization: MyApp.Policy or
authorization: {MyApp.Policy, options}; the second element is passed back
unchanged on every call. Set refusal: :conceal in a keyword list or map of
options to make refused invocations answer like unknown components. The
policy still receives its original options and can record the refusal.
An unconfigured runtime performs no extra work.
defmodule MyApp.Policy do
  @behaviour Snodo.Authorization

  alias Snodo.Authorization.Component

  @impl true
  def authorize(phase, %Component{} = component, context, _options) do
    if allowed?(context.auth, component) do
      :ok
    else
      if phase == :invocation, do: MyApp.Audit.refused(context.auth, component)
      {:error, Snodo.Error.authorization(-32_003, "Not authorized")}
    end
  end
end
Phases
:discovery covers tools/list, prompts/list, resources/list, and
resources/templates/list. A refusal removes the component from that
response, so the client never learns the name exists.
:invocation covers tools/call, prompts/get, resources/read, and
completion/complete. By default, a refusal is returned to the client as
the application's own Snodo.Error. With refusal: :conceal, the client
receives the same error as for an unknown component. In either case, the
policy has the one place to record an audit event.
Snodo.Context.request_method names the exact operation being refused.
The policy runs once per listed component during discovery and once per
invocation, so keep it allocation-light: pass a precomputed catalog through
the options rather than querying a store inside the callback.
Only the enforcement seam lives here. Server capability advertisement stays
catalog-wide, because it describes the server rather than one request.
Application-owned subscription sources and negotiated extension routes
receive the same Snodo.Context and own their policy, because neither
dispatches through the router catalog.
A policy that raises, exits, throws, or returns something else is a fault
rather than a decision: the operation fails with an internal error in both
phases instead of silently emptying a catalog.
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        Decides whether context may discover or invoke component.
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          @type config() :: nil | {module(), term()}
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          @type decision() :: :ok | {:refused, Snodo.Error.t()} | {:fault, Snodo.Error.t()}
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          @type phase() :: :discovery | :invocation
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          @callback authorize(phase(), Snodo.Authorization.Component.t(), Snodo.Context.t(), term()) ::
  :ok | {:error, Snodo.Error.t()}


      


Decides whether context may discover or invoke component.
Return :ok to allow, or {:error, %Snodo.Error{}} to refuse. The error is
returned verbatim during :invocation by default, or replaced by the
corresponding unknown-component error with refusal: :conceal. A refusal
hides the component during :discovery.

  


        

      


  

    
Snodo.Authorization.Component 
    



      
The identity of one registered router component shown to an authorization policy.
name is the registered component name, which the router keeps unique within
each catalog. uri carries the exact registered resource URI or resource URI
template and is nil for tools and prompts. requested_uri carries the
concrete URI for a resource-template read or subscription read check. It is
nil during discovery and template completion, where no concrete resource
URI was requested. A policy may key on these fields; new fields are additive,
so match with a map pattern rather than positionally.
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          @type kind() :: :tool | :prompt | :resource | :resource_template
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          @type t() :: %Snodo.Authorization.Component{
  kind: kind(),
  name: String.t(),
  requested_uri: String.t() | nil,
  uri: String.t() | nil
}


      



  


        

      


  

    
Snodo.Cancellation 
    



      
A lightweight cooperative cancellation token backed by :atomics.
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        cancel(cancellation)

      


        Marks the token cancelled. Cancelling an already cancelled token is a no-op.



    


    
      
        cancelled?(cancellation)

      


        Returns whether the token has been cancelled.



    


    
      
        new()

      


        Returns a token that is not cancelled.



    


    
      
        normalize(token)

      


        Recognizes a cancellation token at an untyped context boundary.
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          @spec cancel(t()) :: :ok


      


Marks the token cancelled. Cancelling an already cancelled token is a no-op.

  



  
    
      
    
    
      cancelled?(cancellation)



        
          
        

    

  


  

      

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


      


Returns whether the token has been cancelled.
A handler finds its request's token in the cancellation field of
Snodo.Context when a transport runs the request through
Snodo.Server.Executor. The field is nil for direct dispatch, so check
it with normalize/1 first.
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          @spec new() :: t()


      


Returns a token that is not cancelled.
Copies of the token, including copies sent to other processes on the same
node, share one state, so a cancellation through any copy is seen by all.
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          @spec normalize(term()) :: {:ok, t()} | :error


      


Recognizes a cancellation token at an untyped context boundary.

  


        

      


  

    
Snodo.Catalog.Markdown 
    



      
Collects an MCP server catalog through Snodo.Client and renders Markdown.
collect/1 uses the selected protocol's discovery information and follows
every list method through its final page. The resulting string-keyed catalog
can also be passed to render/1 without a client connection.
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        Collects discovery details and all tools, resources, templates, and prompts.



    


    
      
        render(catalog)

      


        Renders a collected, protocol-shaped catalog with documentation coverage counts.
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          @type catalog() :: %{required(String.t()) => map() | [map()] | String.t()}
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          @spec collect(Snodo.Client.t()) :: {:ok, catalog()} | {:error, Snodo.Error.t()}


      


Collects discovery details and all tools, resources, templates, and prompts.
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          @spec render(catalog()) :: String.t()


      


Renders a collected, protocol-shaped catalog with documentation coverage counts.

  


        

      


  

    
Snodo.Component.Wrap behaviour
    



      
Opt-in middleware for one tool, resource, or prompt callback.
A component declares wrap: [MyWrapper, {AnotherWrapper, option: value}].
Each wrapper implements call/4. The first declared wrapper runs first and
receives a continuation that calls the next wrapper with a context and
arguments. A wrapper may call that continuation, replace the context or
arguments, or return a result without invoking the handler.
The options passed to call/4 include the declaration's options plus
:component, :kind, :operation, and :slot. Those keys identify the
component and wrapper occurrence. Resource and prompt wrappers also run on
an explicitly defined complete/2 callback. Middleware runs inside the
component callback, after router lookup, authorization, and input validation.
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        Runs one middleware layer and may call the continuation or return a result.
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          @type continuation() :: (Snodo.Context.t(), term() -> term())
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          @type kind() :: :tool | :resource | :prompt
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          @callback call(Snodo.Context.t(), term(), continuation(), keyword()) :: term()


      


Runs one middleware layer and may call the continuation or return a result.

  


        

      


  

    
Snodo.Component.Wrap.Concurrency 
    



      
Limits concurrent executions of one declared component wrapper.
The default limit: 32 counts all callers together. Pass key: fn context -> ... end to count each returned key separately. Permits are released when
the callback returns or its process ends.

      


      
        Summary


  
    Functions
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        Acquires a component permit before calling the next callback.
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Acquires a component permit before calling the next callback.

  


        

      


  

    
Snodo.Component.Wrap.RateLimit 
    



      
Applies a fixed-window rate limit to one declared component wrapper.
Defaults are limit: 60, window_ms: 60_000, and max_keys: 10_000.
Without key: fn context -> ... end, all callers share one bucket. Expired
keys are pruned when the per-wrapper key capacity is reached; a new key is
refused if the capacity is still full.
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        Consumes one call from the current key's window before continuing.
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Consumes one call from the current key's window before continuing.

  


        

      


  

    
Snodo.Component.Wrap.Timeout 
    



      
Bounds one component callback with a supervised task.
timeout: 5_000 is the default. On expiry, the task is stopped and the
component returns a defined failure. The callback runs in a task process,
so its self() is different from the request process. The task is linked to
its request owner and stops if that process ends.
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        Runs the next callback in a bounded supervised task.
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Runs the next callback in a bounded supervised task.

  


        

      


  

    
Snodo.Extension behaviour
    



      
Behaviour for explicitly installed, exact-versioned out-of-tree extensions.
Extension-owned routes deliberately cover top-level client-to-server
requests only. An optional around_dispatch/4 callback can wrap core
protocol execution for an advertised, exact-version-compatible extension.
Its continuation accepts a request context, allowing middleware to pass a
derived immutable context to the next extension and ultimately the core
handler. Middleware also runs before peer negotiation succeeds, and can
inspect Snodo.Context.extensions to distinguish negotiated requests.
An optional missing_capability_error/2 callback can customize the error for
an extension-owned method when the server advertised the extension but the
client did not. Extensions without the callback retain method-not-found
behavior.
An optional transport_policy/2 callback can adapt the selected protocol's
transport policy for an extension-owned route. The callback is considered
only for an exact-version-compatible route advertised by the server;
installed-only extensions cannot affect transport admission.
Extensions may optionally contribute fields to subscriptions/listen with
subscription_filter/2 and shape matching source events with
shape_subscription_event/3. The framework invokes these callbacks only for
an installed, advertised, exact-version-compatible extension and retains
per-extension filter ownership through the stream lifecycle.
Middleware that defers or persists a call instead of passing it to the
continuation must first call check_dispatch/3, so the deferred work passes
the same lookup, authorization, and argument checks as a direct call.
Other outbound methods and MRTR-embedded operations require additional
routing infrastructure and cannot be advertised as extension-owned routes
through this behaviour yet.
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    Functions
  


    
      
        check_dispatch(operation, params, context)

      


        Runs the core checks for operation without running it, from inside
around_dispatch/4: the component lookup, the authorization policy's
:invocation phase, and argument validation (see Snodo.Router.check/5).
Only {:tools_call, name} is supported.
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          @type dispatch_result() :: {:ok, Snodo.Result.t()} | {:error, Snodo.Error.t()}
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) ::
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  dispatch_result()
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          @callback methods() :: [Snodo.Extension.Method.t()]
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          @callback missing_capability_error(method :: String.t(), Snodo.Context.t()) ::
  Snodo.Error.t() | :method_not_found
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          @callback negotiate(client_settings :: map(), server_settings :: map()) ::
  {:ok, map()} | :not_negotiated | {:error, Snodo.Error.t()}
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          @callback shape_subscription_event(
  Snodo.Subscription.Event.t(),
  Snodo.Envelope.id(),
  Snodo.Context.t()
) :: map()
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          @callback subscription_filter(requested_filter :: map(), Snodo.Context.t()) ::
  {:ok, accepted_filter :: map()} | {:error, Snodo.Error.t()}
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          @callback transport_policy(Snodo.Envelope.t(), Snodo.Transport.Policy.t()) ::
  Snodo.Transport.Policy.t()
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          @callback validate_operation(operation :: term(), params :: map(), Snodo.Context.t()) ::
  :ok | {:error, Snodo.Error.t()}
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          @spec check_dispatch(term(), map(), Snodo.Context.t()) ::
  :ok | {:ok, Snodo.Result.t()} | {:error, Snodo.Error.t()}


      


Runs the core checks for operation without running it, from inside
around_dispatch/4: the component lookup, the authorization policy's
:invocation phase, and argument validation (see Snodo.Router.check/5).
Only {:tools_call, name} is supported.
Returns :ok when the call would run. Otherwise it returns what the direct
call would: {:ok, result} with a tool error result for missing or invalid
arguments, or {:error, error}. Outside middleware run by Snodo.Server
there is no check to run, and it returns an error.
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An exact-versioned extension method mapped to a static operation term.
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        Builds a method for an extension's Snodo.Extension.methods/0 list.
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          @type t() :: %Snodo.Extension.Method{
  direction: :client_to_server,
  kind: :request,
  name: String.t(),
  operation: term(),
  params: :required | :optional,
  protocol_version: String.t(),
  rule: Snodo.Protocol.Profile.Method.t()
}
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          @spec new!(keyword()) :: t()


      


Builds a method for an extension's Snodo.Extension.methods/0 list.
Options:
	:protocol_version - the exact protocol version the method belongs
to, such as "2026-07-28". Required.
	:name - the JSON-RPC method name. Required.
	:operation - the term passed to the extension's
Snodo.Extension.validate_operation/3, Snodo.Extension.dispatch/3,
and Snodo.Extension.shape_result/3. Required.
	:params - :required (the default) or :optional: whether a request
must carry params.
	:kind and :direction - only :request and :client_to_server,
the defaults, are supported.

A missing required option raises KeyError; an invalid value raises
ArgumentError.
Snodo.Extension.Method.new!(
  protocol_version: "2026-07-28",
  name: "dev.example/greet",
  operation: :greet
)

  


        

      


  

    
Snodo.Extension.Registry 
    



      
Immutable registry for explicitly installed extension modules.
Registration rejects collisions against the complete core catalog for an
exact protocol revision, including unsupported and MRTR-only method names.
Installation, advertisement, and peer negotiation are separate. Extension
routes require negotiation; advertised compatible middleware can observe an
unnegotiated request and enforce policy before core execution.
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        Wraps core dispatch in advertised, compatible extension middleware.
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        Adds application-owned options for installed extensions compatible with the context.
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        Shapes a protocol-neutral event through its negotiated owning extension.
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        Collects validated, collision-free subscription filter fields from advertised extensions.
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        Applies an advertised extension route's exact-versioned transport policy hook.
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          @type continuation() :: (Snodo.Context.t() -> dispatch_result())


      



  



  
    
      
    
    
      dispatch_result()



        
          
        

    

  


  

      

          @type dispatch_result() :: {:ok, Snodo.Result.t()} | {:error, Snodo.Error.t()}


      



  



  
    
      
    
    
      entry()



        
          
        

    

  


  

      

          @type entry() :: module() | {module(), extension_options()}


      



  



  
    
      
    
    
      extension_options()



        
          
        

    

  


  

      

          @type extension_options() :: keyword() | map()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Extension.Registry{
  by_id: %{optional(String.t()) => module()},
  options_by_id: %{optional(String.t()) => extension_options()},
  ordered_ids: [String.t()],
  routes: %{optional({String.t(), String.t()}) => Snodo.Extension.Route.t()},
  versions_by_id: %{optional(String.t()) => MapSet.t(String.t())}
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      around_dispatch(registry, version, operation, params, context, next)



        
          
        

    

  


  

      

          @spec around_dispatch(
  t(),
  String.t(),
  term(),
  map(),
  Snodo.Context.t(),
  continuation()
) :: dispatch_result()


      


Wraps core dispatch in advertised, compatible extension middleware.

  



  
    
      
    
    
      put_options(registry, context)



        
          
        

    

  


  

      

          @spec put_options(t(), Snodo.Context.t()) :: Snodo.Context.t()


      


Adds application-owned options for installed extensions compatible with the context.

  



  
    
      
    
    
      shape_subscription_event(registry, event, subscription_id, context)



        
          
        

    

  


  

      

          @spec shape_subscription_event(
  t(),
  Snodo.Subscription.Event.t(),
  Snodo.Envelope.id(),
  Snodo.Context.t()
) :: {:ok, map()} | :drop | {:error, Snodo.Error.t()}


      


Shapes a protocol-neutral event through its negotiated owning extension.

  



  
    
      
    
    
      subscription_filters(registry, version, requested_filter, context)



        
          
        

    

  


  

      

          @spec subscription_filters(t(), String.t(), map(), Snodo.Context.t()) ::
  {:ok, map(), %{optional(String.t()) => map()}} | {:error, Snodo.Error.t()}


      


Collects validated, collision-free subscription filter fields from advertised extensions.

  



  
    
      
    
    
      transport_policy(registry, version, envelope, server_capabilities, base_policy)



        
          
        

    

  


  

      

          @spec transport_policy(
  t(),
  String.t(),
  Snodo.Envelope.t(),
  map(),
  Snodo.Transport.Policy.t()
) ::
  {:ok, Snodo.Transport.Policy.t()} | {:error, Snodo.Error.t()}


      


Applies an advertised extension route's exact-versioned transport policy hook.

  


        

      


  

    
Snodo.Extension.Route 
    



      
A resolved request route owned by one installed extension.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Extension.Route{
  extension_id: String.t(),
  method: Snodo.Extension.Method.t(),
  module: module()
}


      



  


        

      


  

    
Snodo.Instrumentation behaviour
    



      
Optional, dependency-free lifecycle instrumentation.
Instrumentation sinks receive telemetry-shaped event names, numeric
measurements, and deliberately bounded metadata. Sink failures are isolated:
observability cannot change protocol, transport, or Tasks behavior.
A sink may bridge events to :telemetry, OpenTelemetry, Logger, a metrics
process, or a test collector without making any of those systems a framework
dependency.

      


      
        Summary


  
    Types
  


    
      
        config()

      


    


    
      
        event_name()

      


    





  
    Callbacks
  


    
      
        handle_event(event_name, measurements, metadata, options)

      


    





  
    Functions
  


    
      
        emit(arg1, event_name, measurements, metadata)

      


        Emits one event and isolates every sink failure.



    


    
      
        normalize!(config)

      


        Normalizes and validates an optional sink configuration.



    





      


      
        Types


        


  
    
      
    
    
      config()



        
          
        

    

  


  

      

          @type config() :: module() | {module(), term()} | Snodo.Instrumentation.Config.t()


      



  



  
    
      
    
    
      event_name()



        
          
        

    

  


  

      

          @type event_name() :: [atom()]


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      handle_event(event_name, measurements, metadata, options)



        
          
        

    

  


  

      

          @callback handle_event(
  event_name(),
  measurements :: map(),
  metadata :: map(),
  options :: term()
) :: term()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      emit(arg1, event_name, measurements, metadata)



        
          
        

    

  


  

      

          @spec emit(Snodo.Instrumentation.Config.t() | nil, event_name(), map(), map()) :: :ok


      


Emits one event and isolates every sink failure.

  



  
    
      
    
    
      normalize!(config)



        
          
        

    

  


  

      

          @spec normalize!(config() | nil) :: Snodo.Instrumentation.Config.t() | nil


      


Normalizes and validates an optional sink configuration.

  


        

      


  

    
Snodo.Instrumentation.Config 
    



      
A normalized instrumentation sink: the sink module and its options.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Instrumentation.Config{module: module(), options: term()}


      



  


        

      


  

    
Snodo.JSONValue 
    



      
The JSON value rule every result, content map, and metadata map must satisfy.
A JSON value here is nil, a boolean, a number, a string, a list of JSON
values, or a map whose keys are strings and whose values are JSON values.
Atom keys and atom values are rejected. The protocol carries these values
through untouched, so accepting atoms would mean guessing at encoding and
silently resolving collisions between :name and "name".
Elixir domain layers usually return atom-keyed maps and structs, so a value
arriving from application code often needs converting first.
encodable!/1 does that:
iex> Snodo.JSONValue.encodable!(%{name: "jason", tags: [:json, :parser]})
%{"name" => "jason", "tags" => ["json", "parser"]}
Snodo.Result.structured/2, Snodo.Resource.json/3, and the content builders
all validate with valid?/1 and raise on anything else.

      


      
        Summary


  
    Functions
  


    
      
        encodable!(value)

      


        Converts an Elixir term into a JSON value, raising when it cannot.



    


    
      
        valid?(value)

      


        Returns whether a term is a JSON value under the rule above.



    





      


      
        Functions


        


  
    
      
    
    
      encodable!(value)



        
          
        

    

  


  

      

          @spec encodable!(term()) :: term()


      


Converts an Elixir term into a JSON value, raising when it cannot.
The rules are fixed so the result is predictable:
	atom keys become strings, and a map that would collide two keys onto one
string raises rather than dropping either;
	atom values become strings, except nil, true, and false;
	Date, Time, DateTime, NaiveDateTime, URI, and Version become
their canonical string forms;
	any other struct becomes a map of its fields;
	tuples, PIDs, references, functions, and ports raise, because there is no
correct JSON form to pick for them. A keyword list is a list of tuples
and therefore raises; convert it with Map.new/1 first.

Strings are returned unchanged and are not checked for UTF-8 validity;
encoding catches that later.

  



  
    
      
    
    
      valid?(value)



        
          
        

    

  


  

      

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


      


Returns whether a term is a JSON value under the rule above.

  


        

      


  

    
Snodo.MRTR.State 
    



      
Optional, integrity-protected state for multi-round-trip requests.
seal/3 produces a JSON-backed token that open/3 binds to the original
request method, salient request parameters, and an explicitly supplied
authenticated principal. Supply principal: nil only for deliberately
anonymous requests. Authentication and principal selection belong to the
application; the helper does not infer identity from client-controlled data.
Parameters named "_meta", "requestState", and "inputResponses" at the
top level are excluded from the binding, as are the JSON-RPC request ID and
transport. Map ordering is immaterial; list ordering and numeric types are
retained, so 1 and 1.0 bind differently as a conservative check.
Options
	:keys - a keyring of {key_id, secret} pairs, current key first.
seal/3 signs with the current key and embeds its identifier in the
token; open/3 verifies with the key the token names, which may be the
current key or a retired one. At most 8 keys. Identifiers are 1 to 32
characters from A-Z, a-z, 0-9, _, and -, and must be unique.
Identifiers are not secret and are readable in the token.
	:secret - a single key without an identifier. Tokens it seals carry no
key identifier. Supply exactly one of :keys and :secret.
	:principal - required, a JSON value.
	:ttl - defaults to 300 seconds and cannot exceed 900 seconds. When
opening a token, :ttl also limits its originally issued lifetime;
changing it never extends the signed expiration.
	:clock - a trusted zero-arity function returning Unix time in seconds,
primarily for deterministic tests.

Every secret is application-managed, cryptographically random, and at least
32 bytes. Invalid options raise an ArgumentError.
Rotation
A token names the key that signed it, so a key can be rotated without
invalidating tokens in flight, and nodes behind a load balancer do not have
to switch at the same moment. To replace key a with key b in a cluster:
	Deploy keys: [{"a", a}, {"b", b}] to every node. Nodes still seal
with a and now also accept b.
	Once every node accepts b, deploy keys: [{"b", b}, {"a", a}]. Nodes
seal with b and still accept tokens sealed with a.
	Once every node seals with b, wait for the largest TTL in use (at most
900 seconds), then deploy keys: [{"b", b}].

A keyring also opens tokens sealed with :secret when that secret is in the
keyring, and :secret opens tokens sealed by a keyring whose key matches
it, so a cluster can move from :secret to keys: [{"a", secret}] one node
at a time. Removing a key rejects every token it signed.
Tokens are signed, not encrypted: their state is readable by the client.
Never place credentials or other secrets in state. Tokens can be reused
until expiry and are not a replay-prevention or single-use mechanism. The
application owns idempotency, durable replay tracking, authorization on each
request, and secret distribution. This helper imposes a 16 KiB token size
limit.

      


      
        Summary


  
    Functions
  


    
      
        open(token, context, opts)

      


        Opens valid, unexpired state for this principal and request.



    


    
      
        seal(data, context, opts)

      


        Seals JSON state, raising for invalid application configuration or state.



    





      


      
        Functions


        


  
    
      
    
    
      open(token, context, opts)



        
          
        

    

  


  

      

          @spec open(term(), Snodo.Context.t(), keyword()) ::
  {:ok, term()} | {:error, Snodo.Error.t()}


      


Opens valid, unexpired state for this principal and request.
The token is verified with the key it names, from :keys, or with
:secret. Untrusted token failures, including an unknown key identifier,
all return the same protocol error with no data or cause. Invalid
application configuration still raises an ArgumentError.

  



  
    
      
    
    
      seal(data, context, opts)



        
          
        

    

  


  

      

          @spec seal(term(), Snodo.Context.t(), keyword()) :: String.t()


      


Seals JSON state, raising for invalid application configuration or state.

  


        

      


  

    
Snodo.Pagination 
    



      
Stateless, protocol-neutral pagination for MCP list operations.
Routers continue to return complete, deterministically ordered catalogs. The
server applies this policy after dispatch, issuing opaque cursors scoped to
the protocol version, list operation, configured page size, and exact catalog
contents. A catalog change therefore expires outstanding cursors instead of
risking duplicate or skipped entries.

      


      
        Summary


  
    Types
  


    
      
        operation()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        new(pagination)

      


        Builds and validates an immutable pagination policy.



    


    
      
        page(result, protocol_version, operation, params, pagination)

      


        Returns one page and attaches a next cursor to result metadata when more entries remain.



    





      


      
        Types


        


  
    
      
    
    
      operation()



        
          
        

    

  


  

      

          @type operation() ::
  :tools_list | :prompts_list | :resources_list | :resource_templates_list


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Pagination{page_size: pos_integer()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(pagination)



        
          
        

    

  


  

      

          @spec new(keyword() | t()) :: t()


      


Builds and validates an immutable pagination policy.

  



  
    
      
    
    
      page(result, protocol_version, operation, params, pagination)



        
          
        

    

  


  

      

          @spec page(Snodo.Result.t(), String.t(), operation(), map(), t()) ::
  {:ok, Snodo.Result.t()} | {:error, Snodo.Error.t()}


      


Returns one page and attaches a next cursor to result metadata when more entries remain.

  


        

      


  

    
Snodo.Progress 
    



      
Acknowledged progress reporting for an active ordinary MCP request.
Application handlers call report/3 using their request context. A client must
have supplied a string/integer progressToken, and the transport must have
installed a sink. Otherwise reporting valid values is a harmless no-op.
Only the original request worker may report. Each sink permits one outstanding
update, acknowledged only after its transport writes it. Values must increase
strictly. The defaults cap each request at 1,000 updates, messages at 4 KiB,
and each acknowledgement wait at five seconds. Timeout does not clear the
outstanding-update gate, so retrying cannot grow an unbounded mailbox.
The transport owns state/1, handles :mcp_progress synchronous call messages
with accept/3, writes their notification, then calls reply/3. It closes the
sink after execution, cancellation, disconnect, or a failed write. No process
is started by this module, and the synchronous protocol core is unchanged.

      


      
        Summary


  
    Types
  


    
      
        report()

      


    


    
      
        result()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        accept(state, arg2, arg3)

      


        Admits a synchronous report in the transport owner before writing it.



    


    
      
        bind(sink, context)

      


        Binds an installed sink to a validated request context and its current worker.



    


    
      
        close(sink)

      


        Marks a sink terminal. Safe to call repeatedly from transport cleanup paths.



    


    
      
        reply(from, arg2, result)

      


        Acknowledges a consumed report after writing, releasing its one-outstanding-update gate.



    


    
      
        report(context, value, options \\ [])

      


        Reports increasing progress, optionally including numeric total and a human-readable message.



    


    
      
        sink(owner, options \\ [])

      


        Creates an inactive-until-bound sink handle for an existing transport owner.



    


    
      
        state(sink)

      


        Initializes counters retained by the transport owning the sink.



    





      


      
        Types


        


  
    
      
    
    
      report()



        
          
        

    

  


  

      

          @type report() :: %{binding: t(), fields: map()}


      



  



  
    
      
    
    
      result()



        
          
        

    

  


  

      

          @type result() :: :ok | {:error, atom()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @opaque t()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      accept(state, arg2, arg3)



        
          
        

    

  


  

      

          @spec accept(Snodo.Progress.State.t(), GenServer.from(), report()) ::
  {:ok, map(), Snodo.Progress.State.t()} | {:error, atom()}


      


Admits a synchronous report in the transport owner before writing it.
from is the original GenServer.from() received with the progress call.
The returned state belongs to the transport. Complete the acknowledgement
with reply/3 only after the write succeeds or fails.

  



  
    
      
    
    
      bind(sink, context)



        
          
        

    

  


  

      

          @spec bind(term(), Snodo.Context.t()) :: t() | nil


      


Binds an installed sink to a validated request context and its current worker.

  



  
    
      
    
    
      close(sink)



        
          
        

    

  


  

      

          @spec close(Snodo.Progress.Sink.t()) :: :ok


      


Marks a sink terminal. Safe to call repeatedly from transport cleanup paths.

  



  
    
      
    
    
      reply(from, arg2, result)



        
          
        

    

  


  

      

          @spec reply(GenServer.from(), report(), result()) :: :ok


      


Acknowledges a consumed report after writing, releasing its one-outstanding-update gate.

  



    

  
    
      
    
    
      report(context, value, options \\ [])



        
          
        

    

  


  

      

          @spec report(Snodo.Context.t(), number(), keyword()) :: result()


      


Reports increasing progress, optionally including numeric total and a human-readable message.

  



    

  
    
      
    
    
      sink(owner, options \\ [])



        
          
        

    

  


  

      

          @spec sink(pid(), keyword()) :: Snodo.Progress.Sink.t()


      


Creates an inactive-until-bound sink handle for an existing transport owner.

  



  
    
      
    
    
      state(sink)



        
          
        

    

  


  

      

          @spec state(Snodo.Progress.Sink.t()) :: Snodo.Progress.State.t()


      


Initializes counters retained by the transport owning the sink.

  


        

      


  

    
Snodo.Progress.Sink 
    



      
A request-scoped handle whose lifecycle belongs to its transport.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Progress.Sink{
  lifecycle: :atomics.atomics_ref(),
  max_message_bytes: pos_integer(),
  max_updates: pos_integer(),
  owner: pid(),
  reference: reference(),
  timeout: pos_integer()
}


      



  


        

      


  

    
Snodo.Progress.State 
    



      
Transport-owned immutable progress counters; no worker or global registry is created.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Progress.State{
  count: non_neg_integer(),
  last: number() | nil,
  sink: Snodo.Progress.Sink.t()
}


      



  


        

      


  

    
Snodo.Router 
    



      
An immutable registry and synchronous protocol-neutral dispatcher.
The router owns no process, connection, session, or application state.
dispatch/5 accepts the immutable execution options the server holds:
:schema_validator and the optional :authorization policy. Snodo.Server
supplies both from Snodo.Server.Runtime; calling the router directly with
neither runs neither.

      


      
        Summary


  
    Types
  


    
      
        operation()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        check(router, operation, params, context, opts \\ [])

      


        Runs the checks dispatch/5 performs before calling a tool, without calling
it: the tool lookup, the authorization policy's :invocation phase, and
argument validation. opts are the same as for dispatch/5.



    


    
      
        completion_capable?(router)

      


        Returns whether any registered prompt or resource template supports completion.



    


    
      
        dispatch(router, operation, params, context, opts \\ [])

      


        Runs one operation against the registered components.



    


    
      
        list_prompts(router)

      


        Returns the definition of every registered prompt, sorted by name.



    


    
      
        list_resource_templates(router)

      


        Returns the definition of every resource template, sorted by URI template.



    


    
      
        list_resources(router)

      


        Returns the definition of every direct resource, sorted by URI.



    


    
      
        list_tools(router)

      


        Returns the definition of every registered tool, sorted by name.



    


    
      
        new()

      


        Returns an empty router.



    


    
      
        register_prompt(router, prompt)

      


        Registers a prompt module under the name in its definition.



    


    
      
        register_resource(router, resource)

      


        Registers a resource module.



    


    
      
        register_tool(router, tool)

      


        Registers a tool module under the name its Snodo.Tool.name/0 returns.



    





      


      
        Types


        


  
    
      
    
    
      operation()



        
          
        

    

  


  

      

          @type operation() ::
  :tools_list
  | {:tools_call, String.t()}
  | :resources_list
  | :resource_templates_list
  | {:resource_read, String.t()}
  | :prompts_list
  | {:prompt_get, String.t()}
  | :completion_complete
  | term()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Router{
  prompts: %{optional(String.t()) => module()},
  resource_names: %{optional(String.t()) => module()},
  resource_templates: %{optional(String.t()) => module()},
  resources: %{optional(String.t()) => module()},
  tools: %{optional(String.t()) => module()}
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      check(router, operation, params, context, opts \\ [])



        
          
        

    

  


  

      

          @spec check(t(), operation(), map(), Snodo.Context.t(), keyword()) ::
  :ok | {:ok, Snodo.Result.t()} | {:error, Snodo.Error.t()}


      


Runs the checks dispatch/5 performs before calling a tool, without calling
it: the tool lookup, the authorization policy's :invocation phase, and
argument validation. opts are the same as for dispatch/5.
Returns :ok when dispatch/5 would call the tool. Otherwise it returns what
dispatch/5 would: {:ok, result} with a Snodo.Result.error/2 result for
missing or invalid arguments, or {:error, error}.
Middleware that defers or persists a call instead of running it, such as
the Tasks extension, uses this through Snodo.Extension.check_dispatch/3,
so deferred work passes the same checks as a direct call.

  



  
    
      
    
    
      completion_capable?(router)



        
          
        

    

  


  

      

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


      


Returns whether any registered prompt or resource template supports completion.

  



    

  
    
      
    
    
      dispatch(router, operation, params, context, opts \\ [])



        
          
        

    

  


  

      

          @spec dispatch(t(), operation(), map(), Snodo.Context.t(), keyword()) ::
  {:ok, Snodo.Result.t()} | {:error, Snodo.Error.t()}


      


Runs one operation against the registered components.
Operations and the params each reads:
	:tools_list, :prompts_list, :resources_list, and
:resource_templates_list - the whole sorted catalog, less any
component the authorization policy refuses in the :discovery phase.
params is ignored. Pagination and cache hints are applied later by
Snodo.Server.
	{:tools_call, name} - calls the tool with params["arguments"]
(default %{}).
	{:resource_read, uri} - reads the direct resource or the one
template that matches uri. Template variables are merged into
params before Snodo.Resource.read/2 runs.
	{:prompt_get, name} - renders the prompt with params["arguments"],
a map of strings to strings.
	:completion_complete - completes a prompt or resource template
argument from the completion/complete params.

Any other operation returns a -32601 error.
Returns {:ok, %Snodo.Result{}} or {:error, %Snodo.Error{}}:
	An unknown name or URI, an "arguments" value of the wrong shape, or a
missing required prompt argument is a -32602 error.
	A missing required tool argument, tool arguments the schema validator
rejects, and a tool that returns {:error, reason} without an
Snodo.Error produce {:ok, result} with a Snodo.Result.error/2
result.
	An Snodo.Error returned by a component, or by the authorization
policy in the :invocation phase, is returned unchanged unless the
policy opts into concealing refusals as unknown components.
	A component that raises, exits, or returns an invalid value is a
-32603 error.

Options:
	:schema_validator - the Snodo.Schema.Validator module that checks
tool arguments and structured output. Defaults to
Snodo.Schema.Validator.Passthrough.
	:authorization - a Snodo.Authorization policy module,
{module, options}, or nil, as Snodo.Server.Runtime.new/1
accepts. Defaults to nil, which allows everything. Any other value
raises ArgumentError.


  



  
    
      
    
    
      list_prompts(router)



        
          
        

    

  


  

      

          @spec list_prompts(t()) :: [Snodo.Prompt.Definition.t()]


      


Returns the definition of every registered prompt, sorted by name.
No authorization policy is applied.

  



  
    
      
    
    
      list_resource_templates(router)



        
          
        

    

  


  

      

          @spec list_resource_templates(t()) :: [Snodo.Resource.Definition.t()]


      


Returns the definition of every resource template, sorted by URI template.
No authorization policy is applied.

  



  
    
      
    
    
      list_resources(router)



        
          
        

    

  


  

      

          @spec list_resources(t()) :: [Snodo.Resource.Definition.t()]


      


Returns the definition of every direct resource, sorted by URI.
No authorization policy is applied.

  



  
    
      
    
    
      list_tools(router)



        
          
        

    

  


  

      

          @spec list_tools(t()) :: [Snodo.Tool.Definition.t()]


      


Returns the definition of every registered tool, sorted by name.
No authorization policy is applied.

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      


Returns an empty router.

  



  
    
      
    
    
      register_prompt(router, prompt)



        
          
        

    

  


  

      

          @spec register_prompt(t(), module()) :: t()


      


Registers a prompt module under the name in its definition.
Registering the same module again returns the router unchanged. Raises
ArgumentError when the module is not a valid Snodo.Prompt or another
module already registered the name.

  



  
    
      
    
    
      register_resource(router, resource)



        
          
        

    

  


  

      

          @spec register_resource(t(), module()) :: t()


      


Registers a resource module.
A definition with a :uri registers a direct resource under that URI. A
definition with a :uri_template registers a resource template, which
answers any URI its Snodo.Resource.matches?/1 accepts. Registering the
same module again returns the router unchanged.
Raises ArgumentError when the module is not a valid Snodo.Resource, or
when its name, URI, or URI template is already registered by another
module. A direct URI that an existing template matches, and a template that
matches an existing direct URI, are also refused.

  



  
    
      
    
    
      register_tool(router, tool)



        
          
        

    

  


  

      

          @spec register_tool(t(), module()) :: t()


      


Registers a tool module under the name its Snodo.Tool.name/0 returns.
The module must implement Snodo.Tool with a valid definition. Registering
the same module again returns the router unchanged.
Raises ArgumentError when the module cannot be loaded, does not export the
Snodo.Tool callbacks, returns an invalid definition, or uses a name that
another module already registered.

  


        

      


  

    
Snodo.Schema.Validator behaviour
    



      
Pluggable JSON Schema validation boundary.
Validators receive the untouched schema map registered by the application.
Returning {:error, reason} marks an instance invalid; validators must not
mutate either the instance or schema.
Snodo.Schema.Validator.Basic is the dependency-free common-subset
implementation. Snodo.Schema.Validator.Passthrough remains the runtime
default so selecting validation is an explicit application policy.
Validators may implement compile/1 and validate_compiled/2. A server
runtime prepares its registered tool schemas once and retains the compiled
results for that runtime's lifetime. Build errors are returned at validation
time as server errors, as they are for a validator that only implements
validate/2. The error reason may be any term and is kept in the server's
internal error cause, not sent to the client.

      


      
        Summary


  
    Callbacks
  


    
      
        compile(schema)

      


    


    
      
        validate(instance, schema)

      


    


    
      
        validate_compiled(instance, compiled)

      


    





      


      
        Callbacks


        


  
    
      
    
    
      compile(schema)


        (optional)


        
          
        

    

  


  

      

          @callback compile(schema :: map()) :: {:ok, term()} | {:error, term()}


      



  



  
    
      
    
    
      validate(instance, schema)



        
          
        

    

  


  

      

          @callback validate(instance :: term(), schema :: map()) :: :ok | {:error, term()}


      



  



  
    
      
    
    
      validate_compiled(instance, compiled)


        (optional)


        
          
        

    

  


  

      

          @callback validate_compiled(instance :: term(), compiled :: term()) ::
  :ok | {:error, term()}


      



  


        

      


  

    
Snodo.Schema.Validator.Basic 
    



      
Dependency-free validation for the common JSON Schema subset used by tools.
The validator supports primitive and union type declarations, required,
recursive properties, additionalProperties, array items, enum,
const, and the usual string, numeric, array, and object size constraints.
Unknown keywords are preserved and ignored, so applications can use this as
a useful baseline while retaining schemas that require a complete backend.
Validation failures return Snodo.Schema.Validator.Basic.Error with a JSON
path and the keyword that rejected the value. The router puts the path and
message, which never quote the value, into the tool's isError result so a
model can correct its call.

      


      
        Summary


  
    Functions
  


    
      
        compile(schema)

      


        Precompiles the supported pattern keywords in a schema.



    


    
      
        validate_compiled(instance, arg)

      


        Validates with patterns prepared by compile/1.



    





      


      
        Functions


        


  
    
      
    
    
      compile(schema)



        
          
        

    

  


  

Precompiles the supported pattern keywords in a schema.

  



  
    
      
    
    
      validate_compiled(instance, arg)



        
          
        

    

  


  

Validates with patterns prepared by compile/1.

  


        

      


  

    
Snodo.Schema.Validator.Basic.Error 
    



      
A structured failure returned by Snodo.Schema.Validator.Basic.

      


      
        Summary


  
    Types
  


    
      
        path_segment()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      path_segment()



        
          
        

    

  


  

      

          @type path_segment() :: String.t() | non_neg_integer()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Schema.Validator.Basic.Error{
  keyword: String.t(),
  message: String.t(),
  path: [path_segment()]
}


      



  


        

      


  

    
Snodo.Schema.Validator.Passthrough 
    



      
Default validator used when an application has not installed a backend.

      




  

    
Snodo.Subscription 
    



      
An opened, request-scoped MCP subscription.
Applications implement Snodo.Subscription.Source; this module owns filter
narrowing, lifecycle safety, bounded pulling, and protocol wire shaping.
A subscription outlives its request, so it keeps only what it serves. The
source's open/3 callback receives the full request context. The context
stored in the subscription drops request parameters, metadata, client
capabilities, and transport request details. Negotiated extension settings
and accepted filter strings are copied out of the request body, so an open
stream does not keep the body alive.

      


      
        Summary


  
    Types
  


    
      
        id()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        acknowledgement(subscription)

      


        Returns the first required acknowledgement notification.



    


    
      
        close(subscription, reason)

      


        Closes the application-owned source handle once with an explicit reason.



    


    
      
        completion(subscription)

      


        Returns the final successful JSON-RPC response for graceful completion.



    


    
      
        failure(subscription, reason)

      


        Returns a terminal JSON-RPC error response for a failed open stream.



    


    
      
        notification(subscription, event)

      


        Shapes one requested source event or drops an event outside the accepted filter.



    


    
      
        open(source, requested_filter, context)

      


        Opens source for the notifications in requested_filter that the server
supports, and returns the opened subscription.



    


    
      
        start_worker(subscription, owner)

      


        Starts a monitored, demand-driven source worker owned by owner.



    


    
      
        stop_worker(worker, monitor)

      


        Stops a worker and removes its process monitor.



    





      


      
        Types


        


  
    
      
    
    
      id()



        
          
        

    

  


  

      

          @type id() :: integer() | String.t()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Subscription{
  accepted_filter: map(),
  context: Snodo.Context.t(),
  extension_filters: %{optional(String.t()) => map()},
  extension_registry: Snodo.Extension.Registry.t(),
  guard: pid(),
  handle: term(),
  id: id(),
  protocol: module(),
  source: Snodo.Subscription.Source.Config.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      acknowledgement(subscription)



        
          
        

    

  


  

      

          @spec acknowledgement(t()) :: {:ok, map()} | {:error, Snodo.Error.t()}


      


Returns the first required acknowledgement notification.

  



  
    
      
    
    
      close(subscription, reason)



        
          
        

    

  


  

      

          @spec close(t(), Snodo.Subscription.Source.close_reason()) :: :ok


      


Closes the application-owned source handle once with an explicit reason.

  



  
    
      
    
    
      completion(subscription)



        
          
        

    

  


  

      

          @spec completion(t()) :: {:ok, map()} | {:error, Snodo.Error.t()}


      


Returns the final successful JSON-RPC response for graceful completion.

  



  
    
      
    
    
      failure(subscription, reason)



        
          
        

    

  


  

      

          @spec failure(t(), term()) :: map()


      


Returns a terminal JSON-RPC error response for a failed open stream.

  



  
    
      
    
    
      notification(subscription, event)



        
          
        

    

  


  

      

          @spec notification(t(), Snodo.Subscription.Event.t()) ::
  {:ok, map()} | :drop | {:error, Snodo.Error.t()}


      


Shapes one requested source event or drops an event outside the accepted filter.

  



  
    
      
    
    
      open(source, requested_filter, context)



        
          
        

    

  


  

      

          @spec open(Snodo.Subscription.Source.Config.t(), map(), Snodo.Context.t()) ::
  {:ok, t()} | {:error, Snodo.Error.t()}


      


Opens source for the notifications in requested_filter that the server
supports, and returns the opened subscription.
Serve it with start_worker/2. A source guard starts before the opened
subscription is returned. Transports that supply an owner to open/5 are
protected during the handoff; direct callers can hand ownership to the
worker later.

  



  
    
      
    
    
      start_worker(subscription, owner)



        
          
        

    

  


  

      

          @spec start_worker(t(), pid()) :: {pid(), reference()}


      


Starts a monitored, demand-driven source worker owned by owner.
After each continue/1, the owner receives
{:mcp_subscription, worker, outcome} where the outcome is {:ok, event},
:closed, or {:error, reason}.
When open/5 received an owner, the guard watches it during the handoff.
This call hands the guard to owner before starting the pull worker. If the
owner exits, the guard closes the source and the worker stops its puller.

  



  
    
      
    
    
      stop_worker(worker, monitor)



        
          
        

    

  


  

      

          @spec stop_worker(pid(), reference()) :: :ok


      


Stops a worker and removes its process monitor.
The worker exits without closing the source handle; the subscription guard
handles close/2 and owner exit.

  


        

      


  

    
Snodo.Subscription.Event 
    



      
A protocol-neutral event emitted by an application subscription source.
Constructors cover the core subscriptions/listen notification families
and a generic extension-owned event envelope. The selected protocol dialect
or negotiated extension adds wire method names and subscription metadata
later, at the transport boundary.

      


      
        Summary


  
    Types
  


    
      
        kind()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        extension(extension_id, selector, payload, opts \\ [])

      


        Builds an event owned and wire-shaped by a negotiated extension.



    


    
      
        prompts_list_changed(opts \\ [])

      


        Builds a notifications/prompts/list_changed event.



    


    
      
        resource_updated(uri, opts \\ [])

      


        Builds a notifications/resources/updated event for one absolute URI.



    


    
      
        resources_list_changed(opts \\ [])

      


        Builds a notifications/resources/list_changed event.



    


    
      
        tools_list_changed(opts \\ [])

      


        Builds a notifications/tools/list_changed event.



    





      


      
        Types


        


  
    
      
    
    
      kind()



        
          
        

    

  


  

      

          @type kind() ::
  :tools_list_changed
  | :prompts_list_changed
  | :resources_list_changed
  | :resource_updated
  | :extension


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Subscription.Event{
  extension_id: String.t() | nil,
  kind: kind(),
  metadata: map(),
  params: map(),
  payload: term(),
  selector: map(),
  uri: String.t() | nil
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      extension(extension_id, selector, payload, opts \\ [])



        
          
        

    

  


  

      

          @spec extension(String.t(), map(), term(), keyword()) :: t()


      


Builds an event owned and wire-shaped by a negotiated extension.

  



    

  
    
      
    
    
      prompts_list_changed(opts \\ [])



        
          
        

    

  


  

      

          @spec prompts_list_changed(keyword()) :: t()


      


Builds a notifications/prompts/list_changed event.

  



    

  
    
      
    
    
      resource_updated(uri, opts \\ [])



        
          
        

    

  


  

      

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


      


Builds a notifications/resources/updated event for one absolute URI.

  



    

  
    
      
    
    
      resources_list_changed(opts \\ [])



        
          
        

    

  


  

      

          @spec resources_list_changed(keyword()) :: t()


      


Builds a notifications/resources/list_changed event.

  



    

  
    
      
    
    
      tools_list_changed(opts \\ [])



        
          
        

    

  


  

      

          @spec tools_list_changed(keyword()) :: t()


      


Builds a notifications/tools/list_changed event.

  


        

      


  

    
Snodo.Subscription.Hub 
    



      
An opt-in, application-supervised Snodo.Subscription.Source.
A hub broadcasts protocol-neutral Snodo.Subscription.Event values to every
listener whose accepted filter selects the event. Each listener has its own
bounded queue, so a client that stops reading cannot make the hub's memory
usage grow without limit. The default overflow policy keeps the newest
information by dropping the oldest queued event; applications may instead
configure overflow: :drop_newest.
The hub is application state, not router state. Start it under the
application's supervision tree and pass source/1 as the
:subscription_source option of a server's runtime/1 or of
Snodo.Server.Runtime.new/1:
children = [{Snodo.Subscription.Hub, name: MyApp.SubscriptionHub}]

runtime =
  MyServer.runtime(
    subscription_source: Snodo.Subscription.Hub.source(MyApp.SubscriptionHub)
  )
Publishers may send an existing event with publish/2 or use the core event
helpers such as notify_tools_list_changed/2. Extensions publish their own
Snodo.Subscription.Event.extension/4 values through the same publish/2
function; the negotiated extension remains responsible for filter admission
and wire shaping.

      


      
        Summary


  
    Types
  


    
      
        delivery_report()

      


    


    
      
        overflow_policy()

      


    


    
      
        server()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        complete(hub)

      


        Gracefully completes every listener currently attached to the hub.



    


    
      
        notify_prompts_list_changed(hub, opts \\ [])

      


        Publishes a prompt-list change event.



    


    
      
        notify_resource_updated(hub, uri, opts \\ [])

      


        Publishes an update event for one absolute resource URI.



    


    
      
        notify_resources_list_changed(hub, opts \\ [])

      


        Publishes a resource-list change event.



    


    
      
        notify_tools_list_changed(hub, opts \\ [])

      


        Publishes a tool-list change event.



    


    
      
        publish(hub, event)

      


        Publishes one protocol-neutral event to every matching listener.



    


    
      
        source(hub)

      


        Returns a source configuration for the :subscription_source runtime option.



    


    
      
        start_link(opts \\ [])

      


        Starts an application-owned subscription hub.



    


    
      
        stats(hub)

      


        Returns bounded-queue and listener counts for operational inspection.



    





      


      
        Types


        


  
    
      
    
    
      delivery_report()



        
          
        

    

  


  

      

          @type delivery_report() :: %{
  matched: non_neg_integer(),
  delivered: non_neg_integer(),
  buffered: non_neg_integer(),
  dropped: non_neg_integer()
}


      



  



  
    
      
    
    
      overflow_policy()



        
          
        

    

  


  

      

          @type overflow_policy() :: :drop_oldest | :drop_newest


      



  



  
    
      
    
    
      server()



        
          
        

    

  


  

      

          @type server() :: GenServer.server()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      complete(hub)



        
          
        

    

  


  

      

          @spec complete(server()) :: :ok


      


Gracefully completes every listener currently attached to the hub.

  



    

  
    
      
    
    
      notify_prompts_list_changed(hub, opts \\ [])



        
          
        

    

  


  

      

          @spec notify_prompts_list_changed(server(), keyword()) ::
  {:ok, delivery_report()} | {:error, {:invalid_event, String.t()}}


      


Publishes a prompt-list change event.

  



    

  
    
      
    
    
      notify_resource_updated(hub, uri, opts \\ [])



        
          
        

    

  


  

      

          @spec notify_resource_updated(server(), String.t(), keyword()) ::
  {:ok, delivery_report()} | {:error, {:invalid_event, String.t()}}


      


Publishes an update event for one absolute resource URI.

  



    

  
    
      
    
    
      notify_resources_list_changed(hub, opts \\ [])



        
          
        

    

  


  

      

          @spec notify_resources_list_changed(server(), keyword()) ::
  {:ok, delivery_report()} | {:error, {:invalid_event, String.t()}}


      


Publishes a resource-list change event.

  



    

  
    
      
    
    
      notify_tools_list_changed(hub, opts \\ [])



        
          
        

    

  


  

      

          @spec notify_tools_list_changed(server(), keyword()) ::
  {:ok, delivery_report()} | {:error, {:invalid_event, String.t()}}


      


Publishes a tool-list change event.

  



  
    
      
    
    
      publish(hub, event)



        
          
        

    

  


  

      

          @spec publish(server(), Snodo.Subscription.Event.t()) ::
  {:ok, delivery_report()} | {:error, {:invalid_event, String.t()}}


      


Publishes one protocol-neutral event to every matching listener.
The report distinguishes events delivered directly to a blocked pull from
events placed in a listener queue. :dropped counts per-listener overflow,
so one publication can be dropped more than once.

  



  
    
      
    
    
      source(hub)



        
          
        

    

  


  

      

          @spec source(server()) :: {module(), server()}


      


Returns a source configuration for the :subscription_source runtime option.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

          @spec start_link(keyword()) :: GenServer.on_start()


      


Starts an application-owned subscription hub.
Options are:
	:name - a standard GenServer registered name;
	:max_buffer - the positive per-listener queue bound, defaulting to
100;
	:overflow - either :drop_oldest (the default) or :drop_newest.
	:instrumentation - an optional Snodo.Instrumentation sink.


  



  
    
      
    
    
      stats(hub)



        
          
        

    

  


  

      

          @spec stats(server()) :: %{
  subscriptions: non_neg_integer(),
  closing: non_neg_integer(),
  queued: non_neg_integer(),
  dropped: non_neg_integer(),
  max_buffer: pos_integer(),
  overflow: overflow_policy()
}


      


Returns bounded-queue and listener counts for operational inspection.

  


        

      


  

    
Snodo.Subscription.Source behaviour
    



      
Application-owned event source boundary for subscriptions/listen.
Sources open a lightweight handle, pull one event at a time, and close that
handle when the request is cancelled, disconnected, completed, or fails.
next/2 may block; the framework always invokes it in a dedicated worker and
never requests another event until the previous event has been written.
open/3 must acknowledge only a subset of its requested filter. close/3
should return promptly and release any application resources associated with
a blocked pull. The framework calls close/3 at most once for a successfully
opened handle, including when the serving process exits during handoff or
shutdown.
next/2 may be called for a handle after close/3 has closed it. The owner
stops the worker while the guard closes the handle, so a worker
that is being stopped can still pull, and a source that serializes calls
through one process, such as a GenServer, can receive that pull after the
close. next/2 should return :closed for a closed handle rather than raise
or crash the source process.

      


      
        Summary


  
    Types
  


    
      
        close_reason()

      


    


    
      
        config()

      


    





  
    Callbacks
  


    
      
        close(handle, close_reason, options)

      


    


    
      
        next(handle, options)

      


    


    
      
        open(requested_filter, t, options)

      


    





      


      
        Types


        


  
    
      
    
    
      close_reason()



        
          
        

    

  


  

      

          @type close_reason() ::
  :cancelled | :disconnected | :complete | {:error, term()} | term()


      



  



  
    
      
    
    
      config()



        
          
        

    

  


  

      

          @type config() :: module() | {module(), term()} | Snodo.Subscription.Source.Config.t()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      close(handle, close_reason, options)



        
          
        

    

  


  

      

          @callback close(handle :: term(), close_reason(), options :: term()) :: :ok | term()


      



  



  
    
      
    
    
      next(handle, options)



        
          
        

    

  


  

      

          @callback next(handle :: term(), options :: term()) ::
  {:ok, Snodo.Subscription.Event.t()} | :closed | {:error, term()}


      



  



  
    
      
    
    
      open(requested_filter, t, options)



        
          
        

    

  


  

      

          @callback open(requested_filter :: map(), Snodo.Context.t(), options :: term()) ::
  {:ok, accepted_filter :: map(), handle :: term()}
  | {:error, Snodo.Error.t() | term()}


      



  


        

      


  

    
Snodo.Subscription.Source.Config 
    



      
A normalized subscription source: the source module and its options.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Subscription.Source.Config{module: module(), options: term()}


      



  


        

      


  

    
Snodo.Test 
    



      
In-process request helpers for component and protocol tests.
When protocol: is supplied, dispatch/2 adds that dialect's required
request metadata, including protocol version and client capabilities. A real
client must send these fields itself. Use Snodo.Server.dispatch/3 with literal
request maps, transport tests, and an independent client to test wire admission;
passing component tests alone does not establish transport interoperability.

      


      
        Summary


  
    Functions
  


    
      
        dispatch(runtime, opts)

      


        Builds one JSON-RPC request and dispatches it with Snodo.Server.dispatch/3
over the :direct transport.



    





      


      
        Functions


        


  
    
      
    
    
      dispatch(runtime, opts)



        
          
        

    

  


  

      

          @spec dispatch(Snodo.Server.Runtime.t(), keyword()) :: Snodo.Server.dispatch_result()


      


Builds one JSON-RPC request and dispatches it with Snodo.Server.dispatch/3
over the :direct transport.
Options:
	:method - the JSON-RPC method. Required.
	:params - the request params. Defaults to %{}.
	:id - the request ID. Defaults to 1.
	:protocol - a protocol version enabled in runtime. When set, the
dialect's request metadata is added to params["_meta"] (keys already
in params["_meta"] win) and the mcp-protocol-version header is set.
A version the runtime does not enable raises MatchError. Defaults to
nil, which adds neither.
	:client_capabilities - the client capabilities put in the metadata
when :protocol is set. Defaults to %{}.
	:transport_metadata - the transport context metadata, for example
%{auth: principal}, which handlers read as context.auth. Defaults
to %{}.

Returns what Snodo.Server.dispatch/3 returns: {:ok, response} with the
JSON-RPC response map, or {:stream, subscription} for
subscriptions/listen.
{:ok, %{"result" => result}} =
  Snodo.Test.dispatch(MyServer.runtime(),
    method: "tools/call",
    params: %{"name" => "echo", "arguments" => %{"text" => "hi"}},
    protocol: "2026-07-28"
  )

  


        

      


  

    
Snodo.Test.Assertions 
    



      
ExUnit assertions for testing an MCP server in process.
Import the module in a test case and run requests with a direct client from
client!/2 or client_as/3, or with Snodo.Test.dispatch/2:
defmodule MyServerTest do
  use ExUnit.Case, async: true

  import Snodo.Test.Assertions

  test "greets" do
    client = client!(MyServer.runtime())

    result = assert_tool_ok(Snodo.Client.call_tool(client, "greet", %{"name" => "Ada"}))
    assert [%{"text" => "Hello, Ada!"}] = result["content"]
  end
end
Every assertion returns the value it matched, so a test can go on to match
its fields. A failed assertion raises ExUnit.AssertionError with the
protocol error's code, message, and data, or the isError result's
content, in its message. An argument of the wrong type, such as a kind
other than :form, :url, :sampling, or :roots, raises
ArgumentError.
Responses
The assertions accept a response in any of these forms:
	what Snodo.Client returns: {:ok, result}, {:input_required, result}, or {:error, %Snodo.Error{}};
	what Snodo.Test.dispatch/2 returns: {:ok, response} with the
JSON-RPC response map;
	a JSON-RPC response map on its own.

A JSON-RPC response is decoded the way Snodo.Client decodes one, so both
paths reach the same assertion.
ExUnit
ExUnit ships with Elixir, so it is on the code path of every Mix project,
but snodo does not list it as an application and it is not started
outside a test run. Phoenix.ConnTest and Oban.Testing call ExUnit from
library code the same way. This module refers to ExUnit only to raise
ExUnit.AssertionError when an assertion fails, so it compiles in every
environment and nothing in it runs unless a test calls it.

      


      
        Summary


  
    Types
  


    
      
        answer()

      


        An answer to one input request: the response map the request expects, or a
function that receives the request's params and returns that map.



    


    
      
        answers()

      


        Answers keyed by input request kind (:form, :url, :sampling, or
:roots) or by input request ID. An ID key wins over a kind key.



    


    
      
        response()

      


        A response from Snodo.Client, from Snodo.Test.dispatch/2, or a JSON-RPC response map.



    





  
    Functions
  


    
      
        answer_input(result, answers)

      


        Builds the options that answer an input_required result on the next
request.



    


    
      
        assert_input_required(response, kind \\ nil)

      


        Asserts that a response is an input_required result.



    


    
      
        assert_listed(list, name)

      


        Asserts that a list includes the entry named name.



    


    
      
        assert_refused(response, code \\ nil)

      


        Asserts that a response is a JSON-RPC error, such as an authorization
refusal or a protocol error.



    


    
      
        assert_tool_error(response, text \\ nil)

      


        Asserts that a tools/call succeeded as a response but the tool reported
an error, with "isError" => true.



    


    
      
        assert_tool_ok(response)

      


        Asserts that a tools/call succeeded and the tool did not report an error.



    


    
      
        client!(runtime, opts \\ [])

      


        Builds a direct client for runtime with Snodo.Client.direct/2, and
fails the test when the runtime refuses it.



    


    
      
        client_as(runtime, principal, opts \\ [])

      


        Builds a direct client whose requests run as principal.



    


    
      
        refute_listed(list, name)

      


        Asserts that a list does not include the entry named name, as when an
authorization policy hides a component from a principal.



    





      


      
        Types


        


  
    
      
    
    
      answer()



        
          
        

    

  


  

      

          @type answer() :: map() | (map() -> map())


      


An answer to one input request: the response map the request expects, or a
function that receives the request's params and returns that map.

  



  
    
      
    
    
      answers()



        
          
        

    

  


  

      

          @type answers() ::
  %{optional(Snodo.Client.input_kind() | String.t()) => answer()}
  | keyword(answer())


      


Answers keyed by input request kind (:form, :url, :sampling, or
:roots) or by input request ID. An ID key wins over a kind key.

  



  
    
      
    
    
      response()



        
          
        

    

  


  

      

          @type response() :: Snodo.Client.response() | {:ok, map()} | {:stream, term()} | map()


      


A response from Snodo.Client, from Snodo.Test.dispatch/2, or a JSON-RPC response map.

  


        

      

      
        Functions


        


  
    
      
    
    
      answer_input(result, answers)



        
          
        

    

  


  

      

          @spec answer_input({:input_required, map()} | map(), answers()) :: keyword()


      


Builds the options that answer an input_required result on the next
request.
Takes the result, or the {:input_required, result} tuple, and answers
keyed by input request ID or by kind. Returns input_responses: with an
answer for every input request and, when the result carries one,
request_state:, ready to pass to Snodo.Client.call_tool/4 or
Snodo.Client.request/4. Fails when an input request has no answer.
result = assert_input_required(Snodo.Client.call_tool(client, "deploy"), :form)

Snodo.Client.call_tool(client, "deploy", %{},
  answer_input(result, form: %{"action" => "accept", "content" => %{"confirm" => true}})
)
|> assert_tool_ok()

  



    

  
    
      
    
    
      assert_input_required(response, kind \\ nil)



        
          
        

    

  


  

      

          @spec assert_input_required(response(), Snodo.Client.input_kind() | nil) :: map()


      


Asserts that a response is an input_required result.
Returns the result map. When kind is given (:form, :url,
:sampling, or :roots), at least one of its input requests must be of
that kind.

  



  
    
      
    
    
      assert_listed(list, name)



        
          
        

    

  


  

      

          @spec assert_listed(response() | Snodo.Client.Page.t() | [map()], String.t()) :: map()


      


Asserts that a list includes the entry named name.
name matches an entry's "name", "uri", or "uriTemplate". The list
is a response from Snodo.Client.list_tools/1 and the other list
functions, a Snodo.Client.Page, a response to a list request from
Snodo.Client.request/4 or Snodo.Test.dispatch/2, or a plain list.
Returns the entry.

  



    

  
    
      
    
    
      assert_refused(response, code \\ nil)



        
          
        

    

  


  

      

          @spec assert_refused(response(), integer() | nil) :: Snodo.Error.t()


      


Asserts that a response is a JSON-RPC error, such as an authorization
refusal or a protocol error.
Returns the Snodo.Error. When code is given, the error must carry it.
A transport error (kind: :transport) fails the assertion: the client
reports one when the server's response was malformed or the connection
failed, and neither is the server refusing the request.

  



    

  
    
      
    
    
      assert_tool_error(response, text \\ nil)



        
          
        

    

  


  

      

          @spec assert_tool_error(response(), String.t() | Regex.t() | nil) :: map()


      


Asserts that a tools/call succeeded as a response but the tool reported
an error, with "isError" => true.
Returns the result map. When text is given, the text of the result's
content must contain it (a string) or match it (a regex).

  



  
    
      
    
    
      assert_tool_ok(response)



        
          
        

    

  


  

      

          @spec assert_tool_ok(response()) :: map()


      


Asserts that a tools/call succeeded and the tool did not report an error.
Returns the result map. Fails with the protocol error for an error
response, with the input requests for an input_required result, and with
the content for a result with "isError" => true.

  



    

  
    
      
    
    
      client!(runtime, opts \\ [])



        
          
        

    

  


  

      

          @spec client!(Snodo.Server.Runtime.t(), keyword()) :: Snodo.Client.t()


      


Builds a direct client for runtime with Snodo.Client.direct/2, and
fails the test when the runtime refuses it.
Takes the options of Snodo.Client.direct/2, and:
	:answers - canned answers to input requests, keyed by kind (:form,
:url, :sampling, or :roots). Each answer is the response map, or a
function of the request's params that returns it. They become
:input_handlers, so a call answers the server's input requests and
returns the final result. An answer replaces an :input_handlers entry
of the same kind.

accepted = %{"action" => "accept", "content" => %{"name" => "Ada"}}
client = client!(MyServer.runtime(), answers: %{form: accepted})

assert_tool_ok(Snodo.Client.call_tool(client, "greet_interactively"))

  



    

  
    
      
    
    
      client_as(runtime, principal, opts \\ [])



        
          
        

    

  


  

      

          @spec client_as(Snodo.Server.Runtime.t(), term(), keyword()) :: Snodo.Client.t()


      


Builds a direct client whose requests run as principal.
Handlers and authorization policies read principal as context.auth, as
they would after a transport authenticated the request. Other options are
those of client!/2.
reader = client_as(MyServer.runtime(), %{"role" => "reader"})
assert_refused(Snodo.Client.call_tool(reader, "publish", %{}), -32_003)

  



  
    
      
    
    
      refute_listed(list, name)



        
          
        

    

  


  

      

          @spec refute_listed(response() | Snodo.Client.Page.t() | [map()], String.t()) :: [
  map()
]


      


Asserts that a list does not include the entry named name, as when an
authorization policy hides a component from a principal.
Takes the lists assert_listed/2 takes. Returns the list's entries.

  


        

      


  

    
Snodo.TraceContext 
    



      
Extracts bounded W3C trace context from request _meta without changing it.
Invalid values are omitted from the extracted context. tracestate is only
used with a valid traceparent, as required by W3C Trace Context. Applications
that need the original metadata can read Snodo.Context.metadata.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        client_metadata!(metadata)

      


        Validates the named client option and returns protocol-native metadata.



    


    
      
        from_metadata(metadata)

      


        Returns valid trace fields from a request metadata map.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %{optional(String.t()) => String.t()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      client_metadata!(metadata)



        
          
        

    

  


  

      

          @spec client_metadata!(term()) :: map()


      


Validates the named client option and returns protocol-native metadata.

  



  
    
      
    
    
      from_metadata(metadata)



        
          
        

    

  


  

      

          @spec from_metadata(term()) :: t()


      


Returns valid trace fields from a request metadata map.

  


        

      


  

    
Snodo.Completion 
    



      
A normalized, protocol-neutral completion request.
Completion callbacks receive the registered prompt or resource-template
reference, the argument being completed, its partial value, and any
previously resolved string arguments. Protocol dialects remain responsible
for translating their wire representation into this shape.

      


      
        Summary


  
    Types
  


    
      
        reference_type()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      reference_type()



        
          
        

    

  


  

      

          @type reference_type() :: :prompt | :resource_template


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Completion{
  argument: String.t(),
  arguments: %{optional(String.t()) => String.t()},
  reference: String.t(),
  reference_type: reference_type(),
  value: String.t()
}


      



  


        

      


  

    
Snodo.Context 
    



      
Immutable request-scoped protocol, transport, auth, and tracing context.
MRTR retries are new requests, not suspended handlers. input_responses
contains the client's bare input results and request_state is untrusted
opaque client input. Use Snodo.Elicitation.response/3 (or the deprecated
Snodo.Sampling.response/3 and Snodo.Roots.response/3) to consume a named
answer and Snodo.MRTR.State to protect state that affects business logic.
request_method and request_params preserve the incoming operation for
request-bound state verification; tool and prompt arguments remain unchanged.
dispatch_check is set by Snodo.Server while extension middleware runs; use
it through Snodo.Extension.check_dispatch/3.
trace_context contains valid W3C traceparent and tracestate values from
request _meta with string keys. When it contains "traceparent", pass it as
a client's :trace_context option to forward those values. metadata
retains the original request values.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Context{
  auth: map() | nil,
  cancellation: term() | nil,
  client_capabilities: map(),
  client_info: map() | nil,
  dispatch_check:
    (term(), map(), t() ->
       :ok | {:ok, Snodo.Result.t()} | {:error, Snodo.Error.t()})
    | nil,
  extension_options: %{optional(String.t()) => keyword() | map()},
  extensions: map(),
  input_responses: map(),
  metadata: map(),
  progress: Snodo.Progress.t() | nil,
  protocol: module(),
  protocol_version: String.t(),
  request_id: Snodo.Envelope.id(),
  request_method: String.t() | nil,
  request_params: map(),
  request_state: String.t() | nil,
  server_capabilities: map(),
  server_info: map(),
  session: term() | nil,
  trace_context: Snodo.TraceContext.t(),
  transport: Snodo.Transport.Context.t()
}


      



  


        

      


  

    
Snodo.Error 
    



      
A protocol-neutral error with JSON-RPC-compatible defaults.

      


      
        Summary


  
    Types
  


    
      
        kind()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        authorization(code, message, data \\ nil)

      


        Builds an application authorization refusal.



    


    
      
        execution(error)

      


        Wraps a failure reason as an execution error.



    


    
      
        internal(message \\ "Internal error", cause \\ nil)

      


        Builds an internal error: code -32603, kind :execution.



    


    
      
        invalid_params(message \\ "Invalid params", data \\ nil)

      


        Builds an invalid params error: code -32602, kind :protocol.



    


    
      
        invalid_request(message \\ "Invalid Request")

      


        Builds a JSON-RPC invalid request error: code -32600, kind :json_rpc.



    


    
      
        method_not_found(method)

      


        Builds a method-not-found error for method: code -32601, kind :protocol,
message "Method not found: <method>".



    


    
      
        parse_error(message \\ "Parse error")

      


        Builds a JSON-RPC parse error: code -32700, kind :json_rpc.



    


    
      
        to_json_rpc(error)

      


        Returns the JSON-RPC error object: "code", "message", and "data" when
data is not nil. kind and cause are not included.



    





      


      
        Types


        


  
    
      
    
    
      kind()



        
          
        

    

  


  

      

          @type kind() ::
  :json_rpc | :protocol | :transport | :execution | :authorization | :extension


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Error{
  cause: term() | nil,
  code: integer(),
  data: term() | nil,
  kind: kind(),
  message: String.t()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      authorization(code, message, data \\ nil)



        
          
        

    

  


  

      

          @spec authorization(integer(), String.t(), term() | nil) :: t()


      


Builds an application authorization refusal.
code is the application's own choice; JSON-RPC reserves -32000..-32099 for
implementation-defined server errors. snodo never invents one.

  



  
    
      
    
    
      execution(error)



        
          
        

    

  


  

      

          @spec execution(term()) :: t()


      


Wraps a failure reason as an execution error.
An Snodo.Error is returned unchanged. Any other reason becomes code
-32603 with the message "Tool execution failed", kind :execution, and
reason in the cause field, which to_json_rpc/1 leaves out.

  



    

    

  
    
      
    
    
      internal(message \\ "Internal error", cause \\ nil)



        
          
        

    

  


  

      

          @spec internal(String.t(), term() | nil) :: t()


      


Builds an internal error: code -32603, kind :execution.
cause is kept in the struct's cause field. to_json_rpc/1 leaves it
out, so it is not sent to the client.

  



    

    

  
    
      
    
    
      invalid_params(message \\ "Invalid params", data \\ nil)



        
          
        

    

  


  

      

          @spec invalid_params(String.t(), term() | nil) :: t()


      


Builds an invalid params error: code -32602, kind :protocol.
data, when not nil, is sent as the error's "data" and must be a JSON
value. Return this from a handler when the request should fail as a
JSON-RPC error, for example a resource that does not exist.

  



    

  
    
      
    
    
      invalid_request(message \\ "Invalid Request")



        
          
        

    

  


  

      

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


      


Builds a JSON-RPC invalid request error: code -32600, kind :json_rpc.

  



  
    
      
    
    
      method_not_found(method)



        
          
        

    

  


  

      

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


      


Builds a method-not-found error for method: code -32601, kind :protocol,
message "Method not found: <method>".

  



    

  
    
      
    
    
      parse_error(message \\ "Parse error")



        
          
        

    

  


  

      

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


      


Builds a JSON-RPC parse error: code -32700, kind :json_rpc.

  



  
    
      
    
    
      to_json_rpc(error)



        
          
        

    

  


  

      

          @spec to_json_rpc(t()) :: map()


      


Returns the JSON-RPC error object: "code", "message", and "data" when
data is not nil. kind and cause are not included.

  


        

      


  

    
Snodo.Prompt behaviour
    



      
Behaviour, compile-time DSL, and content builders for MCP prompts.
Prompt arguments are deliberately the flat string map defined by MCP rather
than JSON Schema. Required arguments are checked by the router before
render/2 runs. A prompt returns one or more user/assistant messages through
Snodo.Result.prompt_get/2.
wrap: applies Snodo.Component.Wrap modules to render/2 and, when
defined, complete/2 after router checks.

      


      
        Summary


  
    Callbacks
  


    
      
        complete(t, t)

      


    


    
      
        definition()

      


    


    
      
        render(arguments, t)

      


    





  
    Functions
  


    
      
        audio(encoded, mime_type, opts \\ [])

      


        Builds base64-encoded audio content for a prompt message.



    


    
      
        definition(prompt)

      


        Returns and validates the protocol-neutral definition for a prompt module.



    


    
      
        embedded_resource(resource_content, opts \\ [])

      


        Builds embedded resource content for a prompt message.



    


    
      
        image(encoded, mime_type, opts \\ [])

      


        Builds base64-encoded image content for a prompt message.



    


    
      
        message(role, content)

      


        Builds a prompt message with a user or assistant role.



    


    
      
        resource_link(uri, name, opts \\ [])

      


        Builds a resource link for a prompt message.



    


    
      
        text(value, opts \\ [])

      


        Builds text content for a prompt message.



    





      


      
        Callbacks


        


  
    
      
    
    
      complete(t, t)


        (optional)


        
          
        

    

  


  

      

          @callback complete(Snodo.Completion.t(), Snodo.Context.t()) ::
  {:ok, Snodo.Result.t()} | {:error, Snodo.Error.t() | term()}


      



  



  
    
      
    
    
      definition()



        
          
        

    

  


  

      

          @callback definition() :: Snodo.Prompt.Definition.t()


      



  



  
    
      
    
    
      render(arguments, t)



        
          
        

    

  


  

      

          @callback render(arguments :: %{optional(String.t()) => String.t()}, Snodo.Context.t()) ::
  {:ok, Snodo.Result.t()} | {:error, Snodo.Error.t() | term()}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      audio(encoded, mime_type, opts \\ [])



        
          
        

    

  


  

      

          @spec audio(String.t(), String.t(), keyword()) :: map()


      


Builds base64-encoded audio content for a prompt message.

  



  
    
      
    
    
      definition(prompt)



        
          
        

    

  


  

      

          @spec definition(module()) :: Snodo.Prompt.Definition.t()


      


Returns and validates the protocol-neutral definition for a prompt module.

  



    

  
    
      
    
    
      embedded_resource(resource_content, opts \\ [])



        
          
        

    

  


  

      

          @spec embedded_resource(map(), keyword()) :: map()


      


Builds embedded resource content for a prompt message.

  



    

  
    
      
    
    
      image(encoded, mime_type, opts \\ [])



        
          
        

    

  


  

      

          @spec image(String.t(), String.t(), keyword()) :: map()


      


Builds base64-encoded image content for a prompt message.

  



  
    
      
    
    
      message(role, content)



        
          
        

    

  


  

      

          @spec message(:user | :assistant | String.t(), map()) :: map()


      


Builds a prompt message with a user or assistant role.

  



    

  
    
      
    
    
      resource_link(uri, name, opts \\ [])



        
          
        

    

  


  

      

          @spec resource_link(String.t(), String.t(), keyword()) :: map()


      


Builds a resource link for a prompt message.

  



    

  
    
      
    
    
      text(value, opts \\ [])



        
          
        

    

  


  

      

          @spec text(String.t(), keyword()) :: map()


      


Builds text content for a prompt message.

  


        

      


  

    
Snodo.Prompt.Definition 
    



      
Protocol-neutral definition of an MCP prompt template.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Prompt.Definition{
  arguments: [map()],
  completion_arguments: [String.t()],
  description: String.t() | nil,
  icons: [map()],
  metadata: map(),
  name: String.t(),
  title: String.t() | nil
}


      



  


        

      


  

    
Snodo.Prompt.Simple 
    



      
Snodo.Prompt with declared arguments and plain return values from render/2.
Arguments are declared one per line instead of as a list of maps:
defmodule Review do
  use Snodo.Prompt.Simple, name: "review", description: "Review a package"

  argument "name", required: true, description: "Package name on hex.pm"
  argument "focus", description: "quality, security, or upgrade"

  @impl true
  def render(%{"name" => name} = arguments, _context) do
    {:ok, "Review #{name}, focusing on #{arguments["focus"] || "quality"}."}
  end
end
argument/2 accepts :required, :description, and :title. The module
accepts every other Snodo.Prompt option (:name, :title, :description,
:completion_arguments, :icons, :metadata, :wrap) and its definition is
validated at compile time by the same checks use Snodo.Prompt runs.
render/2 may return:
	{:ok, text} with a binary: one user message containing that text.
	{:ok, message} or {:ok, [message]}: messages built with
Snodo.Prompt.message/2, validated by the router as usual.
	{:ok, %Snodo.Result{}} and {:error, reason}, unchanged. Use
Snodo.Result.prompt_get/2 for a description or metadata and
Snodo.Result.input_required/1 for MRTR.


      


      
        Summary


  
    Functions
  


    
      
        argument(name, opts \\ [])

      


        Declares one prompt argument. Arguments are listed in declaration order.



    





      


      
        Functions


        


    

  
    
      
    
    
      argument(name, opts \\ [])


        (macro)


        
          
        

    

  


  

Declares one prompt argument. Arguments are listed in declaration order.

  


        

      


  

    
Snodo.Resource behaviour
    



      
Behaviour and compile-time convenience DSL for MCP resources.
A resource module declares either one exact :uri or one :uri_template.
The framework matches URIs against templates but does not expand them, and
authorization policy stays application-owned.
A template in the RFC 6570 shapes described in Snodo.Resource.Template
({var}, {+path}, {/seg}, {/seg*}, {?q,lang}) gets a generated
matches?/1, so it needs no matcher at all. A template outside those shapes
is a compile error that names the shape, unless the module implements
matches?/1 itself.
matches?/1 may answer in two ways. true and false route without saying
anything more. {:ok, variables}, a map of string keys to string values,
routes and hands the extracted template variables to read/2, so a
matcher never has to be paired with a second parse of the same URI. The
generated matcher uses this form. Variables may not shadow "uri" or
"_meta", which the request itself owns.
read/2 receives the request params, merged with any variables the matcher
bound, plus the immutable request context. It returns
Snodo.Result.resource_read/2 containing text or blob content maps.
defmodule PackageInfo do
  use Snodo.Resource, uri_template: "hex://{name}/info", name: "package_info"

  @impl true
  def read(%{"name" => name}, _context), do: fetch(name)
end
Content maps must contain only JSON values, which means string keys.
Snodo.JSONValue.encodable!/1 converts an atom-keyed domain value into one.
wrap: applies Snodo.Component.Wrap modules to read/2 and, when defined,
complete/2 after router checks.
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    Callbacks
  


    
      
        complete(t, t)

      


    


    
      
        definition()

      


    


    
      
        matches?(uri)

      


    


    
      
        read(params, t)

      


    





  
    Functions
  


    
      
        blob(uri, encoded, opts \\ [])

      


        Builds one base64-encoded binary resource-content map.



    


    
      
        definition(resource)

      


        Returns and validates the protocol-neutral definition for a resource module.



    


    
      
        json(uri, value, opts \\ [])

      


        Builds one JSON text resource-content map.



    


    
      
        text(uri, text, opts \\ [])

      


        Builds one text resource-content map.



    


    
      
        validate_module!(resource)

      


        Validates all resource callbacks and static metadata.



    





      


      
        Callbacks


        


  
    
      
    
    
      complete(t, t)


        (optional)


        
          
        

    

  


  

      

          @callback complete(Snodo.Completion.t(), Snodo.Context.t()) ::
  {:ok, Snodo.Result.t()} | {:error, Snodo.Error.t() | term()}


      



  



  
    
      
    
    
      definition()



        
          
        

    

  


  

      

          @callback definition() :: Snodo.Resource.Definition.t()


      



  



  
    
      
    
    
      matches?(uri)



        
          
        

    

  


  

      

          @callback matches?(uri :: String.t()) ::
  boolean() | {:ok, Snodo.Resource.Template.variables()}


      



  



  
    
      
    
    
      read(params, t)



        
          
        

    

  


  

      

          @callback read(params :: map(), Snodo.Context.t()) ::
  {:ok, Snodo.Result.t()} | {:error, Snodo.Error.t() | term()}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      blob(uri, encoded, opts \\ [])



        
          
        

    

  


  

      

          @spec blob(String.t(), String.t(), keyword()) :: map()


      


Builds one base64-encoded binary resource-content map.

  



  
    
      
    
    
      definition(resource)



        
          
        

    

  


  

      

          @spec definition(module()) :: Snodo.Resource.Definition.t()


      


Returns and validates the protocol-neutral definition for a resource module.

  



    

  
    
      
    
    
      json(uri, value, opts \\ [])



        
          
        

    

  


  

      

          @spec json(String.t(), term(), keyword()) :: map()


      


Builds one JSON text resource-content map.

  



    

  
    
      
    
    
      text(uri, text, opts \\ [])



        
          
        

    

  


  

      

          @spec text(String.t(), String.t(), keyword()) :: map()


      


Builds one text resource-content map.

  



  
    
      
    
    
      validate_module!(resource)



        
          
        

    

  


  

      

          @spec validate_module!(module()) :: :ok


      


Validates all resource callbacks and static metadata.

  


        

      


  

    
Snodo.Resource.Definition 
    



      
Protocol-neutral definition of a direct resource or resource template.
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    Types
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        Types


        


  
    
      
    
    
      kind()



        
          
        

    

  


  

      

          @type kind() :: :resource | :template


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Resource.Definition{
  annotations: map(),
  completion_arguments: [String.t()],
  description: String.t() | nil,
  icons: [map()],
  kind: kind(),
  metadata: map(),
  mime_type: String.t() | nil,
  name: String.t(),
  size: non_neg_integer() | nil,
  title: String.t() | nil,
  uri: String.t() | nil,
  uri_template: String.t() | nil
}


      



  


        

      


  

    
Snodo.Resource.Simple 
    



      
Snodo.Resource with plain return values from read/2.
It accepts every Snodo.Resource option and produces the same definition and
matcher. The difference is what read/2 may return:
	{:ok, text} with a binary is one text content at the requested URI,
carrying the declared :mime_type.
	{:ok, value} with any other JSON value is one JSON content, with
"application/json" unless another :mime_type is declared.
	{:ok, %Snodo.Result{}} and {:error, reason} pass through unchanged. Use
Snodo.Result.resource_read/2 for blobs, several contents, cache hints,
or content metadata, and Snodo.Result.input_required/1 for MRTR.

JSON values must already use string keys; Snodo.JSONValue.encodable!/1
converts an atom-keyed domain value.
defmodule ToolboxGroups do
  use Snodo.Resource.Simple,
    uri: "toolbox://groups",
    name: "toolbox_groups",
    mime_type: "application/json"

  @impl true
  def read(_params, _context), do: {:ok, %{"groups" => ["web", "data"]}}
end
The conversion wraps the module's own read/2, so Snodo.Router receives an
Snodo.Result exactly as it does from a plain Snodo.Resource.

      




  

    
Snodo.Resource.Template 
    



      
An exact matcher for the RFC 6570 URI template shapes that can be matched
without ambiguity.
Snodo.Resource compiles a template at build time and generates
matches?/1 from the result. A template outside the supported shapes is a
compile error naming the shape, unless the module implements matches?/1
itself. This module matches URIs against templates; it does not expand them.
Supported shapes
	The scheme is a literal, matched case-insensitively.

	The authority is one literal, one {var}, or empty when a literal /
follows it, as in file:///{+path}. An empty authority matches only an
empty host.

	Each path segment is one literal or one {var}. A {var} binds exactly
one whole, non-empty segment.

	At most one variable-length path expression, anywhere in the path:
	/{+var} (reserved expansion) binds one or more whole segments,
joined with /;
	{/var} (path segment expansion) binds zero or one segment;
	{/var*} (exploded path segments) binds zero or more segments,
joined with /.

The literal and {var} segments before and after it are matched from
each end, so there is never more than one way to split a URI.

	Query expansion at the end of the template: one {?a,b} followed by any
number of {&c,d}. Each named parameter may appear at most once, in any
order, and may be absent. A parameter that the template does not name,
a repeated parameter, a pair without =, or an empty query does not
match. q= binds "".


A variable that is not bound, an absent {/var}, {/var*}, or query
parameter, is left out of the returned map, as RFC 6570 leaves undefined
variables out of an expansion.
Rejected shapes
compile/1 returns {:error, reason}, and the reason names the shape, for:
fragment expansion {#var}, label expansion {.var}, path-style parameters
{;var}, the reserved operators = , ! @ |, prefix modifiers {var:n},
explode on simple, reserved, or query variables, more than one variable in a
simple, reserved, or path expression ({a,b}, {/a,b}: a missing value
cannot be assigned to one variable), more than one variable-length path
expression, an expression that shares a path segment with literal text or
another expression (v{version}, {name}.json), any expression in the
scheme, a reserved expression in the authority, an empty authority not
followed by /, a {/var} straight after a literal /, a query expression
that is not at the end, a literal query, fragment, port, or userinfo, empty
segments,
variables named uri or _meta (the request owns those keys), and
malformed literals.
Values
Matched values are percent-decoded once and must be valid UTF-8. Malformed
percent escapes and empty path segments do not match. + is not decoded as
a space. Repeated variables must bind the same decoded value. Literal
authority and path segments match exactly, without percent-decoding or
slash normalization, and dot segments (. and ..) are not removed.
A decoded value can therefore contain / (from %2F, or from the segments
that {+var} and {/var*} join), can be .. or contain ../, and can
contain a NUL byte (from %00). An application that maps a value to a file
must treat it as untrusted: reject values containing NUL, and resolve the
rest with Path.safe_relative/2 against the directory it serves (or reject
values containing /, \, or .. segments) before touching the file
system.
Limits
A template is at most 1,024 bytes with at most 32 variables, checked
when it compiles. Matching is linear in the length of the URI: the URI is
parsed once, split once on /, and each fixed segment and query pair is
examined once, with no backtracking. The span a variable-length expression
binds is checked and decoded as one binary, not segment by segment. A query with more pairs than the template names
is refused before the rest is read. The length of the URI is bounded by the
transport's message size limit.
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        Compiles a URI template, or reports why it is outside the supported shapes.
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        Matches a concrete URI, returning the bound variables.
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        Returns the variable names a compiled template binds, in template order.
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          @type expansion() ::
  {:reserved, String.t()} | {:optional, String.t()} | {:explode, String.t()}
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          @type part() :: {:literal, String.t()} | {:variable, String.t()}
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          @type t() :: %Snodo.Resource.Template{
  authority: part(),
  expansion: expansion() | nil,
  query: [String.t()],
  scheme: String.t(),
  segments: [part()],
  suffix: [part()]
}
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          @type variables() :: %{optional(String.t()) => String.t()}
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          @spec compile(String.t()) :: {:ok, t()} | {:error, String.t()}


      


Compiles a URI template, or reports why it is outside the supported shapes.
URI.new/1 rejects the braces, so the template is parsed textually. Its
literals are checked as a concrete URI with safe placeholders for variables,
so an invalid literal cannot produce an unreachable generated matcher.
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          @spec match(t(), String.t()) :: {:ok, variables()} | :error


      


Matches a concrete URI, returning the bound variables.
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          @spec variables(t()) :: [String.t()]


      


Returns the variable names a compiled template binds, in template order.

  


        

      


  

    
Snodo.Result 
    



      
A protocol-neutral handler result shaped later by the selected dialect.
error/2 builds a successful tools/call response carrying
isError: true. That is what a failed upstream call, a rejected domain
precondition, or any other outcome the tool itself understands should
return. It is not the same as returning {:error, %Snodo.Error{}} from a
handler, which makes the whole JSON-RPC request fail. See Snodo.Tool for
which to reach for.
Values handed to structured/2 and to the content builders must be JSON
values, meaning string keys and no atoms. Snodo.JSONValue.encodable!/1
converts an atom-keyed domain value into one.
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        completion(values, opts \\ [])

      


        Builds a ranked completion result with optional cardinality hints.



    


    
      
        content(contents, opts \\ [])

      


        Builds a tools/call result from content blocks.



    


    
      
        error(message, opts \\ [])

      


        Builds a tools/call result that reports a failure.



    


    
      
        input_required(opts \\ [])

      


        Requests another round trip from an ordinary tool, resource, or prompt.



    


    
      
        normalize(result)

      


        Converts a tool's {:ok, value} payload into a result.



    


    
      
        prompt_get(messages, opts \\ [])

      


        Builds a prompts/get result.



    


    
      
        prompts(definitions)

      


        Builds a prompts/list result from Snodo.Prompt.Definition structs.



    


    
      
        raw(value)

      


        Wraps a map that is already in wire shape.



    


    
      
        resource_read(contents, opts \\ [])

      


        Builds a resources/read result.



    


    
      
        resource_templates(definitions)

      


        Builds a resources/templates/list result from Snodo.Resource.Definition
structs.



    


    
      
        resources(definitions)

      


        Builds a resources/list result from Snodo.Resource.Definition structs.



    


    
      
        structured(value, opts \\ [])

      


        Builds a structured result from a JSON value.



    


    
      
        text(text, opts \\ [])

      


        Builds a text result.



    


    
      
        tools(definitions)

      


        Builds a tools/list result from Snodo.Tool.Definition structs.



    


    
      
        wire(value, opts \\ [])

      


        Marks a JSON object as an already dialect-shaped result.
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          @type kind() ::
  :text
  | :structured
  | :content
  | :tools
  | :resources
  | :resource_templates
  | :resource_read
  | :prompts
  | :prompt_get
  | :completion
  | :subscription
  | :input_required
  | :error
  | :raw
  | :wire
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          @type t() :: %Snodo.Result{kind: kind(), metadata: map(), value: term()}
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          @spec completion([String.t()], keyword()) :: t()


      


Builds a ranked completion result with optional cardinality hints.
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          @spec content(map() | [map()], keyword()) :: t()


      


Builds a tools/call result from content blocks.
contents is one content block map, such as an "image" or embedded
"resource" block, or a list of them. It becomes the result's "content"
unchanged, with "isError" => false.
Options:
	:metadata - as for text/2.


  



    

  
    
      
    
    
      error(message, opts \\ [])



        
          
        

    

  


  

      

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


      


Builds a tools/call result that reports a failure.
message becomes one "text" content block and "isError" is true. The
JSON-RPC request itself succeeds. Output schema validation is skipped.
Options:
	:metadata - as for text/2.
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          @spec input_required(keyword()) :: t()


      


Requests another round trip from an ordinary tool, resource, or prompt.
Provide :input_requests (a map of server-assigned IDs to bare input
requests), :request_state (an opaque string), or both. For example:
Result.input_required(input_requests: %{"approval" => request})
Bare input requests come from Snodo.Elicitation, or from the deprecated
Snodo.Sampling and Snodo.Roots kinds. The current request ends when this
result is sent. The client may retry with a fresh ID and new
Snodo.Context.input_responses / request_state values, or never retry.
Keep side effects explicit and defer them until inputs are ready. Use
Snodo.MRTR.State when state influences business logic; a plain string is
not integrity protection. The dialect validates placement and peer support.
Prefer a nonempty input map or a state-only continuation. The pinned official
TypeScript client rejects an empty inputRequests without state, even though
the protocol schema permits that field to be an empty map.
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          @spec normalize(t() | term()) :: t()


      


Converts a tool's {:ok, value} payload into a result.
A Snodo.Result is returned unchanged, a binary becomes text/1, and any
other value becomes structured/1.

  



    

  
    
      
    
    
      prompt_get(messages, opts \\ [])



        
          
        

    

  


  

      

          @spec prompt_get([map()] | map(), keyword()) :: t()


      


Builds a prompts/get result.
messages is one message or a list of them, built with
Snodo.Prompt.message/2.
Options:
	:description - a string sent as the result's "description".
	:metadata - as for text/2.
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          @spec prompts([term()]) :: t()


      


Builds a prompts/list result from Snodo.Prompt.Definition structs.
Snodo.Router.dispatch/5 returns this for :prompts_list.

  



  
    
      
    
    
      raw(value)



        
          
        

    

  


  

      

          @spec raw(term()) :: t()


      


Wraps a map that is already in wire shape.
As a tools/call result, the map is sent as the result, with "content"
defaulting to [] and "isError" to false. When the tool declares an
output schema, the map must carry "structuredContent", which is validated.
Extensions also return raw/1 from Snodo.Extension.dispatch/3 and shape
the value in Snodo.Extension.shape_result/3.
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          @spec resource_read([map()] | map(), keyword()) :: t()


      


Builds a resources/read result.
contents is one resource-content map or a list of them, built with
Snodo.Resource.text/3, Snodo.Resource.json/3, or Snodo.Resource.blob/3.
Options:
	:metadata - a map. String keys are added to the result's "_meta".
The atom keys :ttl_ms (a non-negative integer) and :cache_scope
("public" or "private") override the runtime's resources_cache
policy for this read.
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          @spec resource_templates([term()]) :: t()


      


Builds a resources/templates/list result from Snodo.Resource.Definition
structs.
Snodo.Router.dispatch/5 returns this for :resource_templates_list.
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          @spec resources([term()]) :: t()


      


Builds a resources/list result from Snodo.Resource.Definition structs.
Snodo.Router.dispatch/5 returns this for :resources_list.
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          @spec structured(term(), keyword()) :: t()


      


Builds a structured result from a JSON value.
As a tools/call result, value becomes "structuredContent" and is also
encoded as JSON into one "text" content block. When the tool declares an
output schema, the runtime's schema validator checks value against it.
Options:
	:metadata - as for text/2.


  



    

  
    
      
    
    
      text(text, opts \\ [])



        
          
        

    

  


  

      

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


      


Builds a text result.
As a tools/call result it becomes one "text" content block with
"isError" => false.
Options:
	:metadata - a map. String keys are added to the result's "_meta";
atom keys are not sent.
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          @spec tools([map()]) :: t()


      


Builds a tools/list result from Snodo.Tool.Definition structs.
Snodo.Router.dispatch/5 returns this for :tools_list. The server then
pages it and adds cache hints.
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          @spec wire(map(), keyword()) :: t()


      


Marks a JSON object as an already dialect-shaped result.
This escape hatch is intended for protocol dialects and negotiated extensions
that add a polymorphic result shape to an existing core method. The selected
dialect still stamps response metadata and the server still validates that the
final JSON-RPC response is JSON-compatible.

  


        

      


  

    
Snodo.Server 
    



      
Dialect-driven direct dispatch and a declarative server builder.
use Snodo.Server builds router/0, protocols/0, runtime/1, and
child_spec/1 from the components the module declares. A component is
either an existing module or an inline block:
defmodule EchoServer do
  use Snodo.Server, name: "echo-server", version: "0.1.0"

  tool "greet", description: "Create a greeting" do
    argument "name", :string, required: true

    @impl true
    def call(%{"name" => name}, _context), do: {:ok, "Hello, #{name}!"}
  end

  resource "toolbox_groups", uri: "toolbox://groups", mime_type: "application/json" do
    @impl true
    def read(_params, _context), do: {:ok, %{"groups" => ["web", "data"]}}
  end

  prompt "review", description: "Review a package" do
    argument "name", required: true

    @impl true
    def render(%{"name" => name}, _context), do: {:ok, "Review #{name}."}
  end

  tool MyApp.Search
end
An inline block is the body of a generated module that uses
Snodo.Tool.Simple, Snodo.Resource.Simple, or Snodo.Prompt.Simple with the
given name and options. The module is named after the component, here
EchoServer.Tools.Greet, EchoServer.Resources.ToolboxGroups, and
EchoServer.Prompts.Review, and is registered exactly as a module component
is. Inline and module components can be mixed freely.
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        dispatch(runtime, raw, transport)

      


        Dispatches one decoded JSON-RPC map through the configured dialect and router.



    


    
      
        prompt(module_ast)

      


        Registers an existing prompt module, one that implements Snodo.Prompt
directly or through Snodo.Prompt.Simple.



    


    
      
        prompt(name, opts)

      


        Defines and registers an inline prompt module that uses Snodo.Prompt.Simple.



    


    
      
        reject(runtime, raw, transport, error)

      


        Shapes an execution-policy error through the selected protocol dialect.



    


    
      
        resource(module_ast)

      


        Registers an existing resource module, one that implements Snodo.Resource
directly or through Snodo.Resource.Simple.



    


    
      
        resource(name, opts)

      


        Defines and registers an inline resource module that uses
Snodo.Resource.Simple.



    


    
      
        tool(module_ast)

      


        Registers an existing tool module, one that implements Snodo.Tool
directly or through Snodo.Tool.Simple.



    


    
      
        tool(name, opts)

      


        Defines and registers an inline tool module that uses Snodo.Tool.Simple.
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          @type dispatch_result() :: {:ok, map() | nil} | {:stream, Snodo.Subscription.t()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      dispatch(runtime, raw, transport)



        
          
        

    

  


  

      

          @spec dispatch(Snodo.Server.Runtime.t(), term(), Snodo.Transport.Context.t()) ::
  dispatch_result()


      


Dispatches one decoded JSON-RPC map through the configured dialect and router.
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Registers an existing prompt module, one that implements Snodo.Prompt
directly or through Snodo.Prompt.Simple.
The module is registered with Snodo.Router.register_prompt/2 each time
router/0 or runtime/1 runs, which raises ArgumentError for an invalid
module or a duplicate prompt name.
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Defines and registers an inline prompt module that uses Snodo.Prompt.Simple.
opts are the Snodo.Prompt.Simple options other than :name.
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          @spec reject(
  Snodo.Server.Runtime.t(),
  term(),
  Snodo.Transport.Context.t(),
  Snodo.Error.t()
) ::
  dispatch_result()


      


Shapes an execution-policy error through the selected protocol dialect.
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        (macro)


        
          
        

    

  


  

Registers an existing resource module, one that implements Snodo.Resource
directly or through Snodo.Resource.Simple.
The module is registered with Snodo.Router.register_resource/2 each time
router/0 or runtime/1 runs, which raises ArgumentError for an invalid
module or a colliding name, URI, or URI template.
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Defines and registers an inline resource module that uses
Snodo.Resource.Simple.
opts are the Snodo.Resource options other than :name, and must include
:uri or :uri_template.
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        (macro)


        
          
        

    

  


  

Registers an existing tool module, one that implements Snodo.Tool
directly or through Snodo.Tool.Simple.
The module is registered with Snodo.Router.register_tool/2 each time
router/0 or runtime/1 runs, which raises ArgumentError for an invalid
module or a duplicate tool name.
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Defines and registers an inline tool module that uses Snodo.Tool.Simple.
opts are the Snodo.Tool.Simple options other than :name.

  


        

      


  

    
Snodo.Server.Executor 
    



      
Optional, transport-neutral execution policy around the synchronous server core.
The executor knows nothing about JSON-RPC, protocol dialects, sessions, or
transports. Callers submit a function that receives a cooperative
Snodo.Cancellation token. The executor bounds concurrent work, optionally
queues admitted work, enforces execution deadlines, and reports terminal
outcomes back to the submitting process while both it and the executor remain
alive. Work is cancelled without delivery when its reply owner terminates.
Work that outlives its execution, such as an open subscription stream, can
hold a counted slot with acquire_slot/4. The executor releases the slot when
its owner exits.
Direct callers can continue to invoke Snodo.Server.dispatch/3 without
starting this or any other process.
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        acquire_slot(server, pool, limit, owner \\ self())

      


        Takes one of limit slots in pool for owner, which defaults to the caller.



    


    
      
        cancel(server, key, reason \\ nil)

      


        Cancels queued or running work identified by its caller-supplied key.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(opts \\ [])

      


        Starts an executor linked to the calling process.



    


    
      
        stats(server)

      


        Returns the current bounded-execution counters and limits.



    


    
      
        submit(server, key, work, opts \\ [])

      


        Submits one unit of work.
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          @type event() :: {:mcp_execution, pid(), execution_ref(), execution_key(), outcome()}
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          @type execution_key() :: term()
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          @type execution_ref() :: reference()
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          @type execution_timeout() :: non_neg_integer() | :infinity
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          @type outcome() ::
  {:completed, term()}
  | {:cancelled, term()}
  | {:timed_out, non_neg_integer()}
  | {:failed, term()}
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          @type server() :: GenServer.server()
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          @spec acquire_slot(server(), term(), pos_integer(), pid()) ::
  :ok | {:error, :exhausted}


      


Takes one of limit slots in pool for owner, which defaults to the caller.
A pool is any term; each pool is counted separately. Slots are independent of
:max_concurrency and :max_queue. The executor monitors owner and returns
the slot to the pool when owner exits, for any reason. Returns
{:error, :exhausted} when pool already has limit slots taken.
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          @spec cancel(server(), execution_key(), term()) :: :ok | {:error, :not_found}


      


Cancels queued or running work identified by its caller-supplied key.
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Returns a specification to start this module under a supervisor.
See Supervisor.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

          @spec start_link(keyword()) :: GenServer.on_start()


      


Starts an executor linked to the calling process.
Options:
	:name - a name to register the executor under.
	:max_concurrency - the most work that runs at once. A positive
integer, default 32.
	:max_queue - the most admitted work that waits for a free slot. A
non-negative integer, default 256. When both limits are reached,
submit/4 returns {:error, :overloaded}.
	:default_timeout - the deadline in milliseconds for work submitted
without :timeout. A non-negative integer or :infinity, default
30,000.

An invalid option raises ArgumentError in the executor process, and the
start fails.
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          @spec stats(server()) :: %{
  running: non_neg_integer(),
  queued: non_neg_integer(),
  max_concurrency: pos_integer(),
  max_queue: non_neg_integer()
}


      


Returns the current bounded-execution counters and limits.
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          @spec submit(server(), execution_key(), (Snodo.Cancellation.t() -> term()), keyword()) ::
  {:ok, execution_ref()} | {:error, :duplicate_key | :overloaded}


      


Submits one unit of work.
key must be unique across running and queued executions. The supplied
function runs in a supervised task and receives a cancellation token. On
completion, the executor sends an event/0 message to :reply_to, which
defaults to the submitting process. Reply-owner termination or executor
shutdown ends that delivery guarantee and tears down the work instead.

  


        

      


  

    
Snodo.Server.Runtime 
    



      
Immutable server configuration shared by direct and transport dispatch.
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        t()

      


    





  
    Functions
  


    
      
        new(opts)

      


        Builds and validates a runtime. It starts no process.
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      cache_policy()



        
          
        

    

  


  

      

          @type cache_policy() :: %{ttl_ms: non_neg_integer(), scope: String.t()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Server.Runtime{
  authorization: Snodo.Authorization.config(),
  capabilities: map(),
  compiled_schemas: map(),
  discovery_cache: cache_policy(),
  extension_registry: Snodo.Extension.Registry.t(),
  instructions: String.t() | nil,
  instrumentation: Snodo.Instrumentation.Config.t() | nil,
  pagination: Snodo.Pagination.t(),
  prompts_cache: cache_policy(),
  protocol_registry: Snodo.Protocol.Registry.t(),
  resources_cache: cache_policy(),
  router: Snodo.Router.t(),
  schema_validator: module(),
  server_info: map(),
  subscription_source: Snodo.Subscription.Source.Config.t() | nil,
  tools_cache: cache_policy()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(opts)



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


Builds and validates a runtime. It starts no process.
A module that uses Snodo.Server builds its runtime with runtime/1, which
calls this function with the declared options and any overrides.
Required options:
	:router - the Snodo.Router with the registered components.
	:protocols - the protocol dialect modules to enable, in preference
order, such as [Snodo.Protocol.V2026_07_28].
	:server_info - a map with string "name" and "version" and,
optionally, "title", "description", "websiteUrl", and "icons".

Other options:
	:capabilities - the server capabilities map. Defaults to "tools",
"prompts", and "resources" for each kind the router has
registered, plus "completions" when a registered prompt or resource
template supports completion.
	:extensions - Snodo.Extension modules or {module, options}
tuples. Defaults to [].
	:instructions - a string returned in server/discover and
initialize results, or nil (the default).
	:schema_validator - a Snodo.Schema.Validator module. Defaults to
Snodo.Schema.Validator.Passthrough.
	:subscription_source - a Snodo.Subscription.Source module or
{module, options}. Defaults to nil, which leaves
subscriptions/listen unavailable.
	:instrumentation - a Snodo.Instrumentation sink module or
{module, options}. Defaults to nil.
	:authorization - a Snodo.Authorization policy module or
{module, options}. Defaults to nil.
	:discovery_cache, :tools_cache, :prompts_cache,
:resources_cache - [ttl_ms: non_neg_integer, scope: "private" | "public"]. Each defaults to ttl_ms: 0, scope: "private". With an
:authorization policy, the tools, prompts, and resources caches must
be "private": their results can differ per principal, and a public
hint lets a shared cache serve one principal's result to another.
	:pagination - [page_size: pos_integer]. Defaults to a page size
of 100.

A missing required option raises KeyError. An invalid value raises
ArgumentError, including a capability an enabled protocol profile does
not support, "completions" without a completion-capable component, a
listChanged or subscribe setting of true without a
:subscription_source, an advertised extension that is not installed, and a
"public" tools, prompts, or resources cache with an :authorization policy.
When an initialize-era dialect is enabled, a warning is logged naming any
tool those clients cannot list.

  


        

      


  

    
Snodo.Server.Supervisor 
    



      
Optional supervision boundary for configured transport children.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(opts)

      


        Starts a :one_for_one supervisor with one child per configured transport.
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      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

Starts a :one_for_one supervisor with one child per configured transport.
The child spec that use Snodo.Server defines starts this supervisor. It
takes :transports and :supervisor_name (passed here as :name) along
with runtime overrides.
Options:
	:runtime - the Snodo.Server.Runtime given to every transport.
Required.
	:transports - the transport children. Defaults to []. Each entry
is a module, started as {module, runtime: runtime}; a
{module, opts} tuple, started with :runtime added to opts unless
already present; or a child spec map, used as given.
	:name - a name to register the supervisor under.


  


        

      


  

    
Snodo.Tool behaviour
    



      
Behaviour and compile-time convenience DSL for MCP tools.
The DSL emits ordinary module functions, and schemas remain unmodified Elixir
maps representing JSON Schema documents.
Failure has two shapes, and they are not interchangeable
call/2 can fail in two ways, and they reach the client differently:
# The call succeeded; the tool is reporting a bad outcome.
# tools/call returns a result with isError: true.
{:ok, Snodo.Result.error("hex.pm returned 503")}

# The request itself was wrong or could not be attempted.
# The JSON-RPC request fails with an error object and no result.
{:error, Snodo.Error.invalid_params("version must be a semantic version")}
The first is for anything the tool understands: an upstream service failing,
a lookup finding nothing, a domain precondition being rejected. A client
sees a normal response it can show a model, and one failing tool does not
look like a broken server.
The second escalates to the protocol. Reserve it for a request that should
never have been dispatched.
Arguments that are missing from the schema's required list, or that the
installed validator rejects, never reach call/2. The router answers with
an isError result naming the problem, as the 2026-07-28 tools
specification asks, so a model can correct its call.
For compatibility, {:error, reason} without an Snodo.Error is normalized
into a tool error result. Prefer an explicit Snodo.Result.error/2 for domain
outcomes and a typed Snodo.Error when the JSON-RPC request must fail.
Schemas are advertised, and required arguments are enforced
input_schema/1 is published verbatim in tools/list. The router enforces
its required list before dispatch, so a handler may pattern match on those
keys; a call missing one gets an isError result. Every other keyword is advertised but only enforced when the runtime
installs a Snodo.Schema.Validator; the default is pass-through. See
Snodo.Schema.Validator.Basic for the bundled common subset.
A property may carry "x-mcp-header": "Name" to be mirrored into an
Mcp-Param-Name header over Streamable HTTP. The annotation is checked when
the tool compiles: see the Components guide for the rules.
A tool may also declare :title, :icons, and :metadata in use Snodo.Tool
or with title/1, icons/1, and metadata/1. Icons use the same shape as
resource and prompt icons. :metadata becomes _meta in tools/list.
Direct implementations may omit these callbacks; the defaults are nil,
[], and %{}.
use Snodo.Tool also accepts wrap:, a list of Snodo.Component.Wrap
modules or {module, options} tuples. The wrappers run inside call/2
after router checks.
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        annotations()

      


    


    
      
        call(map, t)

      


    


    
      
        description()

      


    


    
      
        icons()

      


    


    
      
        input_schema()

      


    


    
      
        metadata()

      


    


    
      
        name()

      


    


    
      
        output_schema()

      


    


    
      
        title()

      


    





  
    Functions
  


    
      
        annotations(value)

      


        Sets the tool annotations map that annotations/0 returns, for example
%{"readOnlyHint" => true}.



    


    
      
        definition(tool)

      


        Returns the protocol-neutral definition for a tool module.



    


    
      
        description(value)

      


        Sets the description that description/0 returns, replacing the
:description option given to use Snodo.Tool.



    


    
      
        icons(value)

      


        Sets the icon list returned by icons/0. Each icon requires an absolute URI "src".



    


    
      
        input_schema(value)

      


        Sets the input JSON Schema that input_schema/0 returns.



    


    
      
        metadata(value)

      


        Sets the protocol _meta map returned by metadata/0.



    


    
      
        output_schema(value)

      


        Sets the output JSON Schema that output_schema/0 returns.



    


    
      
        title(value)

      


        Sets the optional human-readable title returned by title/0.
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      annotations()



        
          
        

    

  


  

      

          @callback annotations() :: map()


      



  



  
    
      
    
    
      call(map, t)



        
          
        

    

  


  

      

          @callback call(map(), Snodo.Context.t()) ::
  {:ok, Snodo.Result.t() | term()} | {:error, Snodo.Error.t() | term()}


      



  



  
    
      
    
    
      description()



        
          
        

    

  


  

      

          @callback description() :: String.t() | nil


      



  



  
    
      
    
    
      icons()


        (optional)


        
          
        

    

  


  

      

          @callback icons() :: [map()]
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          @callback input_schema() :: map()


      



  



  
    
      
    
    
      metadata()


        (optional)


        
          
        

    

  


  

      

          @callback metadata() :: map()


      



  



  
    
      
    
    
      name()



        
          
        

    

  


  

      

          @callback name() :: String.t()
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          @callback output_schema() :: map() | nil


      



  



  
    
      
    
    
      title()


        (optional)


        
          
        

    

  


  

      

          @callback title() :: String.t() | nil
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      annotations(value)


        (macro)


        
          
        

    

  


  

Sets the tool annotations map that annotations/0 returns, for example
%{"readOnlyHint" => true}.
The value must be a map of JSON values; otherwise the module does not
compile. Defaults to %{}.
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          @spec definition(module()) :: Snodo.Tool.Definition.t()


      


Returns the protocol-neutral definition for a tool module.

  



  
    
      
    
    
      description(value)


        (macro)


        
          
        

    

  


  

Sets the description that description/0 returns, replacing the
:description option given to use Snodo.Tool.
The value must be a string or nil; the router checks it on registration.

  



  
    
      
    
    
      icons(value)


        (macro)


        
          
        

    

  


  

Sets the icon list returned by icons/0. Each icon requires an absolute URI "src".

  



  
    
      
    
    
      input_schema(value)


        (macro)


        
          
        

    

  


  

Sets the input JSON Schema that input_schema/0 returns.
The value must be a map of JSON values with "type" => "object" at the
root, and any x-mcp-header annotations must be valid; otherwise the module
does not compile. Defaults to %{"type" => "object"}.

  



  
    
      
    
    
      metadata(value)


        (macro)


        
          
        

    

  


  

Sets the protocol _meta map returned by metadata/0.

  



  
    
      
    
    
      output_schema(value)


        (macro)


        
          
        

    

  


  

Sets the output JSON Schema that output_schema/0 returns.
The value must be nil (the default) or a JSON Schema map; otherwise the
module does not compile. When a schema is set, a call must return
structured content (Snodo.Result.structured/2, a non-binary value, or a
Snodo.Result.raw/1 map with "structuredContent") unless it returns
Snodo.Result.error/2 or Snodo.Result.input_required/1. The runtime's
schema validator checks that content. Any other result fails the request
with a -32603 error.

  



  
    
      
    
    
      title(value)


        (macro)


        
          
        

    

  


  

Sets the optional human-readable title returned by title/0.

  


        

      


  

    
Snodo.Tool.Definition 
    



      
Protocol-neutral static definition of an application tool.
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          @type t() :: %Snodo.Tool.Definition{
  annotations: map(),
  description: String.t() | nil,
  icons: [map()],
  input_schema: map(),
  metadata: map(),
  name: String.t(),
  output_schema: map() | nil,
  title: String.t() | nil
}


      



  


        

      


  

    
Snodo.Tool.GenServer 
    



      
Generates MCP tools for explicitly declared GenServer calls and casts.
Import genserver_call/2 and genserver_cast/2 into a Snodo.Server module.
Each declaration generates an ordinary Snodo.Tool module and registers it
through the server DSL. The target is a fixed, registered module name; MCP
clients cannot choose a process, message, or Elixir term.
defmodule CounterServer do
  use Snodo.Server, name: "counter", version: "1.0.0"
  import Snodo.Tool.GenServer

  genserver_call "counter_get",
    target: Counter,
    input_schema: %{"type" => "object", "additionalProperties" => false},
    message: :get,
    encode_reply: fn count -> %{"value" => count} end
end
:message may be a fixed term or a one-argument function receiving the
validated string-keyed input map. Calls require :encode_reply, a one-argument
function that returns a JSON object. :timeout defaults to 5,000 milliseconds
and must be a positive integer. Failed validation, message construction,
unavailable targets, timeouts, and non-JSON replies become tool error results.
Input schemas may use the assertions enforced by
Snodo.Schema.Validator.Basic and the annotations title, description,
default, and x-mcp-header. Unsupported keywords fail compilation so a
declaration cannot advertise a constraint that this adapter ignores.
A cast result means only that GenServer.cast/2 accepted the message for
sending. An absent target is reported as a tool error, but the target can
stop after the availability check. A successful cast does not establish
that the target received or processed it.
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        genserver_call(name, opts)

      


        Defines and registers a tool that sends a bounded GenServer.call/3.



    


    
      
        genserver_cast(name, opts)

      


        Defines and registers a tool that sends GenServer.cast/2.
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      genserver_call(name, opts)


        (macro)


        
          
        

    

  


  

Defines and registers a tool that sends a bounded GenServer.call/3.

  



  
    
      
    
    
      genserver_cast(name, opts)


        (macro)


        
          
        

    

  


  

Defines and registers a tool that sends GenServer.cast/2.

  


        

      


  

    
Snodo.Tool.Simple 
    



      
Opt-in argument DSL for tools with straightforward object input schemas.
Snodo.Tool.Simple builds the same raw JSON Schema returned by Snodo.Tool and
leaves call/2 untouched. Argument maps therefore retain protocol-native
string keys, and simple tools register in Snodo.Router exactly like raw tools.
defmodule Search do
  use Snodo.Tool.Simple,
    name: "search",
    description: "Search packages",
    additional_properties: false

  argument("query", :string, required: true, min_length: 1)
  argument("page", :integer, minimum: 1)
  argument("sort", :string, enum: ["name", "downloads"])
  argument("tags", {:array, :string}, unique_items: true)

  @impl true
  def call(%{"query" => query} = arguments, _context) do
    {:ok, Snodo.Result.text("searching for #{query} on page #{arguments["page"] || 1}")}
  end
end
An argument type may be one of the JSON primitive atoms, {:array, type}, or
a raw property-schema map. The :schema option merges arbitrary JSON Schema
keywords into a generated property, providing a local escape hatch without
abandoning the concise form. The raw Snodo.Tool DSL remains available when
the input root itself needs complete hand-authored control.
An :object or {:array, :object} argument may take a do block of
further argument declarations, which become the properties of that object
or of each array item. output_schema/1 with a do block builds the output
schema from the same declarations:
defmodule Order do
  use Snodo.Tool.Simple, name: "order", description: "Place an order"

  argument "customer", :object, required: true do
    argument "id", :string, required: true
    argument "email", :string
  end

  argument "lines", {:array, :object}, required: true, min_items: 1 do
    argument "sku", :string, required: true
    argument "quantity", :integer, required: true, minimum: 1
  end

  output_schema do
    argument "order_id", :string, required: true
    argument "total", :number, required: true
  end

  @impl true
  def call(_arguments, _context) do
    {:ok, Snodo.Result.structured(%{"order_id" => "o-1", "total" => 12.5})}
  end
end
Both compile to plain JSON Schema maps, the same ones Snodo.Tool.input_schema/1
and Snodo.Tool.output_schema/1 accept.
The :title, :icons, and :metadata options set the corresponding
Snodo.Tool definition fields. They are validated when the module compiles.
:wrap applies Snodo.Component.Wrap modules around call/2.
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        argument(name, type, opts \\ [])

      


        Declares one property of the tool's input schema.



    


    
      
        output_schema(value)

      


        Sets the tool's output schema, either from a JSON Schema map or from a
do block of argument declarations.
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      argument(name, type, opts \\ [])


        (macro)


        
          
        

    

  


  

Declares one property of the tool's input schema.
name is the property name as a string. type is a JSON type atom
(:string, :integer, :number, :boolean, :array, :object, or
:null), {:array, type} for an array whose "items" has that type, or a
raw property-schema map.
Options:
	:required - when true, adds name to the schema's "required"
list. Defaults to false.
	:description, :default, :enum, :pattern - set the JSON Schema
keyword of the same name.
	:min_length, :max_length, :min_items, :max_items, :minimum,
:maximum, :exclusive_minimum, :exclusive_maximum, :unique_items -
set the camel-case JSON Schema keyword, such as "minLength".
	:schema - a map of other JSON Schema keywords, merged into the
property last, so it overrides the generated keys.

Nested objects
When type is :object or {:array, :object}, a do block may follow.
Each argument inside it declares a property of that object, or of the
object in "items" for an array, and may itself take a block. :required
inside the block adds the name to the nested object's "required" list.
A block argument also accepts :additional_properties, a boolean or schema
map set as the nested object's "additionalProperties". The other options,
including :schema, apply to the property itself, so for an array they sit
beside "items".
argument "filters", {:array, :object}, min_items: 1, additional_properties: false do
  argument "field", :string, required: true
  argument "value", :string
end
A block argument's :schema cannot set the keys the block generates:
"properties" and "required" for :object, and "items" for
{:array, :object}.
An empty or repeated name, an unknown or repeated option, an option value
of the wrong type, or a block on any other type is a compile error.
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        (macro)


        
          
        

    

  


  

Sets the tool's output schema, either from a JSON Schema map or from a
do block of argument declarations.
With a map, this is Snodo.Tool.output_schema/1:
output_schema(%{"type" => "object", "properties" => %{"version" => %{"type" => "string"}}})
With a block, the declarations take the same forms as the input schema,
including nested blocks, and produce an object schema:
output_schema do
  argument "version", :string, required: true
  argument "published_at", :string
end
:additional_properties and :schema apply to the output root as the
matching use Snodo.Tool.Simple options apply to the input root. They go in
the same keyword list as the block:
output_schema(
  additional_properties: false,
  do:
    (
      argument("version", :string, required: true)
      argument("published_at", :string)
    )
)
With an output schema, call/2 must return structured content; see
Snodo.Tool.output_schema/1. Declaring the output schema a second time
when either declaration is a block, or declaring it inside an argument
block, is a compile error.

  


        

      


  

    
Snodo.Client 
    



      
A client for MCP servers.
direct/2 dispatches to a runtime in the calling process. connect/2 opens
a stdio subprocess or a Streamable HTTP endpoint:
{:ok, client} = Snodo.Client.direct(EchoServer.runtime())
{:ok, client} = Snodo.Client.connect({:stdio, "elixir", ["echo_server.exs"]})
{:ok, client} = Snodo.Client.connect({:http, "http://127.0.0.1:4000/mcp"})

{:ok, [%{"name" => "echo"}]} = Snodo.Client.list_tools(client)

{:ok, result} = Snodo.Client.call_tool(client, "echo", %{"text" => "hello"})
result["content"]
#=> [%{"type" => "text", "text" => "hello"}]
The client builds each request, including the metadata the selected protocol
dialect requires, and decodes the response into one of:
	{:ok, result}: the JSON-RPC result object as the server sent it, with
string keys. A tools/call result with "isError" => true is a
successful response and arrives here.
	{:input_required, result}: a multi round-trip request. Call again with
input_responses: and, when the result carries a "requestState",
request_state:. See the interactive operations guide.
	{:error, %Snodo.Error{}}: a JSON-RPC error or a transport failure. For a
JSON-RPC error, code, message, and data are the server's, and
kind is derived from the code: -32700 and -32600 are :json_rpc,
-32601 and -32602 are :protocol, -32603 is :execution, and any other
code is :protocol. Transport failures have kind: :transport: -32000
when the connection is closed, unreachable, returns something that is
not a JSON-RPC response, or returns a response over the transport's size
limit, and -32001 when a request times out.

Each request takes a fresh integer ID, so one client can be used from many
processes at once.
The client speaks the protocol versions the server serves: the stateless
2026-07-28, and the initialize-era 2025-11-25 and 2025-06-18.
connect/2 settles the version before it returns: it probes with
server/discover, and a server that does not answer as a 2026-07-28 server
gets initialize with the highest initialize-era version instead. The
:protocol option pins one version or narrows the list. On an
initialize-era connection session holds what initialize returned, and
the requests the server sends to the client (elicitation/create,
sampling/createMessage, roots/list) are answered by the same
:input_handlers that answer 2026-07-28 input requests.
Pass progress: to a request to receive the server's progress
notifications for it while it runs:
Snodo.Client.call_tool(client, "index", %{}, progress: fn params ->
  IO.puts("#{params["progress"]} of #{params["total"]}")
end)
Install input_handlers: to answer a server's input requests inside the
call instead of receiving {:input_required, result}: form and URL
elicitation, and the deprecated sampling and roots requests:
{:ok, client} =
  Snodo.Client.connect({:http, url},
    input_handlers: %{form: &MyUI.form/1, url: &MyUI.url/1, sampling: &MyModel.sample/1}
  )
Open a subscriptions/listen stream with listen/3 to receive change
notifications as messages, or as a stream:
{:ok, subscription} =
  Snodo.Client.listen(client, %{"resourceSubscriptions" => ["file:///notes.md"]})

subscription
|> Snodo.Client.Subscription.stream()
|> Enum.each(fn
  {:notification, "notifications/resources/updated", %{"uri" => uri}} -> IO.puts(uri)
  other -> IO.inspect(other)
end)

      


      
        Summary


  
    Types
  


    
      
        input_handler()

      


        Answers one input request. Receives the request's params map and returns
the response the server expects, or the reason the request was not answered.



    


    
      
        input_handlers()

      


        The :input_handlers option: at most one handler per kind.



    


    
      
        input_kind()

      


        A kind of input request a handler answers: one of the two elicitation modes,
or one of the sampling and roots requests SEP-2577 deprecates.



    


    
      
        list_kind()

      


    


    
      
        response()

      


    


    
      
        t()

      


    


    
      
        target()

      


    





  
    Functions
  


    
      
        call_tool(client, tool, arguments \\ %{}, opts \\ [])

      


        Calls a tool, by name or with its definition from list_tools/1.



    


    
      
        close(client)

      


        Closes the client's connection. Closing an in-process client does nothing.



    


    
      
        connect(target, opts \\ [])

      


        Connects to a server in another process or on the network.



    


    
      
        direct(runtime, opts \\ [])

      


        Builds a client that dispatches to runtime in the calling process.



    


    
      
        discover(client, opts \\ [])

      


        Requests server/discover.



    


    
      
        get_prompt(client, name, arguments \\ %{}, opts \\ [])

      


        Gets a rendered prompt. Options are those of request/4.



    


    
      
        list_page(client, kind, cursor \\ nil, opts \\ [])

      


        Requests one page of a list operation.



    


    
      
        list_prompts(client, opts \\ [])

      


        Lists every prompt, following nextCursor until the last page.



    


    
      
        list_resource_templates(client, opts \\ [])

      


        Lists every resource template, following nextCursor until the last page.



    


    
      
        list_resources(client, opts \\ [])

      


        Lists every direct resource, following nextCursor until the last page.



    


    
      
        list_tools(client, opts \\ [])

      


        Lists every tool, following nextCursor to the last page.



    


    
      
        listen(client, notifications, opts \\ [])

      


        Opens a subscriptions/listen stream and returns its handle.



    


    
      
        ping(client)

      


        Requests ping, which the initialize-era versions define; the server
answers with an empty result. 2026-07-28 does not define it, and a server
of that version answers -32601.



    


    
      
        read_resource(client, uri, opts \\ [])

      


        Reads a resource by exact URI. Options are those of request/4.



    


    
      
        request(client, method, params \\ %{}, opts \\ [])

      


        Sends any request method with the given params.
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      input_handler()



        
          
        

    

  


  

      

          @type input_handler() :: (map() -> {:ok, map()} | {:error, term()})


      


Answers one input request. Receives the request's params map and returns
the response the server expects, or the reason the request was not answered.

  



  
    
      
    
    
      input_handlers()



        
          
        

    

  


  

      

          @type input_handlers() :: %{optional(input_kind()) => input_handler()}


      


The :input_handlers option: at most one handler per kind.

  



  
    
      
    
    
      input_kind()



        
          
        

    

  


  

      

          @type input_kind() :: :form | :url | :sampling | :roots


      


A kind of input request a handler answers: one of the two elicitation modes,
or one of the sampling and roots requests SEP-2577 deprecates.

  



  
    
      
    
    
      list_kind()



        
          
        

    

  


  

      

          @type list_kind() :: :tools | :resources | :resource_templates | :prompts


      



  



  
    
      
    
    
      response()



        
          
        

    

  


  

      

          @type response() ::
  {:ok, map()} | {:input_required, map()} | {:error, Snodo.Error.t()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Client{
  cache: boolean(),
  cache_namespace: term(),
  cache_variant: term(),
  client_capabilities: map(),
  client_info: map(),
  dialect: module(),
  input_handlers: input_handlers(),
  max_input_rounds: pos_integer(),
  max_pages: pos_integer(),
  probe_timeout: timeout(),
  protocol: String.t(),
  session: Snodo.Client.Session.t() | nil,
  timeout: timeout(),
  transport: {module(), Snodo.Client.Transport.state()}
}


      



  



  
    
      
    
    
      target()



        
          
        

    

  


  

      

          @type target() ::
  {:stdio, String.t(), [String.t()]} | {:http, String.t()} | {module(), term()}


      



  


        

      

      
        Functions


        


    

    

  
    
      
    
    
      call_tool(client, tool, arguments \\ %{}, opts \\ [])



        
          
        

    

  


  

      

          @spec call_tool(t(), String.t() | map(), map(), keyword()) :: response()


      


Calls a tool, by name or with its definition from list_tools/1.
Options are those of request/4. A result with "isError" => true is
returned as {:ok, result}: the tool ran and reported its own failure.
Over HTTP, arguments whose input schema property carries x-mcp-header
are also sent as Mcp-Param-* headers, which needs the tool's
inputSchema. Pass the definition map to send them on the first request.
Called by name, a tool that requires them is refused with -32020; the
client then lists the tools and retries once with the definition.

  



  
    
      
    
    
      close(client)



        
          
        

    

  


  

      

          @spec close(t()) :: :ok


      


Closes the client's connection. Closing an in-process client does nothing.
When the server issued a session id, the transport is told to end the
session first: over HTTP that is a DELETE with Mcp-Session-Id. Its
outcome is not reported, so close/1 waits for it for at most 5,000 ms,
or the client's :timeout when that is shorter.

  



    

  
    
      
    
    
      connect(target, opts \\ [])



        
          
        

    

  


  

      

          @spec connect(target(), keyword()) :: {:ok, t()} | {:error, Snodo.Error.t()}


      


Connects to a server in another process or on the network.
Targets:
	{:stdio, command, args} - runs command and speaks newline-delimited
JSON-RPC over its stdin and stdout. See Snodo.Client.Stdio for :env,
:cd, :max_line_bytes, and :max_server_requests. The connection
closes when the calling process exits.
	{:http, url} - posts each request to a Streamable HTTP endpoint. See
Snodo.Client.HTTP for :headers, :token_provider (a
Snodo.Client.TokenProvider that supplies and refreshes the bearer
token), :ssl, :connect_timeout, :max_response_bytes, and connection
pool limits.
	{module, init_arg} - any Snodo.Client.Transport.

Options for every target:
	:protocol - a protocol version, or a list of versions to allow.
Defaults to every version the client speaks. See below.
	:probe_timeout - milliseconds to wait for the answer to the
server/discover probe, 10,000 unless set.
	:client_capabilities, :client_info, :max_pages,
:input_handlers, :max_input_rounds, and :cache - as for direct/2.
	:timeout - the default request timeout in milliseconds, 30,000 unless
set. Each request can override it with timeout:.

The version is settled before connect/2 returns. When the allowed list
holds both a stateless-era and an initialize-era version, as it does by
default, the client sends server/discover under :probe_timeout. A result
with supportedVersions is a 2026-07-28 server's answer, and the highest
allowed version the server lists is used. Any other answer, whatever the
error code or the shape, means the server does not speak a stateless
version: the client closes and reopens the transport, which on stdio starts
the server again because the probe may already have been processed under
the older lifecycle rules, and sends initialize with the highest allowed
initialize-era version. A pin, or a list from one era, skips the probe: a
stateless pin sends nothing at connect time, and an initialize-era pin sends
initialize at once.
initialize carries :client_capabilities and :client_info. The server's
protocolVersion must be one the client allows, or the client closes the
connection and returns -32602 with negotiated and requested in data.
After notifications/initialized the client's session is a
Snodo.Client.Session; a transport without notify/3 cannot open such a
connection. Over HTTP every later request carries MCP-Protocol-Version
and, when the server issued one, Mcp-Session-Id, and close/1 sends a
DELETE for the session. A server that supports none of the allowed
versions is a -32602 error with requested and supported in data.

  



    

  
    
      
    
    
      direct(runtime, opts \\ [])



        
          
        

    

  


  

      

          @spec direct(Snodo.Server.Runtime.t(), keyword()) ::
  {:ok, t()} | {:error, Snodo.Error.t()}


      


Builds a client that dispatches to runtime in the calling process.
Options:
	:protocol - a protocol version to speak, or a list of versions to
allow. Defaults to every version the client speaks: 2026-07-28,
2025-11-25, and 2025-06-18. The highest allowed version the runtime
enables is used; a version the client does not speak, or a choice the
runtime does not enable, is a -32602 error. An initialize-era version is
negotiated with initialize through the runtime, and the result is in
the client's session.
	:client_capabilities - the capabilities sent with every request, for
example %{"elicitation" => %{"form" => %{}}}. Defaults to %{}. The
capabilities the installed :input_handlers imply are added to it.
	:input_handlers - functions that answer the input requests a server
embeds in an input_required result, as a map from request kind to a
function of one argument. A handler receives the request's params
map and returns {:ok, response}, where response is the result the
kind expects, or {:error, reason}. The kinds:	:form and :url, the two elicitation modes. params carries
"mode", "message", and "requestedSchema" or "url"; the
response is the elicitation result ("action" of "accept",
"decline", or "cancel", with "content" for an accepted
form). Each adds its mode under the "elicitation" capability.
	:sampling, the sampling/createMessage request SEP-2577
deprecates. params carries "messages" and "maxTokens" and
may carry the other CreateMessageRequestParams fields; the
response is a CreateMessageResult, checked with
Snodo.Sampling.valid_response?/1. Adds "sampling" => %{}; a
handler that accepts "tools" or an "includeContext" other
than "none" declares "tools" or "context" under it in
:client_capabilities.
	:roots, the roots/list request SEP-2577 deprecates. params
is %{} unless the server sent "_meta"; the response is a
ListRootsResult, checked with Snodo.Roots.valid_response?/1.
Adds "roots" => %{"listChanged" => false}.
Defaults to %{}, which leaves input_required results to the
caller. See request/4 for the retry loop.


	:max_input_rounds - the most input_required results the client
answers for one call before failing it. Defaults to 10.
	:client_info - the Implementation sent as
io.modelcontextprotocol/clientInfo with every request: a map with
string "name" and "version" and, optionally, "title",
"description", "websiteUrl", and "icons". Defaults to
%{"name" => "snodo", "version" => <this library's version>}.
	:auth - the value handlers and authorization policies read as
context.auth, as a transport would supply it after authenticating.
	:max_pages - the most pages list_tools/1 and the other list
functions request before returning an error. Defaults to 1,000.
	:cache - opt in to caching complete discovery, list, and resource-read
results according to their ttlMs and cacheScope hints. Defaults to
false. The shared cache holds at most 256 results and 16 MiB.


  



    

  
    
      
    
    
      discover(client, opts \\ [])



        
          
        

    

  


  

      

          @spec discover(t(), keyword()) :: response()


      


Requests server/discover.
The initialize-era versions do not define it, so on such a connection the
request is refused with -32601; the server's capabilities and instructions
are in the client's session.

  



    

    

  
    
      
    
    
      get_prompt(client, name, arguments \\ %{}, opts \\ [])



        
          
        

    

  


  

      

          @spec get_prompt(t(), String.t(), map(), keyword()) :: response()


      


Gets a rendered prompt. Options are those of request/4.

  



    

    

  
    
      
    
    
      list_page(client, kind, cursor \\ nil, opts \\ [])



        
          
        

    

  


  

      

          @spec list_page(t(), list_kind(), String.t() | nil, keyword()) ::
  {:ok, Snodo.Client.Page.t()} | {:error, Snodo.Error.t()}


      


Requests one page of a list operation.
kind is one of :tools, :resources, :resource_templates, or
:prompts. Pass the previous page's next_cursor to continue.

  



    

  
    
      
    
    
      list_prompts(client, opts \\ [])



        
          
        

    

  


  

      

          @spec list_prompts(t(), keyword()) :: {:ok, [map()]} | {:error, Snodo.Error.t()}


      


Lists every prompt, following nextCursor until the last page.

  



    

  
    
      
    
    
      list_resource_templates(client, opts \\ [])



        
          
        

    

  


  

      

          @spec list_resource_templates(t(), keyword()) ::
  {:ok, [map()]} | {:error, Snodo.Error.t()}


      


Lists every resource template, following nextCursor until the last page.

  



    

  
    
      
    
    
      list_resources(client, opts \\ [])



        
          
        

    

  


  

      

          @spec list_resources(t(), keyword()) :: {:ok, [map()]} | {:error, Snodo.Error.t()}


      


Lists every direct resource, following nextCursor until the last page.

  



    

  
    
      
    
    
      list_tools(client, opts \\ [])



        
          
        

    

  


  

      

          @spec list_tools(t(), keyword()) :: {:ok, [map()]} | {:error, Snodo.Error.t()}


      


Lists every tool, following nextCursor to the last page.
The list functions return a -32000 transport error when the server repeats a
cursor, or when the last of the client's :max_pages pages still has a
nextCursor.
Over HTTP, a tool whose input schema has an invalid x-mcp-header
annotation is left out and a warning is logged, as 2026-07-28 requires.

  



    

  
    
      
    
    
      listen(client, notifications, opts \\ [])



        
          
        

    

  


  

      

          @spec listen(t(), map(), keyword()) ::
  {:ok, Snodo.Client.Subscription.t()} | {:error, Snodo.Error.t()}


      


Opens a subscriptions/listen stream and returns its handle.
notifications is the requested filter, sent as params["notifications"]
as given: the core keys "toolsListChanged", "promptsListChanged",
"resourcesListChanged", and "resourceSubscriptions" (a list of URIs),
and any key a negotiated extension defines, such as the Tasks extension's
"taskIds". The server validates it and answers -32602 for an invalid one.
Returns {:ok, subscription} once the server's
notifications/subscriptions/acknowledged arrives; subscription.accepted
is the filter the server agreed to, which may be a subset of the request.
Returns {:error, %Snodo.Error{}} for a JSON-RPC error response (for
example -32601 from a server without a subscription source), for a stream
the server ends before acknowledging it, and for a transport failure; -32001
when no acknowledgement arrives within :timeout.
The calling process owns the subscription: events reach it as
{:snodo_subscription, ref, payload} messages once it asks for them with
Snodo.Client.Subscription.demand/2, next/2, or stream/1, and the
stream is cancelled when it exits. See Snodo.Client.Subscription for the
payloads and the buffer.
Options:
	:max_buffer - the most events held for the owner before the overflow
policy applies. Defaults to 100.
	:overflow - :drop_oldest (the default) or :drop_newest.
	:timeout - overrides the client's request timeout for the wait for
the acknowledgement. A direct client has no timeout.
	:meta - extra _meta entries, as for request/4.
	:trace_context - W3C trace fields, as for request/4.

Raises ArgumentError for a custom transport without listen/3.

  



  
    
      
    
    
      ping(client)



        
          
        

    

  


  

      

          @spec ping(t()) :: response()


      


Requests ping, which the initialize-era versions define; the server
answers with an empty result. 2026-07-28 does not define it, and a server
of that version answers -32601.

  



    

  
    
      
    
    
      read_resource(client, uri, opts \\ [])



        
          
        

    

  


  

      

          @spec read_resource(t(), String.t(), keyword()) :: response()


      


Reads a resource by exact URI. Options are those of request/4.

  



    

    

  
    
      
    
    
      request(client, method, params \\ %{}, opts \\ [])



        
          
        

    

  


  

      

          @spec request(t(), String.t(), map(), keyword()) :: response()


      


Sends any request method with the given params.
Use it for methods without a dedicated function, such as
completion/complete or a negotiated extension's methods. The dialect's
request metadata is merged under params["_meta"]; keys already present in
params["_meta"] win.
Options:
	:input_responses - answers to a previous {:input_required, result},
keyed by the IDs in its "inputRequests". Sent as inputResponses.
	:request_state - the "requestState" of a previous
{:input_required, result}. Sent as requestState.
	:meta - extra _meta entries. These win over the dialect's metadata
and over params["_meta"].
	:trace_context - a map with a valid W3C "traceparent" and optional
"tracestate". These keys are sent in _meta and win over :meta.
	:progress - a function of one argument, or a pid, to receive the
server's progress notifications for this request. The client sends the
request ID as _meta.progressToken; a "progressToken" in :meta or
params["_meta"] alongside :progress raises ArgumentError. A
function is called in the calling process with each notification's
params map ("progressToken", "progress", and, when the server sent
them, "total" and "message") before the request returns. A pid is
sent {:snodo_progress, params}.
	:reset_timeout_on_progress - when true, each progress notification
restarts :timeout. Defaults to false. Has no effect without
:progress, or on a direct client, which has no timeout.
	:max_total_timeout - with :reset_timeout_on_progress, the most
milliseconds a request may run, counted from when it was sent. Defaults
to 600,000. A request stopped by this limit returns -32001 with the
message "Maximum total timeout exceeded" and
data: %{"maxTotalTimeoutMs" => limit}.
	:timeout - overrides the client's request timeout.
	:extension - an extension module that owns this request method. Over
HTTP its transport_policy/2 supplies routing headers for the exact
protocol version. Other transports do not need the policy.
	:answer_input - when false, an input_required result is returned
as {:input_required, result} even though the client has
:input_handlers. Defaults to true.
	:max_input_rounds - overrides the client's round limit for this
request.
	:bypass_cache - when true, sends an eligible discovery, list, or
resource-read request even if a cached result is available, and does not
store its response. Defaults to false.

With :input_handlers installed, an input_required result is answered
in the calling process. Every entry of "inputRequests" is first matched
to the handler for its kind and checked for the params that kind
documents; only when all of them pass do the handlers run, one request at
a time in the sort order of the request IDs (strings, so "10" sorts
before "2"). The request is then sent again, on a fresh ID, with the
responses as inputResponses and the result's "requestState"
unchanged. That repeats until the server returns a complete result or
:max_input_rounds results have been answered. A result that carries only
a "requestState" is sent again with it after 250 milliseconds and counts
as a round. Each round has its own :timeout, and :progress is delivered
for every round. The loop stops with an error whose cause ends with the
last input_required result, so the caller can finish the flow by hand:
	-32602 (kind: :protocol, cause: {:no_input_handler, kind, result})
for a request of a kind with no handler; kind is the method string
for a method the client does not know, and nil for an entry without
one. No handler has run.
	-32603 (kind: :execution, cause: {:input_handler, id, reason, result})
when a handler returned {:error, reason}, a value other than
{:ok, response} (reason is {:invalid_return, value}), or a
response that is not valid for its kind ({:invalid_response, response}): an elicitation result without a valid "action", a
sampling result that is not a CreateMessageResult, or a roots
result that is not a ListRootsResult. An exception raised by a
handler propagates to the caller.
	-32000 (kind: :transport, data: %{"maxInputRounds" => limit},
cause: {:max_input_rounds, result}) at the round limit.
	-32000 (kind: :transport, cause: result) for a malformed result: one
with nothing to answer and no "requestState", or an input request
whose params is not an object or lacks the keys of its kind
("message" and "requestedSchema" for a form, "message" and
"url" for a URL, "messages" and "maxTokens" for sampling; a
roots request may leave params out). No handler has run.

On an initialize-era connection a method the negotiated dialect's catalog
does not define as a client request is refused with -32601 before anything
is sent. On 2026-07-28 a method the catalog lists only as a server request
or a notification is refused the same way, and a method the catalog does
not list is sent as it is, because negotiated extensions add methods the
core catalog does not carry.
subscriptions/listen raises ArgumentError: its response is a stream,
which listen/3 opens.

  


        

      


  

    
Snodo.Client.Challenge 
    



      
One authentication challenge from a WWW-Authenticate response header.
A 401 or 403 from an MCP server over HTTP carries the challenge that tells
a client how to authorize (RFC 9110 section 11.6.1, RFC 6750 section 3, and
the MCP authorization specification):
WWW-Authenticate: Bearer resource_metadata="https://mcp.example.com/.well-known/oauth-protected-resource/mcp", scope="mcp:read"
WWW-Authenticate: Bearer error="insufficient_scope", scope="mcp:write"
parse/1 reads every challenge in one header value. select/1 picks the
challenge a token provider acts on from a response's headers. The struct
keeps every parameter in params, keyed by lowercase name, and lifts the
ones the MCP flow reads:
	resource_metadata - the URL of the protected resource metadata
document (RFC 9728).
	scope - the scopes the server asks for, split on spaces.
	error and error_description - the RFC 6750 error, for example
"invalid_token" or "insufficient_scope".

A header longer than 8 KiB, or one that does not follow the grammar, parses
as no challenges. A parameter that appears twice keeps its first value. A
challenge that carries a token68 credential instead of parameters, such as
Negotiate abc==, has empty params, and the challenges after it are
still read.
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        parse(header)

      


        Parses one WWW-Authenticate header value into its challenges, in order.



    


    
      
        select(headers)

      


        Picks the challenge to act on from a response's {name, value} headers.
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          @type t() :: %Snodo.Client.Challenge{
  error: String.t() | nil,
  error_description: String.t() | nil,
  params: %{optional(String.t()) => String.t()},
  resource_metadata: String.t() | nil,
  scheme: String.t(),
  scope: [String.t()]
}
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          @spec parse(String.t()) :: [t()]


      


Parses one WWW-Authenticate header value into its challenges, in order.
Parameter values may be tokens or quoted strings; a quoted string is
unescaped. Schemes and parameter names are lowercased. An empty list means
the header carries no usable challenge.

  



  
    
      
    
    
      select(headers)



        
          
        

    

  


  

      

          @spec select([{String.t(), String.t()}]) :: t() | nil


      


Picks the challenge to act on from a response's {name, value} headers.
Every www-authenticate header (compared without case) is parsed. The
first Bearer challenge wins; without one, the first challenge of any
scheme is returned, so a provider can report that it does not support the
scheme. nil when the response carries no challenge.

  


        

      


  

    
Snodo.Client.Direct 
    



      
In-process transport for Snodo.Client.direct/2.
Each request runs Snodo.Server.dispatch/3 in the calling process with a
:direct transport context, so :timeout does not apply. The context
carries the dialect's version as the mcp-protocol-version request header,
which is how the initialize-era dialects select themselves after
initialize.
A request with progress: runs the dispatch in a linked task instead, with
a progress sink owned by the calling process. The caller acknowledges each
of the handler's Snodo.Progress.report/3 calls after passing the
notification to the progress function, as a server transport does after
writing it.
A subscriptions/listen request opened with Snodo.Client.listen/3 is
dispatched in a process of its own, which then serves the server-side
subscription as a server transport would: it owns the source worker, shapes
each event through Snodo.Subscription, and closes the source when the
stream ends. Closing the subscription closes the source with
{:cancelled, "Closed by the client"}; the owner's exit closes it with
{:disconnected, {:owner_down, reason}}.
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          @type state() :: %{runtime: Snodo.Server.Runtime.t(), auth: term()}


      



  


        

      


  

    
Snodo.Client.HTTP 
    



      
Streamable HTTP transport for Snodo.Client.connect({:http, url}, opts).
Requests use a bounded pool of HTTP/1.1 :gen_tcp or :ssl connections.
Fully read, framed responses can return their connection to the pool;
streams and responses that run until socket close do not. The request
headers come from the protocol dialect's
transport_policy/1. For a request made with extension: Module, the
module's transport_policy/2 adapts that policy for its exact-versioned
method. These are the same declarations the server admits requests against:
the accepted and request media types, and every mirrored header
(for 2026-07-28, MCP-Protocol-Version, Mcp-Method, and Mcp-Name) read
from the request body. A mirrored value that is not plain printable ASCII is
sent in the =?base64?...?= form when the policy allows it. A header value
that contains CR, LF, or NUL is refused with a -32000 transport error, and
so is a request-level :headers entry that names a header the transport
owns (see the :headers option).
The response may be application/json or text/event-stream. An event
stream is read as it arrives, and the transport returns the response whose
ID matches the request as soon as that event is complete. A
notifications/progress event for a request made with progress: is passed
to the progress function when it arrives, and with
reset_timeout_on_progress: true it moves the deadline for the rest of the
response. A request the server sends on the stream, such as
elicitation/create on an initialize-era connection, is answered by the
:on_server_request function in the calling process, and the response is
sent as its own POST before the stream is read further; without that
option such a request is dropped. If that POST fails, refused by the
server or by the connection, the request in flight fails at once with a
-32000 transport error whose cause is that failure. The time the function takes counts
against the request's timeout, which is not extended. Other notifications
are dropped. A JSON-RPC error body is returned whatever the HTTP status, so
Snodo.Client decodes it as {:error, %Snodo.Error{}}. Anything else is a
-32000 transport error with the status and body in cause. A timeout closes
the connection, which the server treats as cancellation.
On an initialize-era connection the client passes MCP-Protocol-Version and
Mcp-Session-Id in :headers, reads Mcp-Session-Id from the initialize
response through :on_response_headers, sends notifications/initialized
with notify/3 (a POST answered with a 2xx and no body), and ends the
session with delete_session/2, a DELETE with the same headers whose
outcome is not reported: a server that does not support client-initiated
termination answers 405.
A subscriptions/listen request opened with Snodo.Client.listen/3 keeps
its event-stream response open in a process of its own, which delivers the
events to the owner (see Snodo.Client.Subscription). The request timeout
bounds the wait for the acknowledgement only. Closing the subscription, or
the owner's exit, closes that connection, which the server treats as
cancellation. :max_response_bytes applies to each event of the stream
rather than to the stream as a whole.
The response is read by this module rather than :httpc, which reads the
body of any status other than 200 and 206 in full before returning it.
:max_response_bytes is checked as the response arrives, whatever its
status: a Content-Length over the limit is refused before the body is read,
a chunked body is refused at the first chunk that would pass it, and a body
that ends when the connection closes is refused at the read that passes it.
For a request, an event stream is one body, so the limit applies to the
whole stream, notifications included; a subscription stream is limited
per event, as described above. The status line and headers are held to the same
limit. Over the limit the connection is closed and the request returns a
-32000 transport error with cause: {:max_response_bytes, limit}.
Options:
	:headers - extra request headers as {name, value} string pairs, for
example [{"authorization", "Bearer " <> token}]. The transport owns
host, content-type, content-length, transfer-encoding, and
connection, and refuses them here; with :token_provider it owns
authorization too.
	:token_provider - {module, state}, a Snodo.Client.TokenProvider
that supplies the bearer token. The transport asks it for a token
before each request, notification, answer to a server request, and
session DELETE, and before opening each subscriptions/listen stream.
After a 401, or a 403 whose WWW-Authenticate challenge is
insufficient_scope, it asks the provider to refresh with the parsed
Snodo.Client.Challenge and sends the request once more. A 401 or
403 on that second attempt is a -32000 transport error with
cause: {:unauthorized, status, challenge}. Without a provider, those
statuses are returned as any other unexpected status. The request
timeout covers each HTTP attempt, not the provider calls before and
between them.
	:ssl - :ssl client options for https URLs. The default verifies the
peer against :public_key.cacerts_get/0 and checks the host name.
	:connect_timeout - milliseconds to establish the connection. Defaults
to the request timeout.
	:max_response_bytes - the largest response to accept, default 16 MiB,
the stdio client's line limit.
	:pool_size - the most simultaneous pooled requests for this client
origin, default 4. Additional requests wait up to their request timeout.
Event streams detach from the pool and use a separate socket.
	:pool_idle_timeout - milliseconds an idle connection may wait for
reuse, default 30,000.
	:pool_max_requests - the most requests sent on one connection before
it is retired, default 100.


      


      
        Summary
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        state()

      


    





  
    Functions
  


    
      
        encode_sentinel(value)

      


        Encodes a mirrored header value with the base64 sentinel when it is not
plain printable ASCII, or when the plain value could be mistaken for one.



    





      


      
        Types


        


  
    
      
    
    
      state()



        
          
        

    

  


  

      

          @type state() :: %{
  url: String.t(),
  scheme: String.t(),
  host: charlist(),
  port: :inet.port_number(),
  authority: String.t(),
  target: String.t(),
  socket_options: [:gen_tcp.connect_option()],
  headers: [{String.t(), String.t()}],
  ssl: keyword(),
  connect_timeout: timeout() | nil,
  max_response_bytes: pos_integer(),
  pool_key: term(),
  pool_size: pos_integer(),
  pool_idle_timeout: pos_integer(),
  pool_max_requests: pos_integer(),
  token_provider: {module(), term()} | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      encode_sentinel(value)



        
          
        

    

  


  

      

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


      


Encodes a mirrored header value with the base64 sentinel when it is not
plain printable ASCII, or when the plain value could be mistaken for one.

  


        

      


  

    
Snodo.Client.Page 
    



      
One page of a list operation returned by Snodo.Client.list_page/3.
items holds the listed definitions exactly as the server sent them.
next_cursor is nil on the last page. result is the whole JSON-RPC
result object, including cache hints and _meta.

      


      
        Summary
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        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Client.Page{
  items: [map()],
  next_cursor: String.t() | nil,
  result: map()
}


      



  


        

      


  

    
Snodo.Client.Session 
    



      
The initialize-era session a Snodo.Client negotiated.
Snodo.Client.connect/2 and Snodo.Client.direct/2 fill it in after a
successful initialize and notifications/initialized on a 2025-11-25 or
2025-06-18 connection. On a 2026-07-28 connection the client's session is
nil: that protocol has no handshake, and Snodo.Client.discover/1 returns
the server's capabilities and instructions instead.
	version - the negotiated protocol version, the same as the client's
protocol.
	id - the Mcp-Session-Id the server issued with the initialize
response, or nil. Over HTTP the client sends it with every later
request and in the DELETE that Snodo.Client.close/1 issues.
	server_info, server_capabilities, instructions - from the
initialize result, as the server sent them.


      


      
        Summary
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        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Client.Session{
  id: String.t() | nil,
  instructions: String.t() | nil,
  server_capabilities: map(),
  server_info: map(),
  version: String.t()
}


      



  


        

      


  

    
Snodo.Client.Stdio 
    



      
Stdio transport for Snodo.Client.connect({:stdio, command, args}, opts).
A process owns a Port running command. It writes one JSON-RPC message per
line to the server's stdin and reads newline-delimited messages from its
stdout. The server's stderr is not captured. Responses are correlated by ID,
so any number of processes can share one client and have requests in flight
at once.
Options:
	:env - extra environment variables, as {name, value} string pairs.
A nil value unsets the variable.
	:cd - the working directory for the command.
	:max_line_bytes - the largest response line to accept, default 16 MiB.
The rest of a longer line is discarded as it arrives, so the request it
answered times out; later responses are unaffected.
	:on_server_request - a function of one argument that answers a
request the server sends to the client, as Snodo.Client.Transport
describes. The connection process runs it in a linked process, one per
request, and writes the response it returns; a function that raises is
answered with -32603. Snodo.Client always supplies it, whatever the
negotiated version. A caller that uses this transport directly without
it gets -32601 for every server-to-client request.
	:max_server_requests - the most server-to-client requests whose
handlers run at once, default 16. A request over the limit is answered
with -32603 without running the handler.

The connection process monitors the process that called connect/2 and
closes when it exits. An exit signal from another process, such as
Process.exit(pid, :shutdown), stops it with that reason. When a request times out, the transport answers the
caller with a -32001 error and sends the server notifications/cancelled for
that request ID. When the server exits, or closes its stdin so that a write
to it fails, requests in flight and later requests fail with -32000.
notify/3 writes a notification and returns once the line is in the port.
When the connection stops, through close/1 or the owner's exit, handlers
still running for server-to-client requests are killed and their answers
are not sent.
A notifications/progress whose token belongs to a request made with
progress: is forwarded to the process waiting on that request, which calls
the progress function; with reset_timeout_on_progress: true the connection
process also restarts the request's timer. Other server notifications are
dropped. If the progress function raises, the request is cancelled on the
server.
A subscriptions/listen request opened with Snodo.Client.listen/3 shares
the connection with ordinary requests. The connection process correlates
the acknowledgement, the events, and the terminal response by the
subscription ID (the request ID, carried in each notification's
_meta["io.modelcontextprotocol/subscriptionId"]), delivers the events to
the owner (see Snodo.Client.Subscription), and monitors the owner. Closing
the subscription, or the owner's exit, sends notifications/cancelled for
the request. When the server exits or closes its stdin, or close/1 stops
the connection, open subscriptions end with a -32000 error.
close/1 closes the server's stdin. An MCP stdio server exits at EOF after
finishing admitted requests; this transport does not signal or kill it.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.
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      child_spec(init_arg)



        
          
        

    

  


  

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

  


        

      


  

    
Snodo.Client.Subscription 
    



      
A subscriptions/listen stream opened with Snodo.Client.listen/3.
The struct is the handle: accepted is the filter the server acknowledged,
id the request ID (the subscription ID on the wire), ref the tag of the
messages the stream sends, owner the process that opened it, and pid the
transport process that receives the stream.
Messages
The owner receives {:snodo_subscription, ref, payload} with one of:
	{:notification, method, params}: one event, as the server sent it.
method is the notification's method, for example
"notifications/resources/updated", "notifications/tools/list_changed",
or an extension's such as "notifications/tasks"; params is its params
map, "_meta" included.
	{:dropped, count}: count events were discarded because the buffer was
full. It is sent just before the next delivered event, in addition to
it, and takes no demand of its own; that event's unit of demand covers
both. A drop happens only while events are queued, so a report always
has an event after it, also when the stream is closing.
	{:closed, reason}: the stream ended. :complete is the server's
terminal result; {:error, %Snodo.Error{}} is its terminal error
response, or a failure of the connection. Nothing follows it.

Demand and the buffer
Events are sent to the owner only while it has asked for them. demand/2
asks for n more, next/2 asks for one and waits for it, and stream/1
wraps next/2 as an Enumerable. Each unit of demand pays for exactly one
event. {:dropped, n} and {:closed, reason} take no demand, so a consumer
that renews demand only on events keeps receiving them after a drop.
Because next/2 returns one message per call, a call that returns
{:dropped, n} leaves the event its demand paid for in the mailbox; the
following call returns that event, and the unit of demand that call adds
pays for one event delivered ahead of the next call. Events that arrive
without demand wait in
the transport process, at most :max_buffer of them (100 by default). A
full buffer follows the :overflow policy given to Snodo.Client.listen/3:
:drop_oldest (the default) discards the oldest queued event, :drop_newest
discards the arriving one. Either way the owner is told with {:dropped, n}.
{:closed, reason} is delivered after the queued events.
Ending the stream
close/1 ends the stream from the client side; the server sees a
cancellation. The owner's exit does the same. No message follows close/1;
events delivered before it stay in the owner's mailbox. next/2 on a stream
that has ended, after its {:closed, reason} or after close/1, returns
{:closed, {:error, %Snodo.Error{}}} at once over every transport.

      


      
        Summary


  
    Types
  


    
      
        close_reason()

      


        Why a stream ended: the server's terminal result, or an error.



    


    
      
        payload()

      


        What the owner receives inside {:snodo_subscription, ref, payload}.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        close(subscription)

      


        Ends the stream.



    


    
      
        demand(subscription, n)

      


        Asks for n more events, which arrive as messages to the owner.



    


    
      
        next(subscription, timeout \\ :infinity)

      


        Asks for one event and waits for the next message.



    


    
      
        stream(subscription)

      


        The stream's payloads as an Enumerable, ending with {:closed, reason}.
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      close_reason()



        
          
        

    

  


  

      

          @type close_reason() :: :complete | {:error, Snodo.Error.t()}


      


Why a stream ended: the server's terminal result, or an error.

  



  
    
      
    
    
      payload()



        
          
        

    

  


  

      

          @type payload() ::
  {:notification, String.t(), map()}
  | {:dropped, pos_integer()}
  | {:closed, close_reason()}


      


What the owner receives inside {:snodo_subscription, ref, payload}.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Client.Subscription{
  accepted: map(),
  id: integer(),
  owner: pid(),
  pid: pid(),
  ref: reference()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      close(subscription)



        
          
        

    

  


  

      

          @spec close(t()) :: :ok


      


Ends the stream.
The server is sent a cancellation: stdio writes notifications/cancelled,
HTTP closes the connection, and the direct client closes the source. Returns
:ok, also for a stream that has already ended.

  



  
    
      
    
    
      demand(subscription, n)



        
          
        

    

  


  

      

          @spec demand(t(), pos_integer()) :: :ok


      


Asks for n more events, which arrive as messages to the owner.
Demand accumulates: queued events are sent at once, up to n, and later
events are sent as they arrive until the demand is used up.

  



    

  
    
      
    
    
      next(subscription, timeout \\ :infinity)



        
          
        

    

  


  

      

          @spec next(t(), timeout()) :: payload() | {:error, :timeout}


      


Asks for one event and waits for the next message.
Returns the payload: {:notification, method, params}, {:dropped, n}, or
{:closed, reason}. A {:dropped, n} report is followed by the event this
call's demand paid for, which the next call returns. Returns {:error, :timeout} when nothing arrives in
timeout milliseconds; the demand stays, so that event arrives as a message
later and the next call returns it. If the stream has already ended, or the
transport process exits, returns {:closed, {:error, %Snodo.Error{}}}. Must
be called by the owner.

  



  
    
      
    
    
      stream(subscription)



        
          
        

    

  


  

      

          @spec stream(t()) :: Enumerable.t()


      


The stream's payloads as an Enumerable, ending with {:closed, reason}.
Each element is fetched with next/2, so the stream runs in the owner.
Stopping early leaves the subscription open; call close/1.

  


        

      


  

    
Snodo.Client.TokenProvider behaviour
    



      
Behaviour for the bearer tokens Snodo.Client.HTTP sends.
A provider is passed to Snodo.Client.connect/2 as
token_provider: {module, state}. The transport calls it in the process
that makes the request:
	token/2 before every request, including the request that opens a
Snodo.Client.listen/3 stream. {:ok, token} sends
Authorization: Bearer <token>; {:ok, nil} sends the request without
one, which is how a client learns the server's challenge on its first
request.
	refresh/3 after a 401, and after a 403 whose challenge is
insufficient_scope. It receives the Snodo.Client.Challenge from the
response (the Bearer challenge, or the first challenge of another
scheme, or nil when the response has none) and a context with the
status and the token that was refused. The provider obtains a new
token, by refreshing, by starting an authorization flow, or by asking
for more scope, and the transport sends the request once more with it.
A second 401 or 403 returns a -32000 transport error with
cause: {:unauthorized, status, challenge}.

Both callbacks return {:error, %Snodo.Error{}} to fail the request with
that error. Any other return raises ArgumentError in the caller. A token
must be a string without CR, LF, or NUL; the transport refuses one that is
not, without including it in the error.
The transport's :timeout applies to each HTTP attempt. A provider call
runs before an attempt and is not bounded by it, so a provider that
blocks, for example while a user authorizes in a browser, lengthens the
request by that long. A provider that talks to another process returns
an error, rather than exiting, when that process is not running.
The context is a map with :url, the endpoint the client connected to,
and, for refresh/3, :status and :token. A provider that keeps state
(a token cache, a refresh token, a pending authorization) typically hands
the transport a pid or a registered name and does its work in that
process, so several requesting processes share one token and one flow.
snodo_oauth supplies Snodo.OAuth.Client, which implements the MCP
authorization flows on top of this behaviour.
A token is a credential: a provider must not log it or put it in an error
message.

      


      
        Summary


  
    Types
  


    
      
        context()

      


        What the transport knows when it calls the provider: the endpoint URL and,
for refresh/3, the response status and the refused token (nil when
the request was sent without one).



    


    
      
        state()

      


        Whatever the provider handed the transport, usually a pid or a name.



    





  
    Callbacks
  


    
      
        refresh(state, arg2, context)

      


        Returns a new token after the server refused the request with a 401,
or with a 403 insufficient_scope challenge. challenge is the parsed
challenge, or nil when the response had none; context carries the
status and the refused token. The transport sends the request once more
with the token returned.



    


    
      
        token(state, context)

      


        Returns the token for the next request, {:ok, nil} to send it without
one, or {:error, error} to fail it. Called before every request and
before opening a subscriptions/listen stream.
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      context()



        
          
        

    

  


  

      

          @type context() :: %{
  :url => String.t(),
  optional(:status) => 401 | 403,
  optional(:token) => String.t() | nil
}


      


What the transport knows when it calls the provider: the endpoint URL and,
for refresh/3, the response status and the refused token (nil when
the request was sent without one).

  



  
    
      
    
    
      state()



        
          
        

    

  


  

      

          @type state() :: term()


      


Whatever the provider handed the transport, usually a pid or a name.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      refresh(state, arg2, context)



        
          
        

    

  


  

      

          @callback refresh(state(), Snodo.Client.Challenge.t() | nil, context()) ::
  {:ok, String.t()} | {:error, Snodo.Error.t()}


      


Returns a new token after the server refused the request with a 401,
or with a 403 insufficient_scope challenge. challenge is the parsed
challenge, or nil when the response had none; context carries the
status and the refused token. The transport sends the request once more
with the token returned.

  



  
    
      
    
    
      token(state, context)



        
          
        

    

  


  

      

          @callback token(state(), context()) :: {:ok, String.t() | nil} | {:error, Snodo.Error.t()}


      


Returns the token for the next request, {:ok, nil} to send it without
one, or {:error, error} to fail it. Called before every request and
before opening a subscriptions/listen stream.

  


        

      


  

    
Snodo.Client.Transport behaviour
    



      
Behaviour for the connection underneath Snodo.Client.
A transport moves one complete JSON-RPC request to a server and returns the
complete JSON-RPC response. Snodo.Client builds the request and decodes the
response, so a transport never interprets result or error.
request/3 receives these options:
	:timeout - milliseconds to wait for the response.
	:dialect - the protocol dialect module that built the request. HTTP
uses its transport_policy/1 to derive headers.
	:extension - an optional extension module for the request method.
HTTP uses its transport_policy/2 to derive extension routing headers;
other transports may ignore it.
	:headers - request headers the client adds for the negotiated
session, as {name, value} string pairs: MCP-Protocol-Version and
Mcp-Session-Id on an initialize-era connection. A transport that has
no headers ignores them.
	:on_response_headers - present for initialize. A function of one
argument to call, in the process that called request/3, with the
response headers as {name, value} pairs with lowercase names, before
the response is returned. The client reads Mcp-Session-Id from them.
	:on_server_request - a function of one argument that answers a
request the server sends to the client while this request is in flight,
such as elicitation/create on an initialize-era connection. It
receives the request as sent and returns the JSON-RPC response object
to send back. A transport that carries server requests on the response
of the request in flight calls it in the calling process; connect/2
receives the same option for a transport whose connection outlives one
request.
	:on_progress - present when the caller asked for progress. A function
of one argument to call, in the process that called request/3, with
the params of each notifications/progress whose progressToken is
the request's params["_meta"]["progressToken"], before returning the
response.
	:reset_timeout_on_progress - when true, each delivered progress
notification restarts :timeout, up to :max_total_timeout
milliseconds after the request started. Past that the request fails
with max_total_timeout_error/1.

A transport that ignores the progress options delivers no progress and keeps
a fixed timeout.
Three callbacks are optional. notify/3 sends a notification, a message
without an id, and returns once the transport has delivered it; it
receives :timeout, :dialect, and :headers. The client needs it for
notifications/initialized, so a transport without it cannot open an
initialize-era connection. delete_session/2 is called by
Snodo.Client.close/1 before close/1 when the server issued a session
id; it receives :headers (Mcp-Session-Id and MCP-Protocol-Version)
and :timeout. Streamable HTTP sends a DELETE; a transport without it
simply closes.
The optional listen/3 opens a subscriptions/listen stream for
Snodo.Client.listen/3. It sends the request, waits :timeout milliseconds
for the server's notifications/subscriptions/acknowledged, and returns
{:ok, accepted_filter, pid}: the filter from the acknowledgement and the
process that receives the stream. That process keeps the subscription's
buffer (the internal module the built-in transports share, built from the
:owner, :ref, :max_buffer, and :overflow options), pushes each later
notification to it as {:notification, method, params}, closes it with
:complete or {:error, %Snodo.Error{}} at the terminal response or a
connection failure, and exits once the buffer is done. It handles
{:mcp_client_demand, ref, n} messages by adding demand, and a
{:mcp_client_close, ref} call by cancelling the stream on the server and
replying :ok. It monitors the owner and cancels the stream when the owner
exits. Snodo.Client.Subscription.next/2 follows its demand with a
{:mcp_client_next, ref, reply_to} message, where reply_to is a process
alias. The process must handle it or discard it: a process that exits once
the buffer is done may discard it, for example with a catch-all
handle_info/2 clause, and a GenServer without such a clause crashes on
it. A process that outlives its streams, as the stdio connection does,
answers it with send(reply_to, {reply_to, :ended}) for a ref it no
longer has, so that next/2 on an ended stream returns at once. A JSON-RPC error response before the acknowledgement is returned as
{:error, %Snodo.Error{}}. Snodo.Client.listen/3 raises ArgumentError
for a transport without listen/3.
Failures of the connection itself are %Snodo.Error{kind: :transport}. Use
connection_error/2 (-32000) and timeout_error/1 (-32001), the codes the
official TypeScript SDK uses for the same client-side conditions.
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    Callbacks
  


    
      
        close(state)

      


    


    
      
        connect(init_arg, opts)

      


    


    
      
        delete_session(state, opts)

      


    


    
      
        listen(state, message, opts)

      


    


    
      
        notify(state, message, opts)

      


    


    
      
        request(state, message, opts)

      


    





  
    Functions
  


    
      
        connection_error(message, cause)

      


        The connection is closed, unreachable, or produced an unusable response.



    


    
      
        max_total_timeout_error(max_total_timeout)

      


        Progress kept moving the deadline of a request, and the response had not
arrived max_total_timeout milliseconds after the request started.



    


    
      
        timeout_error(timeout)

      


        No response arrived within timeout milliseconds.
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      state()



        
          
        

    

  


  

      

          @type state() :: term()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      close(state)



        
          
        

    

  


  

      

          @callback close(state()) :: :ok


      



  



  
    
      
    
    
      connect(init_arg, opts)



        
          
        

    

  


  

      

          @callback connect(init_arg :: term(), opts :: keyword()) ::
  {:ok, state()} | {:error, Snodo.Error.t()}


      



  



  
    
      
    
    
      delete_session(state, opts)


        (optional)


        
          
        

    

  


  

      

          @callback delete_session(state(), opts :: keyword()) :: :ok


      



  



  
    
      
    
    
      listen(state, message, opts)


        (optional)


        
          
        

    

  


  

      

          @callback listen(state(), message :: map(), opts :: keyword()) ::
  {:ok, accepted_filter :: map(), pid()} | {:error, Snodo.Error.t()}


      



  



  
    
      
    
    
      notify(state, message, opts)


        (optional)


        
          
        

    

  


  

      

          @callback notify(state(), message :: map(), opts :: keyword()) ::
  :ok | {:error, Snodo.Error.t()}


      



  



  
    
      
    
    
      request(state, message, opts)



        
          
        

    

  


  

      

          @callback request(state(), message :: map(), opts :: keyword()) ::
  {:ok, map()} | {:error, Snodo.Error.t()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      connection_error(message, cause)



        
          
        

    

  


  

      

          @spec connection_error(String.t(), term()) :: Snodo.Error.t()


      


The connection is closed, unreachable, or produced an unusable response.

  



  
    
      
    
    
      max_total_timeout_error(max_total_timeout)



        
          
        

    

  


  

      

          @spec max_total_timeout_error(pos_integer()) :: Snodo.Error.t()


      


Progress kept moving the deadline of a request, and the response had not
arrived max_total_timeout milliseconds after the request started.

  



  
    
      
    
    
      timeout_error(timeout)



        
          
        

    

  


  

      

          @spec timeout_error(timeout()) :: Snodo.Error.t()


      


No response arrived within timeout milliseconds.

  


        

      


  

    
Snodo.Elicitation 
    



      
Builds and validates embedded elicitation/create requests for MRTR.
form/2 and url/2 return bare input requests, without JSON-RPC envelopes.
Use response/3 on a retried request to read only the named input response.
It does not bind a response to a user or persist state: applications must do
that using authenticated context and verified, request-specific state.
Form schemas support the protocol's flat primitive fields and single/multiple
selection enums, including titled enums and legacy enumNames. Unsupported
schema keywords are rejected rather than silently ignored. Validation uses
Snodo.Schema.Validator.Basic for common constraints and explicitly validates
enum composition and formats. Formats receive syntactic checks, not exhaustive
RFC validation: email checks address structure, URI requires an absolute URI,
and date/date-time use ISO calendar parsing with an RFC 3339-shaped timestamp.
No DNS, URL fetching, or email verification occurs.
Form mode must never request passwords, API keys, tokens, or payment secrets.
URL mode accepts HTTP(S) navigation URLs; use HTTPS outside development and
never put secrets, personal data, or pre-authenticated access in the URL.
An accepted URL response means consent to navigate, not completion of the
out-of-band interaction. Check completion independently on every retry.
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    Types
  


    
      
        request()

      


    


    
      
        response_result()

      


    





  
    Functions
  


    
      
        form(message, requested_schema)

      


        Builds a form input request, raising ArgumentError for an invalid schema.



    


    
      
        response(context, id, request)

      


        Reads and validates the named response, ignoring unrelated response IDs.



    


    
      
        supported?(request, arg2)

      


        Checks the requested mode against this request's client capabilities.



    


    
      
        url(message, url)

      


        Builds an HTTP(S) URL input request, raising ArgumentError when invalid.



    


    
      
        validate_request(request)

      


        Validates one bare elicitation input request.



    





      


      
        Types


        


  
    
      
    
    
      request()



        
          
        

    

  


  

      

          @type request() :: %{required(String.t()) => term()}


      



  



  
    
      
    
    
      response_result()



        
          
        

    

  


  

      

          @type response_result() :: :missing | {:ok, map()} | {:error, Snodo.Error.t()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      form(message, requested_schema)



        
          
        

    

  


  

      

          @spec form(String.t(), map()) :: request()


      


Builds a form input request, raising ArgumentError for an invalid schema.

  



  
    
      
    
    
      response(context, id, request)



        
          
        

    

  


  

      

          @spec response(Snodo.Context.t() | map(), String.t(), request()) :: response_result()


      


Reads and validates the named response, ignoring unrelated response IDs.
Invalid responses return a generic invalid-params error without submitted data.
Missing form content is validated as an empty object. Content on a URL,
decline, or cancel response is checked for its flat wire shape but not used.
Additional JSON fields are preserved and ignored.
This helper does not authenticate content or trust client-echoed request state.

  



  
    
      
    
    
      supported?(request, arg2)



        
          
        

    

  


  

      

          @spec supported?(term(), term()) :: boolean()


      


Checks the requested mode against this request's client capabilities.

  



  
    
      
    
    
      url(message, url)



        
          
        

    

  


  

      

          @spec url(String.t(), String.t()) :: request()


      


Builds an HTTP(S) URL input request, raising ArgumentError when invalid.

  



  
    
      
    
    
      validate_request(request)



        
          
        

    

  


  

      

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


      


Validates one bare elicitation input request.

  


        

      


  

    
Snodo.MRTR 
    



      
Validation for the ordinary multi round-trip request boundary.
Tools, resources, and prompts may return Snodo.Result.input_required/1.
A retry invokes the component again with the original component arguments
and a fresh Snodo.Context; no process or implicit continuation is retained.
Components should consume only the input IDs they need, re-request missing
answers, and perform effects only after validating input and any state.
An input request is an elicitation (Snodo.Elicitation), a sampling request
(Snodo.Sampling), or a roots request (Snodo.Roots); a result may also be
a state-only continuation. Sampling and roots are deprecated by SEP-2577 but
still defined. Each kind validates its own request shape and is checked
against the client capabilities of the current request; a result carrying a
request the client cannot fulfil fails with -32021 and the merged
requiredCapabilities. Extensions retain their own negotiated routes and
wire results; ordinary core results still pass the selected dialect's
admission after extension middleware completes.

      




  

    
Snodo.Roots 
    



      
Builds and validates embedded roots/list requests for MRTR.
SEP-2577 deprecates server-initiated roots listing in MCP 2026-07-28. The
method is still defined by the protocol schema and scored by the official
conformance runner, so a 2026-07-28 handler may return one as an input
request through Snodo.Result.input_required/1, next to elicitation.
list/0 returns a bare input request, without a JSON-RPC envelope. Use
response/3 on a retried request to read only the named ListRootsResult.
The dialect refuses the request with -32021 when the client has not
declared roots. Each root URI must start with file://, as the 2026-07-28
schema requires. The client chooses which roots to reveal, and a root is a
claim about the client's file system, not an access grant: check every path
an application derives from one against its own authorization.
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    Types
  


    
      
        request()

      


    


    
      
        response_result()

      


    





  
    Functions
  


    
      
        list()

      


        Builds a roots input request.



    


    
      
        response(context, id, request)

      


        Reads and validates the named response, ignoring unrelated response IDs.



    


    
      
        supported?(request, arg2)

      


        Checks the request against this request's client capabilities.



    


    
      
        valid_response?(response)

      


        Checks that response is a ListRootsResult.



    


    
      
        validate_request(request)

      


        Validates one bare roots input request.



    





      


      
        Types


        


  
    
      
    
    
      request()



        
          
        

    

  


  

      

          @type request() :: %{required(String.t()) => term()}


      



  



  
    
      
    
    
      response_result()



        
          
        

    

  


  

      

          @type response_result() :: :missing | {:ok, map()} | {:error, Snodo.Error.t()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      list()



        
          
        

    

  


  

      

          @spec list() :: request()


      


Builds a roots input request.

  



  
    
      
    
    
      response(context, id, request)



        
          
        

    

  


  

      

          @spec response(Snodo.Context.t() | map(), String.t(), request()) :: response_result()


      


Reads and validates the named response, ignoring unrelated response IDs.
A valid response is a ListRootsResult: a "roots" list whose entries
carry a file:// "uri" and an optional "name". Invalid responses return
a generic invalid-params error without the submitted data. Additional JSON
fields are preserved and ignored. This helper does not authenticate content
or trust client-echoed request state.

  



  
    
      
    
    
      supported?(request, arg2)



        
          
        

    

  


  

      

          @spec supported?(term(), term()) :: boolean()


      


Checks the request against this request's client capabilities.

  



  
    
      
    
    
      valid_response?(response)



        
          
        

    

  


  

      

          @spec valid_response?(term()) :: boolean()


      


Checks that response is a ListRootsResult.
That is a "roots" list, possibly empty, whose entries carry a file://
"uri" and an optional "name". Additional JSON fields are allowed.
Snodo.Client applies it to what a roots handler returns.

  



  
    
      
    
    
      validate_request(request)



        
          
        

    

  


  

      

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


      


Validates one bare roots input request.
The schema makes params optional; when present it may carry only _meta,
itself an object.

  


        

      


  

    
Snodo.Sampling 
    



      
Builds and validates embedded sampling/createMessage requests for MRTR.
SEP-2577 deprecates server-initiated sampling in MCP 2026-07-28. The method
is still defined by the protocol schema and scored by the official
conformance runner, so a 2026-07-28 handler may return one as an input
request through Snodo.Result.input_required/1, next to elicitation. Prefer
elicitation for new designs; sampling stays available for clients that
declare the sampling capability.
create_message/2 returns a bare input request, without a JSON-RPC
envelope. Messages are Snodo.Prompt.message/2 maps whose content is one
text, image, audio, tool-use, or tool-result block, or a list of those
blocks. Use response/3 on a retried request to read only the named
CreateMessageResult. It does not bind a response to a user or persist
state: applications must do that using authenticated context and verified,
request-specific state.
The dialect refuses the request with -32021 when the client has not
declared sampling, sampling.tools (needed by :tools and
:tool_choice), or sampling.context (needed by an :include_context
other than "none"). Sampled content is model output: treat it as
untrusted input, never as an instruction or a verified fact.

      


      
        Summary


  
    Types
  


    
      
        request()

      


    


    
      
        response_result()

      


    





  
    Functions
  


    
      
        create_message(messages, opts)

      


        Builds a sampling input request, raising ArgumentError when invalid.



    


    
      
        response(context, id, request)

      


        Reads and validates the named response, ignoring unrelated response IDs.



    


    
      
        supported?(request, arg2)

      


        Checks the request against this request's client capabilities.



    


    
      
        valid_response?(response)

      


        Checks that response is a CreateMessageResult.



    


    
      
        validate_request(request)

      


        Validates one bare sampling input request.



    





      


      
        Types


        


  
    
      
    
    
      request()



        
          
        

    

  


  

      

          @type request() :: %{required(String.t()) => term()}


      



  



  
    
      
    
    
      response_result()



        
          
        

    

  


  

      

          @type response_result() :: :missing | {:ok, map()} | {:error, Snodo.Error.t()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      create_message(messages, opts)



        
          
        

    

  


  

      

          @spec create_message([map()], keyword()) :: request()


      


Builds a sampling input request, raising ArgumentError when invalid.
messages is a non-empty list of sampling messages. Options:
	:max_tokens - required, a positive integer.
	:system_prompt - a string.
	:model_preferences - a map with optional "hints" (a list of
%{"name" => string} maps) and "costPriority", "speedPriority",
and "intelligencePriority" numbers from 0 to 1.
	:temperature - a number.
	:stop_sequences - a list of strings.
	:include_context - "none", "thisServer", or "allServers". The
last two are deprecated by SEP-2596 and need sampling.context.
	:metadata - a JSON object passed through to the client's provider.
	:tools - a list of tool definitions in wire shape; needs
sampling.tools.
	:tool_choice - %{"mode" => "auto" | "none" | "required"}; needs
sampling.tools.



  



  
    
      
    
    
      response(context, id, request)



        
          
        

    

  


  

      

          @spec response(Snodo.Context.t() | map(), String.t(), request()) :: response_result()


      


Reads and validates the named response, ignoring unrelated response IDs.
A valid response is a CreateMessageResult: a "role", one sampling
content block or a list of them as "content", a "model" string, and an
optional "stopReason". Invalid responses return a generic invalid-params
error without the submitted data. Additional JSON fields are preserved and
ignored. This helper does not authenticate content or trust client-echoed
request state.

  



  
    
      
    
    
      supported?(request, arg2)



        
          
        

    

  


  

      

          @spec supported?(term(), term()) :: boolean()


      


Checks the request against this request's client capabilities.
Requires a sampling object, plus sampling.tools when the request carries
tools or toolChoice and sampling.context when includeContext is not
"none".

  



  
    
      
    
    
      valid_response?(response)



        
          
        

    

  


  

      

          @spec valid_response?(term()) :: boolean()


      


Checks that response is a CreateMessageResult.
That is a "role" of "user" or "assistant", one sampling content block
or a non-empty list of them as "content", a "model" string, and an
optional "stopReason" string. Additional JSON fields are allowed.
Snodo.Client applies it to what a sampling handler returns.

  



  
    
      
    
    
      validate_request(request)



        
          
        

    

  


  

      

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


      


Validates one bare sampling input request.

  


        

      


  

    
Snodo.Transport behaviour
    



      
Behaviour for long-lived transport adapters.

      


      
        Summary
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        start_link(keyword)

      


    





      


      
        Callbacks


        


  
    
      
    
    
      start_link(keyword)



        
          
        

    

  


  

      

          @callback start_link(keyword()) :: GenServer.on_start()


      



  


        

      


  

    
Snodo.Transport.Context 
    



      
Opaque, request-scoped information supplied by a transport.
Protocol-independent code should not infer transport policy from this struct.
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        headers()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      headers()



        
          
        

    

  


  

      

          @type headers() :: %{optional(String.t()) => String.t()} | [{String.t(), String.t()}]


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Transport.Context{
  connection_ref: term(),
  metadata: map(),
  peer: term(),
  request_headers: headers(),
  response_handle: term(),
  transport: atom() | module() | nil
}


      



  


        

      


  

    
Snodo.Transport.Policy 
    



      
Transport-neutral requirements declared by a protocol dialect.
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        mirror()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      mirror()



        
          
        

    

  


  

      

          @type mirror() :: %{
  :path => [String.t()],
  optional(:encoding) => :plain | :base64_sentinel
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Transport.Policy{
  allow_batching?: boolean(),
  allow_session_id?: boolean(),
  allowed_methods: [String.t()],
  forbidden_headers: [String.t()],
  mirrored_headers: %{optional(String.t()) => mirror()},
  request_content_types: [String.t()],
  require_protocol_header?: boolean(),
  required_accept_types: [String.t()],
  required_headers: [String.t()],
  stream_mode: :none | :sse,
  tool_parameter_headers?: boolean()
}


      



  


        

      


  

    
Snodo.Transport.Stdio 
    



      
Concurrent newline-delimited JSON-RPC transport.
A small coordinator owns framing and serializes complete stdout writes. Work
is admitted through the optional, transport-neutral Snodo.Server.Executor, so
the coordinator never awaits a handler and execution policy is reusable by
other transports.
:write_timeout is a positive millisecond limit, defaulting to 5,000. A single
linked, monitored helper performs each write while the coordinator waits
boundedly; there is no writer queue. Cancellation and EOF handling can wait
up to this limit during a blocked write. A timeout or output error is terminal:
the transport cancels its work and closes subscriptions, without attempting
further writes. A timed-out device may already have accepted some bytes, so
the transport never retries. Supplied I/O devices are never stopped or killed.
:max_line_bytes limits one input message, counting its newline, and defaults
to 2,000,000 bytes to match the HTTP listener's :max_body_bytes. A longer
line is answered with -32600 and a null id without being decoded, the rest of
it is discarded, and the next line is served normally.
How much of a long line is held in memory depends on the input. The default
:stdio input is read in chunks that hold at most :max_line_bytes of a line
when the VM was started with -noinput, and on OTP 28 and later when standard
input is a stream socket, which is what Node.js clients provide. Any other
input is read a line at a time, and the device holds each line in full before
returning it; the VM holds a line from standard input as a character list,
many times its size. That covers a pipe on standard input, which Python and
Erlang clients provide, unless the VM was started with -noinput, for example
in a release's vm.args. With -noinput, nothing else in the VM can read
standard input.
An initialize-era client (2025-11-25 or 2025-06-18, when the runtime enables
those dialects) negotiates its version once with initialize. The transport
records the version from a successful result and gives every later message
on the connection an mcp-protocol-version request header, the header HTTP
requests carry, so dialect selection and validation are shared with HTTP. A
2026-07-28 client does not send initialize, and its messages carry no such
header.

      


      
        Summary
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        state()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        serve(runtime, opts \\ [])

      


        Runs the stdio transport until EOF and all admitted requests finish.



    





      


      
        Types


        


  
    
      
    
    
      state()



        
          
        

    

  


  

      

          @type state() :: %{
  runtime: Snodo.Server.Runtime.t(),
  input: IO.device(),
  output: IO.device(),
  writer: {IO.device(), pos_integer()},
  executor: pid(),
  executor_monitor: reference() | nil,
  serve_owner_monitor: reference() | nil,
  owns_executor?: boolean(),
  request_timeout: Snodo.Server.Executor.execution_timeout() | :default,
  reader: pid() | nil,
  connection_ref: reference(),
  executions_by_id: map(),
  executions_by_ref: map(),
  subscriptions_by_id: map(),
  subscriptions_by_worker: map(),
  max_subscriptions: pos_integer(),
  max_line_bytes: pos_integer(),
  negotiated_version: String.t() | nil,
  eof?: boolean()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



    

  
    
      
    
    
      serve(runtime, opts \\ [])



        
          
        

    

  


  

      

          @spec serve(Snodo.Server.Runtime.t(), keyword()) :: :ok | {:error, term()}


      


Runs the stdio transport until EOF and all admitted requests finish.

  


        

      


  

    
Snodo.Transport.Stdio.Framing 
    



      
Newline-delimited JSON framing for the MCP stdio binding.

      


      
        Summary


  
    Functions
  


    
      
        decode_line(line)

      


        Decodes one line of JSON. A trailing newline and carriage return, and a
leading UTF-8 byte order mark, are ignored.



    


    
      
        encode_message(message)

      


        Encodes one message as a line of JSON.



    





      


      
        Functions


        


  
    
      
    
    
      decode_line(line)



        
          
        

    

  


  

      

          @spec decode_line(iodata()) :: {:ok, term()} | {:error, Snodo.Error.t()}


      


Decodes one line of JSON. A trailing newline and carriage return, and a
leading UTF-8 byte order mark, are ignored.

  



  
    
      
    
    
      encode_message(message)



        
          
        

    

  


  

      

          @spec encode_message(map()) :: iodata()


      


Encodes one message as a line of JSON.
Every character outside ASCII is written as a JSON \uXXXX escape, with a
surrogate pair above U+FFFF. The line is then the same bytes whatever the
output device's encoding. Raw UTF-8 written with IO.binwrite/2 to a
Unicode-mode device, which :stdio is under elixir, would be encoded a
second time. The escapes also keep U+2028 and U+2029 out of the stream.

  


        

      


  

    
Snodo.Transport.StreamableHTTP 
    



      
Protocol-driven adapter for stateless Streamable HTTP requests.
The default dialect is 2026-07-28. Explicitly enabled initialize-era dialects
share admission and execution without creating HTTP sessions.
prepare/3 performs HTTP and mirrored-header admission without invoking an
application handler. execute/3 runs one prepared message through the shared
synchronous server core. This split lets HTTP servers admit a request before
submitting only application work to Snodo.Server.Executor.
Complete JSON responses and long-lived SSE descriptors are deliberately
transport-server agnostic so Plug, Bandit, Cowboy, or a custom listener can
translate them without changing protocol code.
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        prepare_result()

      


    





  
    Functions
  


    
      
        execute(runtime, prepared, cancellation \\ nil)

      


        Executes one admitted request; transports may supply a cancellation token.



    


    
      
        handle(runtime, request, opts \\ [])

      


        Runs admission and execution synchronously for embedding in another HTTP stack.



    


    
      
        prepare(runtime, request, opts \\ [])

      


        Admits and decodes one HTTP request without executing its MCP handler.
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      prepare_result()



        
          
        

    

  


  

      

          @type prepare_result() ::
  {:ok, Snodo.Transport.StreamableHTTP.Prepared.t()}
  | {:response, Snodo.Transport.StreamableHTTP.Response.t()}
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      execute(runtime, prepared, cancellation \\ nil)



        
          
        

    

  


  

      

          @spec execute(
  Snodo.Server.Runtime.t(),
  Snodo.Transport.StreamableHTTP.Prepared.t(),
  term() | nil
) ::
  Snodo.Transport.StreamableHTTP.Response.t()
  | Snodo.Transport.StreamableHTTP.StreamResponse.t()


      


Executes one admitted request; transports may supply a cancellation token.

  



    

  
    
      
    
    
      handle(runtime, request, opts \\ [])



        
          
        

    

  


  

      

          @spec handle(
  Snodo.Server.Runtime.t(),
  Snodo.Transport.StreamableHTTP.Request.t(),
  keyword()
) ::
  Snodo.Transport.StreamableHTTP.Response.t()
  | Snodo.Transport.StreamableHTTP.StreamResponse.t()


      


Runs admission and execution synchronously for embedding in another HTTP stack.

  



    

  
    
      
    
    
      prepare(runtime, request, opts \\ [])



        
          
        

    

  


  

      

          @spec prepare(
  Snodo.Server.Runtime.t(),
  Snodo.Transport.StreamableHTTP.Request.t(),
  keyword()
) ::
  prepare_result()


      


Admits and decodes one HTTP request without executing its MCP handler.

  


        

      


  

    
Snodo.Transport.StreamableHTTP.Prepared 
    



      
An HTTP request that passed admission in Snodo.Transport.StreamableHTTP.prepare/3,
ready for Snodo.Transport.StreamableHTTP.execute/3.
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      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Transport.StreamableHTTP.Prepared{
  kind: :request | :notification,
  policy: Snodo.Transport.Policy.t(),
  protocol: module(),
  raw: map(),
  transport: Snodo.Transport.Context.t()
}


      



  


        

      


  

    
Snodo.Transport.StreamableHTTP.Request 
    



      
A server-agnostic HTTP request at the Streamable HTTP boundary.
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      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Transport.StreamableHTTP.Request{
  body: binary(),
  connection_ref: term(),
  headers: Snodo.Transport.Context.headers(),
  method: String.t(),
  path: String.t(),
  peer: term()
}


      



  


        

      


  

    
Snodo.Transport.StreamableHTTP.RequestGate behaviour
    



      
Request admission for the native Streamable HTTP listener.
A gate sees the parsed request method, path, and headers before the body is
read. It can serve a separate route, refuse a request with an HTTP response,
or return trusted request identity for Snodo.Authorization. The listener
does not interpret credentials. A gate that raises or returns an invalid
result fails closed with HTTP 500.
Configure {module, options} as the listener's :request_gate option. The
module is initialized once at listener startup with the listener's endpoint
path in %{path: path}. check/2 runs in each
connection's admission task and is bounded by :request_gate_timeout.
External calls should also have their own bounds and cleanup on timeout.
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        check(t, term)

      


    


    
      
        init(keyword, map)
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          @callback check(Snodo.Transport.StreamableHTTP.Request.t(), term()) ::
  {:ok, term()} | {:response, Snodo.Transport.StreamableHTTP.Response.t()}


      



  



  
    
      
    
    
      init(keyword, map)



        
          
        

    

  


  

      

          @callback init(keyword(), %{path: String.t()}) :: term()


      



  


        

      


  

    
Snodo.Transport.StreamableHTTP.Response 
    



      
A complete HTTP response returned by the core adapter.
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      headers()



        
          
        

    

  


  

      

          @type headers() :: [{String.t(), String.t()}]


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Transport.StreamableHTTP.Response{
  body: binary(),
  headers: headers(),
  status: pos_integer()
}


      



  


        

      


  

    
Snodo.Transport.StreamableHTTP.Server 
    



      
Small dependency-free HTTP/1.1 listener for Snodo.Transport.StreamableHTTP.
It is intentionally a binding, not a web framework. Each accepted connection
carries one request and closes after one response. Header admission happens in
the connection process; admitted MCP work runs through the reusable bounded
Snodo.Server.Executor. A peer disconnect while work is pending cancels that
execution and tears down its reply owner.
:request_timeout bounds queue wait plus execution after HTTP admission; the
transport's default ceiling is 30 seconds, including with an application-owned
executor. Progress does not extend the deadline. Explicit :infinity disables
this ceiling. Body reads and socket writes have their own transport bounds.
Connection and stream bounds, each a positive integer:
	:max_connections - the most connections open at once, default 1,024. A
connection accepted at the limit is closed without being read.
	:head_timeout - milliseconds from accept until the request head must be
complete, default 10,000. :read_timeout (default 5,000) still bounds
each read; this deadline bounds the whole head, so a client that sends it
a byte at a time is closed when the deadline passes.
	:request_gate_timeout - milliseconds allowed for a request gate to
check the head, default 10,000. A timed-out gate gets a 504 response.
	:body_timeout - milliseconds from the end of the head, or from gate
admission when a gate is configured, until the request body must be
read, default 10,000. Each body read returns what has arrived and waits
at most :read_timeout; this deadline bounds the whole body.
	:max_subscriptions - the most subscriptions/listen streams open at
once, default 256. The executor holds one count per listener and returns
a slot when the connection serving that stream exits. A stream over the
limit is closed at its source and the request gets 503.
	:drain_timeout - milliseconds the listener waits on shutdown for open
connections to finish, default 5,000.

Shutdown
The listener drains when it terminates, including when its supervisor stops
it:
	The listening socket closes, so new connections are refused.
	A connection whose request head or body is still arriving gets 503 and
closes. A request read in full before the drain began is admitted and
runs to its response.
	Each open subscriptions/listen stream gets its successful completion
response, its source is closed with reason :shutdown, and the
connection closes.
	Connections still open when :drain_timeout passes are killed, which
cancels their executor work and closes their subscription sources.
	An executor the listener started is stopped. An application-owned
executor keeps running.

child_spec/1 sets the child's :shutdown to :drain_timeout plus 5,000
ms, the default worker shutdown, so the supervisor does not kill the
listener during the drain. A child spec that overrides :shutdown must keep
it above :drain_timeout. A listener that is killed does not drain.
Applications that already run Plug, Bandit, or Cowboy can translate their
request into Snodo.Transport.StreamableHTTP.Request and use the pure adapter
directly instead of starting this listener.
The listener has no built-in authentication. Set :request_gate to a
{module, options} implementing Snodo.Transport.StreamableHTTP.RequestGate
to serve discovery routes and authenticate requests before reading their
bodies. A verified identity returned by the gate is available to
Snodo.Authorization. snodo_oauth provides an OAuth resource-server gate.
The listener serves plaintext HTTP. It warns when bound outside loopback,
including when a request gate is configured. Bind it privately behind a TLS
reverse proxy, or run Snodo.Transport.Plug in an HTTP server with TLS.
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        address(server)

      


        Returns the bound IP, actual port, and configured MCP endpoint path.



    


    
      
        child_spec(init_arg)

      


        Returns a worker child spec whose :shutdown exceeds :drain_timeout by
5,000 ms. An invalid :drain_timeout is rejected when the listener starts.



    


    
      
        url(server)

      


        Returns a URL for a listener bound to a local IPv4 or IPv6 address.
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          @spec address(GenServer.server()) ::
  {:inet.ip_address(), :inet.port_number(), String.t()}


      


Returns the bound IP, actual port, and configured MCP endpoint path.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a worker child spec whose :shutdown exceeds :drain_timeout by
5,000 ms. An invalid :drain_timeout is rejected when the listener starts.

  



  
    
      
    
    
      url(server)



        
          
        

    

  


  

      

          @spec url(GenServer.server()) :: String.t()


      


Returns a URL for a listener bound to a local IPv4 or IPv6 address.

  


        

      


  

    
Snodo.Transport.StreamableHTTP.StreamResponse 
    



      
A transport-server-agnostic long-lived SSE response descriptor.
Embedding HTTP stacks write the headers and acknowledgement, then use the
contained Snodo.Subscription lifecycle API to pull and shape events.

      


      
        Summary


  
    Types
  


    
      
        headers()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      headers()



        
          
        

    

  


  

      

          @type headers() :: [{String.t(), String.t()}]


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Transport.StreamableHTTP.StreamResponse{
  headers: headers(),
  keepalive_ms: pos_integer(),
  status: pos_integer(),
  subscription: Snodo.Subscription.t()
}


      



  


        

      


  

    
Snodo.Envelope 
    



      
A decoded JSON-RPC message before dialect-specific resolution.

      


      
        Summary


  
    Types
  


    
      
        id()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(raw, transport)

      


        Decodes the protocol-neutral JSON-RPC envelope without choosing a dialect.



    


    
      
        notification?(raw)

      


        Whether a decoded JSON value identifies itself as a notification: a string
method and no id. JSON-RPC forbids replying to one, even when it is
otherwise malformed.



    


    
      
        response?(raw)

      


        Whether a decoded JSON value is a JSON-RPC response object: no method,
and a result or error member. A server has nothing to answer to one.



    





      


      
        Types


        


  
    
      
    
    
      id()



        
          
        

    

  


  

      

          @type id() :: String.t() | integer() | nil


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Envelope{
  id: id(),
  kind: :request | :notification,
  method: String.t(),
  params: map(),
  raw: map(),
  transport: Snodo.Transport.Context.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(raw, transport)



        
          
        

    

  


  

      

          @spec decode(term(), Snodo.Transport.Context.t()) ::
  {:ok, t()} | {:error, Snodo.Error.t()}


      


Decodes the protocol-neutral JSON-RPC envelope without choosing a dialect.

  



  
    
      
    
    
      notification?(raw)



        
          
        

    

  


  

      

          @spec notification?(term()) :: boolean()


      


Whether a decoded JSON value identifies itself as a notification: a string
method and no id. JSON-RPC forbids replying to one, even when it is
otherwise malformed.

  



  
    
      
    
    
      response?(raw)



        
          
        

    

  


  

      

          @spec response?(term()) :: boolean()


      


Whether a decoded JSON value is a JSON-RPC response object: no method,
and a result or error member. A server has nothing to answer to one.

  


        

      


  

    
Snodo.Protocol behaviour
    



      
Behaviour for version-specific lifecycle, admission, routing, and wire shaping.
Dialects are supplied explicitly to a runtime. Merely loading a dialect module
never enables it.

      


      
        Summary


  
    Callbacks
  


    
      
        build_context(t, t)

      


    


    
      
        decode_request(map, t)

      


    


    
      
        detect(t)

      


    


    
      
        era()

      


    


    
      
        profile()

      


    


    
      
        request_metadata(map)

      


    


    
      
        resolve_operation(t)

      


    


    
      
        server_discovery(t)

      


    


    
      
        shape_error(t, arg2)

      


    


    
      
        shape_progress(arg1, map, t)

      


        Optional shaping of an active request's progress notification, independent of subscriptions.



    


    
      
        shape_result(term, t, t)

      


    


    
      
        shape_subscription_ack(map, id, t)

      


    


    
      
        shape_subscription_event(t, id, t)

      


    


    
      
        shape_subscription_result(id, t)

      


    


    
      
        transport_policy(arg1)

      


    


    
      
        validate_operation(term, map, t)

      


    


    
      
        validate_result(term, t, t)

      


        Optional post-handler admission for dialect-specific result variants and capabilities.



    


    
      
        version()

      


    





  
    Functions
  


    
      
        builtin_dialects()

      


        Returns the dialect modules bundled in-tree, in preference order, independent
of a runtime allowlist. Snodo.Client speaks every one of them.



    


    
      
        builtin_profiles()

      


        Returns the exact profiles bundled in-tree, independent of a runtime allowlist.



    


    
      
        builtin_versions()

      


        Returns the bundled profile versions in preference order.



    


    
      
        request_meta(envelope)

      


        Returns the untouched _meta map or an empty map.



    





      


      
        Callbacks


        


  
    
      
    
    
      build_context(t, t)



        
          
        

    

  


  

      

          @callback build_context(Snodo.Envelope.t(), Snodo.Server.Runtime.t()) ::
  {:ok, Snodo.Context.t()} | {:error, Snodo.Error.t()}


      



  



  
    
      
    
    
      decode_request(map, t)



        
          
        

    

  


  

      

          @callback decode_request(map(), Snodo.Transport.Context.t()) ::
  {:ok, Snodo.Envelope.t()} | {:error, Snodo.Error.t()}


      



  



  
    
      
    
    
      detect(t)



        
          
        

    

  


  

      

          @callback detect(Snodo.Envelope.t()) :: :exact | :fallback | false


      



  



  
    
      
    
    
      era()



        
          
        

    

  


  

      

          @callback era() :: :session | :stateless


      



  



  
    
      
    
    
      profile()



        
          
        

    

  


  

      

          @callback profile() :: Snodo.Protocol.Profile.t()


      



  



  
    
      
    
    
      request_metadata(map)



        
          
        

    

  


  

      

          @callback request_metadata(map()) :: map()


      



  



  
    
      
    
    
      resolve_operation(t)



        
          
        

    

  


  

      

          @callback resolve_operation(Snodo.Envelope.t()) ::
  {:ok, term()} | :not_handled | {:error, Snodo.Error.t()}


      



  



  
    
      
    
    
      server_discovery(t)



        
          
        

    

  


  

      

          @callback server_discovery(Snodo.Server.Runtime.t()) :: map() | :unsupported


      



  



  
    
      
    
    
      shape_error(t, arg2)



        
          
        

    

  


  

      

          @callback shape_error(Snodo.Error.t(), Snodo.Context.t() | nil) :: map()


      



  



  
    
      
    
    
      shape_progress(arg1, map, t)


        (optional)


        
          
        

    

  


  

      

          @callback shape_progress(String.t() | integer(), map(), Snodo.Context.t()) :: map()


      


Optional shaping of an active request's progress notification, independent of subscriptions.

  



  
    
      
    
    
      shape_result(term, t, t)



        
          
        

    

  


  

      

          @callback shape_result(term(), Snodo.Result.t(), Snodo.Context.t()) :: map()


      



  



  
    
      
    
    
      shape_subscription_ack(map, id, t)


        (optional)


        
          
        

    

  


  

      

          @callback shape_subscription_ack(map(), Snodo.Envelope.id(), Snodo.Context.t()) :: map()


      



  



  
    
      
    
    
      shape_subscription_event(t, id, t)


        (optional)


        
          
        

    

  


  

      

          @callback shape_subscription_event(
  Snodo.Subscription.Event.t(),
  Snodo.Envelope.id(),
  Snodo.Context.t()
) ::
  map()


      



  



  
    
      
    
    
      shape_subscription_result(id, t)


        (optional)


        
          
        

    

  


  

      

          @callback shape_subscription_result(Snodo.Envelope.id(), Snodo.Context.t()) :: map()


      



  



  
    
      
    
    
      transport_policy(arg1)



        
          
        

    

  


  

      

          @callback transport_policy(Snodo.Envelope.t() | nil) :: Snodo.Transport.Policy.t()


      



  



  
    
      
    
    
      validate_operation(term, map, t)



        
          
        

    

  


  

      

          @callback validate_operation(term(), map(), Snodo.Context.t()) ::
  :ok | {:error, Snodo.Error.t()}


      



  



  
    
      
    
    
      validate_result(term, t, t)


        (optional)


        
          
        

    

  


  

      

          @callback validate_result(term(), Snodo.Result.t(), Snodo.Context.t()) ::
  :ok | {:error, Snodo.Error.t()}


      


Optional post-handler admission for dialect-specific result variants and capabilities.

  



  
    
      
    
    
      version()



        
          
        

    

  


  

      

          @callback version() :: String.t()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      builtin_dialects()



        
          
        

    

  


  

      

          @spec builtin_dialects() :: [module()]


      


Returns the dialect modules bundled in-tree, in preference order, independent
of a runtime allowlist. Snodo.Client speaks every one of them.

  



  
    
      
    
    
      builtin_profiles()



        
          
        

    

  


  

      

          @spec builtin_profiles() :: [Snodo.Protocol.Profile.t()]


      


Returns the exact profiles bundled in-tree, independent of a runtime allowlist.

  



  
    
      
    
    
      builtin_versions()



        
          
        

    

  


  

      

          @spec builtin_versions() :: [String.t()]


      


Returns the bundled profile versions in preference order.

  



  
    
      
    
    
      request_meta(envelope)



        
          
        

    

  


  

      

          @spec request_meta(Snodo.Envelope.t()) :: map()


      


Returns the untouched _meta map or an empty map.

  


        

      


  

    
Snodo.Protocol.Inspection 
    



      
The successful result of exact-profile MCP admission inspection.

      


      
        Summary


  
    Types
  


    
      
        classification()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      classification()



        
          
        

    

  


  

      

          @type classification() :: :implemented | :unsupported | :extension


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Protocol.Inspection{
  classification: classification(),
  direction: :client_to_server | :server_to_client,
  envelope: Snodo.Envelope.t(),
  method: Snodo.Protocol.Profile.Method.t() | nil,
  profile: Snodo.Protocol.Profile.t()
}


      



  


        

      


  

    
Snodo.Protocol.Inspector 
    



      
Pure exact-profile admission checks performed before semantic routing.
Snodo.Envelope owns JSON-RPC structure. This module adds MCP method kind,
direction, params presence, request metadata presence, and method-specific
parameter checks for one immutable profile.

      


      
        Summary


  
    Types
  


    
      
        direction()

      


    





  
    Functions
  


    
      
        inspect_method(method, envelope, direction)

      


        Inspects one externally registered exact method rule.



    





      


      
        Types


        


  
    
      
    
    
      direction()



        
          
        

    

  


  

      

          @type direction() :: :client_to_server | :server_to_client


      



  


        

      

      
        Functions


        


  
    
      
    
    
      inspect_method(method, envelope, direction)



        
          
        

    

  


  

      

          @spec inspect_method(
  Snodo.Protocol.Profile.Method.t(),
  Snodo.Envelope.t(),
  direction()
) ::
  :ok | {:error, Snodo.Error.t()}


      


Inspects one externally registered exact method rule.

  


        

      


  

    
Snodo.Protocol.Profile 
    



      
Immutable, exact-revision protocol facts used by admission and support reports.
A profile catalogs one pinned revision and distinguishes implemented rules
from known-but-unsupported rules. Admission executes only the implemented
subset; catalog completeness is not a claim of full conformance.

      


      
        Summary


  
    Types
  


    
      
        batching()

      


    


    
      
        metadata_policy()

      


    


    
      
        scope()

      


    


    
      
        status()

      


    


    
      
        t()

      


    


    
      
        transport_status()

      


    





      


      
        Types


        


  
    
      
    
    
      batching()



        
          
        

    

  


  

      

          @type batching() :: :allowed | :forbidden


      



  



  
    
      
    
    
      metadata_policy()



        
          
        

    

  


  

      

          @type metadata_policy() :: %{
  request: :required | :optional,
  notification: :required | :optional
}


      



  



  
    
      
    
    
      scope()



        
          
        

    

  


  

      

          @type scope() :: :complete | :implemented_slice


      



  



  
    
      
    
    
      status()



        
          
        

    

  


  

      

          @type status() :: :released | :experimental | :deprecated


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Protocol.Profile{
  batching: batching(),
  capabilities: [String.t()],
  era: :session | :stateless,
  limitations: %{optional(atom()) => atom() | String.t()},
  methods: [Snodo.Protocol.Profile.Method.t()],
  request_metadata: metadata_policy(),
  scope: scope(),
  specification: String.t(),
  status: status(),
  transports: %{optional(atom()) => transport_status()},
  version: String.t()
}


      



  



  
    
      
    
    
      transport_status()



        
          
        

    

  


  

      

          @type transport_status() :: :tested | :implemented | :unsupported | :unmeasured


      



  


        

      


  

    
Snodo.Protocol.Profile.Method 
    



      
A declarative method rule for one exact MCP protocol profile.

      


      
        Summary


  
    Types
  


    
      
        direction()

      


    


    
      
        kind()

      


    


    
      
        lifecycle()

      


    


    
      
        params_policy()

      


    


    
      
        placement()

      


    


    
      
        status()

      


    


    
      
        t()

      


    


    
      
        validator()

      


    





      


      
        Types


        


  
    
      
    
    
      direction()



        
          
        

    

  


  

      

          @type direction() :: :client_to_server | :server_to_client


      



  



  
    
      
    
    
      kind()



        
          
        

    

  


  

      

          @type kind() :: :request | :notification


      



  



  
    
      
    
    
      lifecycle()



        
          
        

    

  


  

      

          @type lifecycle() :: :active | :deprecated


      



  



  
    
      
    
    
      params_policy()



        
          
        

    

  


  

      

          @type params_policy() :: :required | :optional


      



  



  
    
      
    
    
      placement()



        
          
        

    

  


  

      

          @type placement() :: :top_level | :mrtr_embedded


      



  



  
    
      
    
    
      status()



        
          
        

    

  


  

      

          @type status() :: :implemented | :unsupported


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Protocol.Profile.Method{
  capability: String.t() | nil,
  directions: [direction()],
  kind: kind(),
  lifecycle: lifecycle(),
  name: String.t(),
  params: params_policy(),
  placement: placement(),
  status: status(),
  validator: validator() | nil
}


      



  



  
    
      
    
    
      validator()



        
          
        

    

  


  

      

          @type validator() :: {module(), atom()}


      



  


        

      


  

    
Snodo.Protocol.Registry 
    



      
An immutable, explicitly configured registry of protocol dialects.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Snodo.Protocol.Registry{
  by_version: %{optional(String.t()) => module()},
  protocols: [module()]
}


      



  


        

      


  

    
Snodo.Protocol.V2025_06_18 
    



      
Opt-in MCP 2025-06-18 dialect for HTTP and stdio; no server-initiated requests.

      




  

    
Snodo.Protocol.V2025_11_25 
    



      
Opt-in MCP 2025-11-25 dialect for HTTP and stdio; Tasks are not implemented.

      




  

    
Snodo.Protocol.V2026_07_28 
    



      
Minimal server dialect for MCP 2026-07-28.

      


      
        Summary


  
    Functions
  


    
      
        client_capabilities_key()

      


        Returns "io.modelcontextprotocol/clientCapabilities", the request _meta
key for the client's capabilities. Every request must carry it.



    


    
      
        client_info_key()

      


        Returns "io.modelcontextprotocol/clientInfo", the optional request _meta
key for the client's implementation name and version.



    


    
      
        protocol_version_key()

      


        Returns "io.modelcontextprotocol/protocolVersion", the request _meta key
for the protocol version. Every request must carry it.



    


    
      
        server_info_key()

      


        Returns "io.modelcontextprotocol/serverInfo", the result _meta key under
which the server sends the runtime's server_info with every result.



    





      


      
        Functions


        


  
    
      
    
    
      client_capabilities_key()



        
          
        

    

  


  

Returns "io.modelcontextprotocol/clientCapabilities", the request _meta
key for the client's capabilities. Every request must carry it.

  



  
    
      
    
    
      client_info_key()



        
          
        

    

  


  

Returns "io.modelcontextprotocol/clientInfo", the optional request _meta
key for the client's implementation name and version.

  



  
    
      
    
    
      protocol_version_key()



        
          
        

    

  


  

Returns "io.modelcontextprotocol/protocolVersion", the request _meta key
for the protocol version. Every request must carry it.

  



  
    
      
    
    
      server_info_key()



        
          
        

    

  


  

Returns "io.modelcontextprotocol/serverInfo", the result _meta key under
which the server sends the runtime's server_info with every result.

  


        

      


  

    
mix snodo.catalog 
    



      
Renders the catalog a client can discover as Markdown.
mix snodo.catalog --server MyApp.Server --output catalog.md
mix snodo.catalog --url http://127.0.0.1:4000/mcp
Exactly one of --server and --url is required. A local server must expose
runtime/0; --url connects through Snodo.Client to a running Streamable
HTTP server. Both paths use the client's discovery and paginated list calls,
so the document reflects the selected protocol's visible catalog. Output
goes to stdout unless --output PATH is given.
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