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    LICENSE


                                 Apache License
                           Version 2.0, January 2004
                        http://www.apache.org/licenses/

   TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

   1. Definitions.

      "License" shall mean the terms and conditions for use, reproduction,
      and distribution as defined by Sections 1 through 9 of this document.

      "Licensor" shall mean the copyright owner or entity authorized by
      the copyright owner that is granting the License.

      "Legal Entity" shall mean the union of the acting entity and all
      other entities that control, are controlled by, or are under common
      control with that entity. For the purposes of this definition,
      "control" means (i) the power, direct or indirect, to cause the
      direction or management of such entity, whether by contract or
      otherwise, or (ii) ownership of fifty percent (50%) or more of the
      outstanding shares, or (iii) beneficial ownership of such entity.

      "You" (or "Your") shall mean an individual or Legal Entity
      exercising permissions granted by this License.

      "Source" form shall mean the preferred form for making modifications,
      including but not limited to software source code, documentation
      source, and configuration files.

      "Object" form shall mean any form resulting from mechanical
      transformation or translation of a Source form, including but
      not limited to compiled object code, generated documentation,
      and conversions to other media types.

      "Work" shall mean the work of authorship, whether in Source or
      Object form, made available under the License, as indicated by a
      copyright notice that is included in or attached to the work
      (an example is provided in the Appendix below).

      "Derivative Works" shall mean any work, whether in Source or Object
      form, that is based on (or derived from) the Work and for which the
      editorial revisions, annotations, elaborations, or other modifications
      represent, as a whole, an original work of authorship. For the purposes
      of this License, Derivative Works shall not include works that remain
      separable from, or merely link (or bind by name) to the interfaces of,
      the Work and Derivative Works thereof.

      "Contribution" shall mean any work of authorship, including
      the original version of the Work and any modifications or additions
      to that Work or Derivative Works thereof, that is intentionally
      submitted to Licensor for inclusion in the Work by the copyright owner
      or by an individual or Legal Entity authorized to submit on behalf of
      the copyright owner. For the purposes of this definition, "submitted"
      means any form of electronic, verbal, or written communication sent
      to the Licensor or its representatives, including but not limited to
      communication on electronic mailing lists, source code control systems,
      and issue tracking systems that are managed by, or on behalf of, the
      Licensor for the purpose of discussing and improving the Work, but
      excluding communication that is conspicuously marked or otherwise
      designated in writing by the copyright owner as "Not a Contribution."

      "Contributor" shall mean Licensor and any individual or Legal Entity
      on behalf of whom a Contribution has been received by Licensor and
      subsequently incorporated within the Work.

   2. Grant of Copyright License. Subject to the terms and conditions of
      this License, each Contributor hereby grants to You a perpetual,
      worldwide, non-exclusive, no-charge, royalty-free, irrevocable
      copyright license to reproduce, prepare Derivative Works of,
      publicly display, publicly perform, sublicense, and distribute the
      Work and such Derivative Works in Source or Object form.

   3. Grant of Patent License. Subject to the terms and conditions of
      this License, each Contributor hereby grants to You a perpetual,
      worldwide, non-exclusive, no-charge, royalty-free, irrevocable
      (except as stated in this section) patent license to make, have made,
      use, offer to sell, sell, import, and otherwise transfer the Work,
      where such license applies only to those patent claims licensable
      by such Contributor that are necessarily infringed by their
      Contribution(s) alone or by combination of their Contribution(s)
      with the Work to which such Contribution(s) was submitted. If You
      institute patent litigation against any entity (including a
      cross-claim or counterclaim in a lawsuit) alleging that the Work
      or a Contribution incorporated within the Work constitutes direct
      or contributory patent infringement, then any patent licenses
      granted to You under this License for that Work shall terminate
      as of the date such litigation is filed.

   4. Redistribution. You may reproduce and distribute copies of the
      Work or Derivative Works thereof in any medium, with or without
      modifications, and in Source or Object form, provided that You
      meet the following conditions:

      (a) You must give any other recipients of the Work or
          Derivative Works a copy of this License; and

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

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

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

      You may add Your own copyright statement to Your modifications and
      may provide additional or different license terms and conditions
      for use, reproduction, or distribution of Your modifications, or
      for any such Derivative Works as a whole, provided Your use,
      reproduction, and distribution of the Work otherwise complies with
      the conditions stated in this License.

   5. Submission of Contributions. Unless You explicitly state otherwise,
      any Contribution intentionally submitted for inclusion in the Work
      by You to the Licensor shall be under the terms and conditions of
      this License, without any additional terms or conditions.
      Notwithstanding the above, nothing herein shall supersede or modify
      the terms of any separate license agreement you may have executed
      with Licensor regarding such Contributions.

   6. Trademarks. This License does not grant permission to use the trade
      names, trademarks, service marks, or product names of the Licensor,
      except as required for reasonable and customary use in describing the
      origin of the Work and reproducing the content of the NOTICE file.

   7. Disclaimer of Warranty. Unless required by applicable law or
      agreed to in writing, Licensor provides the Work (and each
      Contributor provides its Contributions) on an "AS IS" BASIS,
      WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
      implied, including, without limitation, any warranties or conditions
      of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
      PARTICULAR PURPOSE. You are solely responsible for determining the
      appropriateness of using or redistributing the Work and assume any
      risks associated with Your exercise of permissions under this License.

   8. Limitation of Liability. In no event and under no legal theory,
      whether in tort (including negligence), contract, or otherwise,
      unless required by applicable law (such as deliberate and grossly
      negligent acts) or agreed to in writing, shall any Contributor be
      liable to You for damages, including any direct, indirect, special,
      incidental, or consequential damages of any character arising as a
      result of this License or out of the use or inability to use the
      Work (including but not limited to damages for loss of goodwill,
      work stoppage, computer failure or malfunction, or any and all
      other commercial damages or losses), even if such Contributor
      has been advised of the possibility of such damages.

   9. Accepting Warranty or Additional Liability. While redistributing
      the Work or Derivative Works thereof, You may choose to offer,
      and charge a fee for, acceptance of support, warranty, indemnity,
      or other liability obligations and/or rights consistent with this
      License. However, in accepting such obligations, You may act only
      on Your own behalf and on Your sole responsibility, not on behalf
      of any other Contributor, and only if You agree to indemnify,
      defend, and hold each Contributor harmless for any liability
      incurred by, or claims asserted against, such Contributor by reason
      of your accepting any such warranty or additional liability.

   END OF TERMS AND CONDITIONS

   APPENDIX: How to apply the Apache License to your work.

      To apply the Apache License to your work, attach the following
      boilerplate notice, with the fields enclosed by brackets "[]"
      replaced with your own identifying information. (Don't include
      the brackets!)  The text should be enclosed in the appropriate
      comment syntax for the file format. We also recommend that a
      file or class name and description of purpose be included on the
      same "printed page" as the copyright notice for easier
      identification within third-party archives.

   Copyright [yyyy] [name of copyright owner]

   Licensed under the Apache License, Version 2.0 (the "License");
   you may not use this file except in compliance with the License.
   You may obtain a copy of the License at

       http://www.apache.org/licenses/LICENSE-2.0

   Unless required by applicable law or agreed to in writing, software
   distributed under the License is distributed on an "AS IS" BASIS,
   WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
   See the License for the specific language governing permissions and
   limitations under the License.
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    Hermolaos Architecture

This document describes the internal architecture of the Hermolaos MCP client library.
Overview
Hermolaos is an Elixir client for the Model Context Protocol (MCP). It provides a clean API for connecting to MCP servers and invoking tools, reading resources, and using prompts.
┌─────────────────────────────────────────────────────────────┐
│                      Application                            │
├─────────────────────────────────────────────────────────────┤
│                       Hermolaos API                            │
│    connect/2, list_tools/1, call_tool/3, ping/1, etc.       │
├─────────────────────────────────────────────────────────────┤
│                    Hermolaos.Pool (optional)                   │
│            Connection pooling & load balancing              │
├─────────────────────────────────────────────────────────────┤
│                  Hermolaos.Client.Connection                   │
│           GenServer state machine per connection            │
├────────────────────────┬────────────────────────────────────┤
│   Transport Layer      │       Protocol Layer               │
│  ┌──────────────────┐  │  ┌──────────────────────────────┐  │
│  │ Transport.Stdio  │  │  │ Protocol.JsonRpc             │  │
│  │ Transport.HTTP   │  │  │ Protocol.Messages            │  │
│  │ MessageBuffer    │  │  │ Protocol.Capabilities        │  │
│  └──────────────────┘  │  │ Protocol.Errors              │  │
│                        │  └──────────────────────────────┘  │
├────────────────────────┴────────────────────────────────────┤
│               Client Support Modules                        │
│     RequestTracker (ETS) │ NotificationHandler              │
└─────────────────────────────────────────────────────────────┘
Module Structure
Public API (lib/hermolaos.ex)
The main entry point for users. Provides a simple, consistent API that delegates to the underlying connection management.
Key functions:
	connect/2 - Establish a new MCP connection
	disconnect/1 - Close a connection
	list_tools/1, call_tool/3 - Tool operations
	list_resources/1, read_resource/2 - Resource operations
	list_prompts/1, get_prompt/3 - Prompt operations
	ping/1 - Health check

Connection Management (lib/hermolaos/client/connection.ex)
A GenServer that manages the lifecycle of a single MCP connection. Implements a state machine:
┌──────────────┐     ┌────────────────┐     ┌───────────────┐     ┌─────────┐
│ disconnected │────▶│   connecting   │────▶│ initializing  │────▶│  ready  │
└──────────────┘     └────────────────┘     └───────────────┘     └─────────┘
       ▲                                                                │
       └────────────────────── error/disconnect ────────────────────────┘
States:
	disconnected: Initial state, no transport active
	connecting: Transport is starting up
	initializing: MCP initialize handshake in progress
	ready: Connection is fully established, can process requests

Transport Layer
Transport Behaviour (lib/hermolaos/transport/behaviour.ex)
Defines the interface that all transports must implement:
@callback start_link(opts :: keyword()) :: GenServer.on_start()
@callback send_message(transport :: t(), message :: binary()) :: :ok | {:error, term()}
@callback stop(transport :: t()) :: :ok
Stdio Transport (lib/hermolaos/transport/stdio.ex)
Uses Erlang ports to communicate with subprocess MCP servers:
┌─────────────────┐                    ┌─────────────────┐
│  Hermolaos Client  │                    │   MCP Server    │
│                 │                    │   (subprocess)  │
│  ┌───────────┐  │     stdin/stdout   │                 │
│  │   Port    │──┼────────────────────┼──▶ server.exe   │
│  └───────────┘  │                    │                 │
└─────────────────┘                    └─────────────────┘
Features:
	Spawns server as subprocess via Port.open/2
	Binary, line-based communication
	Automatic process cleanup on connection close
	Environment variable passthrough

HTTP Transport (lib/hermolaos/transport/http.ex)
Uses Req to communicate with HTTP-based MCP servers:
┌─────────────────┐                    ┌─────────────────┐
│  Hermolaos Client  │      HTTP POST     │   MCP Server    │
│                 │────────────────────▶│   (HTTP)        │
│  ┌───────────┐  │◀────────────────────│                 │
│  │    Req    │  │   JSON / SSE       │                 │
│  └───────────┘  │                    └─────────────────┘
└─────────────────┘
Features:
	JSON-RPC over HTTP POST
	Server-Sent Events (SSE) for streaming responses
	Session ID tracking via Mcp-Session-Id header
	Connection pooling via Finch (Req's HTTP client)

Message Buffer (lib/hermolaos/transport/message_buffer.ex)
Handles the newline-delimited JSON format used by MCP:
{"jsonrpc":"2.0","id":1,"method":"ping"}\n
{"jsonrpc":"2.0","id":2,"method":"tools/list"}\n
Features:
	Accumulates partial data chunks
	Extracts complete messages on newline boundaries
	Handles edge cases (empty lines, partial JSON)
	Tracks statistics (bytes received, parse errors)

Protocol Layer
JSON-RPC (lib/hermolaos/protocol/json_rpc.ex)
Implements JSON-RPC 2.0 message encoding/decoding:
Message types:
	Request: {id, method, params} - Expects response
	Notification: {method, params} - No response expected
	Response: {id, result} - Success response
	Error Response: {id, error} - Error response

Messages (lib/hermolaos/protocol/messages.ex)
Builds MCP-specific message payloads:
Messages.initialize(client_info, capabilities)
Messages.tools_list()
Messages.tools_call("tool_name", %{arg: "value"})
Messages.resources_read("file:///path")
Capabilities (lib/hermolaos/protocol/capabilities.ex)
Handles capability negotiation between client and server:
# Client capabilities (what we support)
%{
  "roots" => %{"listChanged" => true},
  "sampling" => %{}
}

# Server capabilities (what server supports)
%{
  "tools" => %{},
  "resources" => %{"subscribe" => true},
  "prompts" => %{}
}
Errors (lib/hermolaos/protocol/errors.ex)
Defines MCP error codes and provides helpers:
	Code	Name	Description
	-32700	Parse Error	Invalid JSON
	-32600	Invalid Request	Not a valid JSON-RPC request
	-32601	Method Not Found	Unknown method
	-32602	Invalid Params	Invalid method parameters
	-32603	Internal Error	Internal JSON-RPC error
	-32001	Request Timeout	Request timed out
	-32002	Resource Not Found	Resource doesn't exist
	-32003	Capability Not Supported	Server doesn't support capability

Request Tracking (lib/hermolaos/client/request_tracker.ex)
ETS-backed storage for correlating requests with responses:
┌────────────────────────────────────────────────────────────┐
│                     ETS Table                              │
├────────┬─────────────┬────────────────┬───────────────────┤
│   ID   │   Method    │     From       │    Timeout Ref    │
├────────┼─────────────┼────────────────┼───────────────────┤
│    1   │ tools/list  │ {pid, ref}     │ #Reference<...>   │
│    2   │ ping        │ {pid, ref}     │ #Reference<...>   │
└────────┴─────────────┴────────────────┴───────────────────┘
Features:
	O(1) lookups via ETS
	Monotonically increasing integer IDs
	Automatic timeout handling with per-request timers
	Statistics tracking (tracked, completed, failed, timed out)

Notification Handling (lib/hermolaos/client/notification_handler.ex)
Behaviour for handling server-initiated messages:
defmodule MyHandler do
  @behaviour Hermolaos.Client.NotificationHandler

  @impl true
  def handle_notification({:notification, "notifications/tools/list_changed", _}, state) do
    # Tools list changed, maybe refresh cache
    {:ok, state}
  end
end
Built-in handlers:
	DefaultNotificationHandler - Logs notifications
	PubSubNotificationHandler - Broadcasts via Phoenix.PubSub or Registry

Connection Pool (lib/hermolaos/pool.ex)
Manages multiple connections for high-throughput scenarios:
┌─────────────────────────────────────────────────────────────┐
│                      Hermolaos.Pool                            │
│                                                             │
│  ┌─────────────────────────────────────────────────────┐   │
│  │              DynamicSupervisor                       │   │
│  │                                                      │   │
│  │  ┌──────────┐  ┌──────────┐  ┌──────────┐           │   │
│  │  │ Conn #1  │  │ Conn #2  │  │ Conn #3  │  ...      │   │
│  │  └──────────┘  └──────────┘  └──────────┘           │   │
│  └─────────────────────────────────────────────────────┘   │
│                                                             │
│  Strategies: :round_robin | :random | :least_busy          │
└─────────────────────────────────────────────────────────────┘
Request Flow
Making a Tool Call
1. User calls Hermolaos.call_tool(conn, "tool_name", args)
   │
2. Connection.call_tool/3 called
   │
3. RequestTracker assigns ID and stores caller info
   │
4. Message built: Messages.tools_call("tool_name", args)
   │
5. JSON-RPC encoded: JsonRpc.encode_request(id, "tools/call", params)
   │
6. Transport.send_message(transport, json)
   │
7. Transport sends to server (stdio/HTTP)
   │
   ▼ (async - server processing)
   │
8. Server response arrives at transport
   │
9. MessageBuffer extracts complete JSON message
   │
10. JsonRpc.decode/1 parses response
    │
11. RequestTracker.complete/2 retrieves caller
    │
12. GenServer.reply(from, {:ok, result})
    │
13. User receives {:ok, %{content: [...]}}
MCP Initialization Handshake
Client                                  Server
   │                                       │
   │──── initialize ─────────────────────▶│
   │     {protocolVersion, clientInfo,     │
   │      capabilities}                    │
   │                                       │
   │◀──── response ────────────────────────│
   │     {protocolVersion, serverInfo,     │
   │      capabilities}                    │
   │                                       │
   │──── notifications/initialized ──────▶│
   │     (no response expected)            │
   │                                       │
   │        Connection Ready               │
Concurrency Model
	Each Connection is an isolated GenServer (crash isolation)
	RequestTracker uses ETS for concurrent-safe lookups
	Pool uses DynamicSupervisor for connection management
	Transports handle I/O asynchronously

Error Handling
Transport Errors
	Connection closed → All pending requests failed
	Send error → Request fails immediately
	Process crash → Supervisor restarts transport

Protocol Errors
	Parse error → Error response to client
	Invalid request → Error response to client
	Timeout → Request fails with timeout error

Request Errors
	Server returns error → Wrapped in Hermolaos.Error
	Timeout → {:error, %Hermolaos.Error{code: -32001}}
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    Design Decisions

This document explains the key architectural and implementation decisions made in Hermolaos.
Why Build From Scratch?
While existing Elixir MCP libraries exist (hermes_mcp, anubis_mcp), we chose to build from scratch for several reasons:
	Full control over design - Custom architecture optimized for our use cases
	HTTP client choice - We specifically wanted to use Req for its modern API and Finch-based performance
	Learning opportunity - Deep understanding of MCP protocol internals
	Minimal dependencies - Only essential dependencies, no framework lock-in

Transport Layer Decisions
Stdio Transport: Erlang Ports vs NIFs
Decision: Use Erlang Ports
Rationale:
	Ports provide process isolation - a crashing server doesn't crash the BEAM
	Simpler implementation, no need for C code
	Good enough performance for stdio (not a bottleneck)
	Easier debugging and tracing

Trade-offs:
	Slightly higher latency than NIFs
	Extra process for each connection

HTTP Transport: Req vs HTTPoison/Tesla
Decision: Use Req
Rationale:
	Modern, functional API with pipelines
	Built on Finch for connection pooling
	First-class support for streaming responses
	Active development and Elixir core team involvement
	Simpler configuration than HTTPoison

Trade-offs:
	Newer library, smaller ecosystem
	Requires Elixir 1.12+

Message Buffering Strategy
Decision: Simple binary accumulation with newline splitting
Rationale:
	MCP uses newline-delimited JSON (simple protocol)
	Binary operations in Elixir are efficient
	No need for complex framing or length-prefixed messages
	Easy to debug and test

Alternative Considered:
	Using a proper streaming JSON parser - rejected as overkill for the protocol

State Management Decisions
Request Tracking: ETS vs GenServer State
Decision: ETS-backed request tracking
Rationale:
	O(1) lookups regardless of pending request count
	Concurrent reads without GenServer bottleneck
	Natural fit for request/response correlation
	Survives GenServer state updates

Trade-offs:
	Extra complexity vs simple Map in state
	Need to clean up ETS table on termination

Connection State Machine
Decision: Explicit state machine with atoms (:disconnected, :connecting, :initializing, :ready)
Rationale:
	MCP has a clear lifecycle that maps to states
	Makes invalid state transitions explicit
	Easy to reason about and test
	Clear logging of state transitions

Alternative Considered:
	Using gen_statem - rejected as overkill for this simple state machine

Concurrency Decisions
Process Architecture
Decision: One GenServer per connection
Rationale:
	Crash isolation - one bad connection doesn't affect others
	Natural fit for Elixir/OTP supervision
	Easy to scale (just add more connections)
	State encapsulation per connection

Pool Strategy
Decision: DynamicSupervisor with atomics-based round-robin
Rationale:
	DynamicSupervisor allows runtime connection add/remove
	Atomics for counter is lock-free
	Round-robin is simple and effective for most cases
	Easy to add other strategies later

Trade-offs:
	Not as sophisticated as NimblePool
	No connection health checking (future enhancement)

API Design Decisions
Functional API vs Object-Oriented
Decision: Functional API with connection as first argument
# Our approach
Hermolaos.call_tool(conn, "tool", args)

# Alternative (OOP-style)
conn |> Hermolaos.call_tool("tool", args)
Rationale:
	Idiomatic Elixir
	Easy to compose with pipes
	Consistent with other Elixir libraries (Ecto, etc.)

Error Representation
Decision: Tagged tuples with custom error struct
{:error, %Hermolaos.Error{code: -32601, message: "Method not found"}}
Rationale:
	Consistent with Elixir conventions
	Preserves full error information from server
	Can be pattern matched on code or message
	Struct provides nice inspection/printing

Notification Handling
Decision: Behaviour-based callbacks
Rationale:
	Flexible - users implement what they need
	Optional - can use default handler or ignore
	Testable - easy to mock in tests
	Composable - can chain handlers

Alternative Considered:
	Event-based with Registry/PubSub - implemented as optional PubSubNotificationHandler

Protocol Implementation Decisions
JSON Library
Decision: Jason
Rationale:
	De facto standard in Elixir ecosystem
	Excellent performance
	Well-maintained
	Good error messages

Message Builders
Decision: Functions returning maps with "method" and "params" keys
Messages.tools_call("name", %{})
# => %{"method" => "tools/call", "params" => %{"name" => "name", "arguments" => %{}}}
Rationale:
	Self-describing - includes method name
	Easy to extend with validation later
	Can be used with any transport

Capability Negotiation
Decision: Simple intersection-based matching
Rationale:
	MCP capabilities are straightforward
	No complex version negotiation needed
	Easy to extend as MCP evolves

Testing Decisions
Mock Server Approach
Decision: In-process mock server for protocol testing
Rationale:
	Fast - no actual subprocess/HTTP overhead
	Deterministic - no timing issues
	Easy to test edge cases and errors
	Can verify exact protocol compliance

Test Organization
Decision: Separate unit and integration tests
	test/hermolaos/ - Unit tests per module
	test/integration/ - End-to-end protocol tests

Rationale:
	Unit tests are fast and focused
	Integration tests verify the full stack
	Clear separation of concerns

Performance Considerations
Non-Blocking Design
All operations are designed to be non-blocking:
	Transport sends are async (cast + callback)
	Request tracking uses ETS (no GenServer blocking)
	Timeout handling uses Process timers
	Pool checkout is lock-free (atomics counter)

Memory Efficiency
	Binary references preserved where possible
	ETS for large datasets (request tracking)
	Streaming support for large responses (future)

Future Considerations
Potential Enhancements
	Connection health checking - Periodic pings to detect dead connections
	Automatic reconnection - Transparent recovery from transport failures
	Request retry - Automatic retry with backoff for transient errors
	Telemetry integration - Emit telemetry events for monitoring
	Connection warm-up - Pre-establish connections before needed

Protocol Evolution
The design accommodates MCP protocol evolution:
	Version negotiation during initialization
	Capability-based feature detection
	Message builders can add new methods easily
	Error codes are easily extensible

References
	MCP Specification
	JSON-RPC 2.0 Specification
	Req Documentation
	Erlang Port Documentation
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Hermolaos.Client.DefaultNotificationHandler 
    



      
Default notification handler that logs events.
This handler is useful for debugging and as a reference implementation.
Usage
{:ok, conn} = Hermolaos.Client.Connection.start_link(
  transport: :stdio,
  command: "my-server",
  notification_handler: Hermolaos.Client.DefaultNotificationHandler
)
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Hermolaos.Client.PubSubNotificationHandler 
    



      
Notification handler that broadcasts events via Phoenix.PubSub or Registry.
This handler allows multiple processes to subscribe to MCP notifications.
Usage with Phoenix.PubSub
{:ok, conn} = Hermolaos.Client.Connection.start_link(
  transport: :stdio,
  command: "my-server",
  notification_handler: {
    Hermolaos.Client.PubSubNotificationHandler,
    %{pubsub: MyApp.PubSub, topic: "mcp:events"}
  }
)

# Subscribe in another process
Phoenix.PubSub.subscribe(MyApp.PubSub, "mcp:events")

receive do
  {:mcp_notification, method, params} -> ...
end
Usage with Registry
{:ok, conn} = Hermolaos.Client.Connection.start_link(
  transport: :stdio,
  command: "my-server",
  notification_handler: {
    Hermolaos.Client.PubSubNotificationHandler,
    %{registry: MyApp.MCPRegistry, key: "mcp_events"}
  }
)
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MCP (Model Context Protocol) client for Elixir.
Hermolaos provides a complete implementation of the Model Context Protocol,
enabling Elixir applications to connect to MCP servers and access their
tools, resources, and prompts.
Quick Start
# Connect to a local MCP server via stdio
{:ok, client} = Hermolaos.connect(:stdio,
  command: "npx",
  args: ["-y", "@modelcontextprotocol/server-filesystem", "/tmp"]
)

# List available tools
{:ok, tools} = Hermolaos.list_tools(client)

# Call a tool
{:ok, result} = Hermolaos.call_tool(client, "read_file", %{"path" => "/tmp/test.txt"})

# Disconnect when done
:ok = Hermolaos.disconnect(client)
Transports
Hermolaos supports two transport mechanisms:
Stdio Transport
Launches an MCP server as a subprocess and communicates via stdin/stdout.
{:ok, client} = Hermolaos.connect(:stdio,
  command: "/path/to/server",
  args: ["--arg1", "value"],
  env: [{"DEBUG", "1"}]
)
HTTP Transport
Connects to a remote MCP server via HTTP/SSE.
{:ok, client} = Hermolaos.connect(:http,
  url: "http://localhost:3000/mcp",
  headers: [{"authorization", "Bearer token"}]
)
Error Handling
All operations return {:ok, result} or {:error, reason}. Errors
are typically Hermolaos.Protocol.Errors structs with error codes.
case Hermolaos.call_tool(client, "unknown_tool", %{}) do
  {:ok, result} -> handle_result(result)
  {:error, %Hermolaos.Protocol.Errors{code: -32601}} -> IO.puts("Tool not found")
  {:error, reason} -> IO.puts("Error: #{inspect(reason)}")
end
Notification Handling
To receive server notifications, configure a notification handler:
defmodule MyHandler do
  @behaviour Hermolaos.Client.NotificationHandler

  @impl true
  def handle_notification({:notification, method, params}, state) do
    IO.puts("Got notification: #{method}")
    {:ok, state}
  end
end

{:ok, client} = Hermolaos.connect(:stdio,
  command: "my-server",
  notification_handler: {MyHandler, %{}}
)
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        client()

      


    


    
      
        transport()

      


    





  
    Functions
  


    
      
        call_tool(client, name, arguments, opts \\ [])

      


        Calls a tool with the given arguments.



    


    
      
        cancel(client, request_id, reason \\ nil)

      


        Sends a cancellation notification for a pending request.



    


    
      
        complete(client, ref, argument, opts \\ [])

      


        Requests argument completion suggestions.



    


    
      
        connect(transport, opts \\ [])

      


        Connects to an MCP server.



    


    
      
        disconnect(client)

      


        Disconnects from the MCP server.



    


    
      
        get_image(arg1)

      


        Extracts image data from a tool call result.



    


    
      
        get_images(arg1)

      


        Extracts all images from a tool call result.



    


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

      


        Gets a prompt by name, optionally with argument values.



    


    
      
        get_text(arg1)

      


        Extracts text content from a tool call result.



    


    
      
        list_prompts(client, opts \\ [])

      


        Lists available prompts on the server.



    


    
      
        list_resource_templates(client, opts \\ [])

      


        Lists resource templates on the server.



    


    
      
        list_resources(client, opts \\ [])

      


        Lists available resources on the server.



    


    
      
        list_tools(client, opts \\ [])

      


        Lists available tools on the server.



    


    
      
        ping(client, opts \\ [])

      


        Sends a ping to check server liveness.



    


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

      


        Reads a resource by URI.



    


    
      
        server_capabilities(client)

      


        Gets server capabilities from the initialization response.



    


    
      
        server_info(client)

      


        Gets server information from the initialization response.



    


    
      
        set_log_level(client, level)

      


        Sets the server's logging level.



    


    
      
        status(client)

      


        Gets the current connection status.



    


    
      
        subscribe_resource(client, uri)

      


        Subscribes to resource updates.



    


    
      
        unsubscribe_resource(client, uri)

      


        Unsubscribes from resource updates.
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          @type client() :: Hermolaos.Client.Connection.t()
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          @type transport() :: :stdio | :http


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      call_tool(client, name, arguments, opts \\ [])



        
          
        

    

  


  

      

          @spec call_tool(client(), String.t(), map(), keyword()) ::
  {:ok, map()} | {:error, term()}


      


Calls a tool with the given arguments.
Parameters
	client - The MCP client
	name - Tool name
	arguments - Tool arguments map
	opts - Options:	:timeout - Request timeout override



Returns
	{:ok, %{content: [...], isError: false}} - Success (atom keys)
	{:ok, %{content: [...], isError: true}} - Tool error
	{:error, reason} - Protocol error

Examples
{:ok, result} = Hermolaos.call_tool(client, "read_file", %{"path" => "/tmp/test.txt"})

case result do
  %{isError: false, content: content} ->
    for item <- content do
      case item do
        %{type: "text", text: text} -> IO.puts(text)
        %{type: "image", data: data} -> File.write!("image.png", Base.decode64!(data))
      end
    end

  %{isError: true, content: content} ->
    IO.puts("Tool error: #{inspect(content)}")
end

  



    

  
    
      
    
    
      cancel(client, request_id, reason \\ nil)



        
          
        

    

  


  

      

          @spec cancel(client(), integer() | String.t(), String.t() | nil) ::
  :ok | {:error, term()}


      


Sends a cancellation notification for a pending request.
Examples
:ok = Hermolaos.cancel(client, request_id)

  



    

  
    
      
    
    
      complete(client, ref, argument, opts \\ [])



        
          
        

    

  


  

      

          @spec complete(client(), map(), map(), keyword()) :: {:ok, map()} | {:error, term()}


      


Requests argument completion suggestions.
Parameters
	client - The MCP client
	ref - Reference object (prompt or resource)
	argument - Argument to complete

Examples
ref = %{"type" => "ref/prompt", "name" => "code_review"}
argument = %{"name" => "language", "value" => "eli"}
{:ok, completions} = Hermolaos.complete(client, ref, argument)

  



    

  
    
      
    
    
      connect(transport, opts \\ [])



        
          
        

    

  


  

      

          @spec connect(
  transport(),
  keyword()
) :: {:ok, client()} | {:error, term()}


      


Connects to an MCP server.
Parameters
	transport - Either :stdio or :http
	opts - Transport-specific options

Stdio Options
	:command - Command to execute (required)
	:args - Command arguments (default: [])
	:env - Environment variables as [{name, value}] (default: [])
	:cd - Working directory (optional)

HTTP Options
	:url - Server endpoint URL (required)
	:headers - Additional HTTP headers (default: [])
	:req_options - Options passed to Req (default: [])

Common Options
	:client_info - Client identification map (default: Hermolaos info)
	:capabilities - Client capabilities (default: standard)
	:notification_handler - Module or {module, state} for notifications
	:timeout - Default request timeout in ms (default: 30000)
	:name - GenServer name (optional)

Examples
# Stdio with npx
{:ok, client} = Hermolaos.connect(:stdio,
  command: "npx",
  args: ["-y", "@modelcontextprotocol/server-filesystem", "/tmp"]
)

# HTTP with authentication
{:ok, client} = Hermolaos.connect(:http,
  url: "https://api.example.com/mcp",
  headers: [{"authorization", "Bearer token123"}]
)

# Named connection
{:ok, _} = Hermolaos.connect(:stdio,
  command: "my-server",
  name: MyApp.MCPClient
)
# Later: Hermolaos.list_tools(MyApp.MCPClient)

  



  
    
      
    
    
      disconnect(client)



        
          
        

    

  


  

      

          @spec disconnect(client()) :: :ok


      


Disconnects from the MCP server.
This gracefully closes the connection, cleaning up resources.
Examples
:ok = Hermolaos.disconnect(client)

  



  
    
      
    
    
      get_image(arg1)



        
          
        

    

  


  

      

          @spec get_image(map()) :: {:ok, binary()} | :error


      


Extracts image data from a tool call result.
Returns the base64-decoded binary image data.
Examples
{:ok, result} = Hermolaos.call_tool(client, "browser_take_screenshot", %{})
case Hermolaos.get_image(result) do
  {:ok, image_data} -> File.write!("screenshot.png", image_data)
  :error -> IO.puts("No image in response")
end

  



  
    
      
    
    
      get_images(arg1)



        
          
        

    

  


  

      

          @spec get_images(map()) :: [binary()]


      


Extracts all images from a tool call result.
Returns a list of base64-decoded binary image data.
Examples
{:ok, result} = Hermolaos.call_tool(client, "get_images", %{})
images = Hermolaos.get_images(result)
Enum.with_index(images, fn data, i ->
  File.write!("image_#{i}.png", data)
end)

  



    

    

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



        
          
        

    

  


  

      

          @spec get_prompt(client(), String.t(), map(), keyword()) ::
  {:ok, map()} | {:error, term()}


      


Gets a prompt by name, optionally with argument values.
Parameters
	client - The MCP client
	name - Prompt name
	arguments - Argument values map (default: %{})
	opts - Options

Examples
{:ok, prompt} = Hermolaos.get_prompt(client, "code_review")
{:ok, prompt} = Hermolaos.get_prompt(client, "summarize", %{"language" => "elixir"})

  



  
    
      
    
    
      get_text(arg1)



        
          
        

    

  


  

      

          @spec get_text(map()) :: String.t() | nil


      


Extracts text content from a tool call result.
Tool results contain a list of content items. This helper extracts
all text items and concatenates them.
Examples
{:ok, result} = Hermolaos.call_tool(client, "browser_snapshot", %{})
text = Hermolaos.get_text(result)

  



    

  
    
      
    
    
      list_prompts(client, opts \\ [])



        
          
        

    

  


  

      

          @spec list_prompts(
  client(),
  keyword()
) :: {:ok, map()} | {:error, term()}


      


Lists available prompts on the server.
Options
	:cursor - Pagination cursor
	:timeout - Request timeout override

Examples
{:ok, %{prompts: prompts}} = Hermolaos.list_prompts(client)

  



    

  
    
      
    
    
      list_resource_templates(client, opts \\ [])



        
          
        

    

  


  

      

          @spec list_resource_templates(
  client(),
  keyword()
) :: {:ok, map()} | {:error, term()}


      


Lists resource templates on the server.
Options
	:cursor - Pagination cursor
	:timeout - Request timeout override

Examples
{:ok, %{resourceTemplates: templates}} = Hermolaos.list_resource_templates(client)

  



    

  
    
      
    
    
      list_resources(client, opts \\ [])



        
          
        

    

  


  

      

          @spec list_resources(
  client(),
  keyword()
) :: {:ok, map()} | {:error, term()}


      


Lists available resources on the server.
Options
	:cursor - Pagination cursor
	:timeout - Request timeout override

Examples
{:ok, %{resources: resources}} = Hermolaos.list_resources(client)

  



    

  
    
      
    
    
      list_tools(client, opts \\ [])



        
          
        

    

  


  

      

          @spec list_tools(
  client(),
  keyword()
) :: {:ok, map()} | {:error, term()}


      


Lists available tools on the server.
Options
	:cursor - Pagination cursor for subsequent requests
	:timeout - Request timeout override

Returns
	{:ok, %{tools: [...], nextCursor: ...}} - Success (atom keys)
	{:error, reason} - Error

Examples
{:ok, %{tools: tools}} = Hermolaos.list_tools(client)
for tool <- tools do
  IO.puts("Tool: #{tool.name} - #{tool.description}")
end

  



    

  
    
      
    
    
      ping(client, opts \\ [])



        
          
        

    

  


  

      

          @spec ping(
  client(),
  keyword()
) :: {:ok, map()} | {:error, term()}


      


Sends a ping to check server liveness.
Examples
{:ok, %{}} = Hermolaos.ping(client)

  



    

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



        
          
        

    

  


  

      

          @spec read_resource(client(), String.t(), keyword()) ::
  {:ok, map()} | {:error, term()}


      


Reads a resource by URI.
Parameters
	client - The MCP client
	uri - Resource URI
	opts - Options

Returns
	{:ok, %{contents: [...]}} - Success (atom keys)

Examples
{:ok, %{contents: contents}} = Hermolaos.read_resource(client, "file:///project/README.md")
for content <- contents do
  IO.puts(content.text)
end

  



  
    
      
    
    
      server_capabilities(client)



        
          
        

    

  


  

      

          @spec server_capabilities(client()) :: {:ok, map()} | {:error, :not_initialized}


      


Gets server capabilities from the initialization response.
Examples
{:ok, caps} = Hermolaos.server_capabilities(client)
if Hermolaos.Protocol.Capabilities.supports?(caps, :tools) do
  # Server supports tools
end

  



  
    
      
    
    
      server_info(client)



        
          
        

    

  


  

      

          @spec server_info(client()) :: {:ok, map()} | {:error, :not_initialized}


      


Gets server information from the initialization response.
Examples
{:ok, %{"name" => "MyServer", "version" => "1.0.0"}} = Hermolaos.server_info(client)

  



  
    
      
    
    
      set_log_level(client, level)



        
          
        

    

  


  

      

          @spec set_log_level(client(), String.t()) :: {:ok, map()} | {:error, term()}


      


Sets the server's logging level.
Parameters
	client - The MCP client
	level - Log level (debug, info, notice, warning, error, critical, alert, emergency)

Examples
{:ok, _} = Hermolaos.set_log_level(client, "debug")

  



  
    
      
    
    
      status(client)



        
          
        

    

  


  

      

          @spec status(client()) :: Hermolaos.Client.Connection.status()


      


Gets the current connection status.
Returns
	:disconnected - Not connected
	:connecting - Transport starting
	:initializing - MCP handshake in progress
	:ready - Ready for requests

Examples
:ready = Hermolaos.status(client)

  



  
    
      
    
    
      subscribe_resource(client, uri)



        
          
        

    

  


  

      

          @spec subscribe_resource(client(), String.t()) :: {:ok, map()} | {:error, term()}


      


Subscribes to resource updates.
Requires server to support resource subscriptions.
Examples
:ok = Hermolaos.subscribe_resource(client, "file:///project/src/main.rs")

  



  
    
      
    
    
      unsubscribe_resource(client, uri)



        
          
        

    

  


  

      

          @spec unsubscribe_resource(client(), String.t()) :: {:ok, map()} | {:error, term()}


      


Unsubscribes from resource updates.
Examples
:ok = Hermolaos.unsubscribe_resource(client, "file:///project/src/main.rs")
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MCP capability negotiation and validation.
Capabilities define what features a client or server supports. During
the initialization handshake, both parties exchange their capabilities
to establish what operations are available.
Client Capabilities
Clients can advertise these capabilities:
	roots - Filesystem root access	listChanged - Whether client sends notifications when roots change


	sampling - LLM sampling support (allows server to request text generation)

Server Capabilities
Servers can advertise these capabilities:
	tools - Tool invocation support	listChanged - Whether server sends notifications when tools change


	resources - Resource access support	subscribe - Whether subscriptions are supported
	listChanged - Whether server sends notifications when resources change


	prompts - Prompt template support	listChanged - Whether server sends notifications when prompts change


	logging - Structured logging support
	completions - Argument completion support

Example
# Default client capabilities
caps = Hermolaos.Protocol.Capabilities.default_client_capabilities()

# Check if server supports tools
if Hermolaos.Protocol.Capabilities.supports?(server_caps, :tools) do
  # Can list and call tools
end
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        capability()

      


    


    
      
        client_capabilities()

      


    


    
      
        server_capabilities()

      


    





  
    Functions
  


    
      
        build_client_capabilities(opts \\ [])

      


        Builds custom client capabilities.



    


    
      
        client_capabilities_with_sampling()

      


        Returns client capabilities with sampling support enabled.



    


    
      
        default_client_capabilities()

      


        Returns default client capabilities.



    


    
      
        from_init_response(arg1)

      


        Extracts capabilities from an initialize response.



    


    
      
        latest_version()

      


        Returns the latest (preferred) protocol version.



    


    
      
        protocol_version_from_response(arg1)

      


        Extracts the protocol version from an initialize response.



    


    
      
        require(capabilities, required)

      


        Validates that required capabilities are present for an operation.



    


    
      
        server_info_from_response(arg1)

      


        Extracts server info from an initialize response.



    


    
      
        supported_versions()

      


        Returns the list of supported protocol versions.



    


    
      
        supports?(capabilities, feature)

      


        Checks if capabilities include support for a specific feature.



    


    
      
        supports_list_changed?(capabilities, feature)

      


        Checks if a capability supports change notifications.



    


    
      
        supports_subscribe?(capabilities)

      


        Checks if resource capabilities support subscriptions.



    


    
      
        version_supported?(version)

      


        Checks if a protocol version is supported.
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      capability()



        
          
        

    

  


  

      

          @type capability() ::
  :roots | :sampling | :tools | :resources | :prompts | :logging | :completions


      



  



  
    
      
    
    
      client_capabilities()



        
          
        

    

  


  

      

          @type client_capabilities() :: %{
  optional(:roots) => %{optional(:listChanged) => boolean()},
  optional(:sampling) => %{}
}


      



  



  
    
      
    
    
      server_capabilities()



        
          
        

    

  


  

      

          @type server_capabilities() :: %{
  optional(:tools) => %{optional(:listChanged) => boolean()},
  optional(:resources) => %{
    optional(:subscribe) => boolean(),
    optional(:listChanged) => boolean()
  },
  optional(:prompts) => %{optional(:listChanged) => boolean()},
  optional(:logging) => %{},
  optional(:completions) => %{}
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      build_client_capabilities(opts \\ [])



        
          
        

    

  


  

      

          @spec build_client_capabilities(keyword()) :: client_capabilities()


      


Builds custom client capabilities.
Options
	:roots - Enable roots capability (default: true)
	:roots_list_changed - Enable roots change notifications (default: true)
	:sampling - Enable sampling capability (default: false)

Examples
caps = Hermolaos.Protocol.Capabilities.build_client_capabilities(
  roots: true,
  sampling: true
)

  



  
    
      
    
    
      client_capabilities_with_sampling()



        
          
        

    

  


  

      

          @spec client_capabilities_with_sampling() :: client_capabilities()


      


Returns client capabilities with sampling support enabled.
Examples
caps = Hermolaos.Protocol.Capabilities.client_capabilities_with_sampling()
# => %{"roots" => %{"listChanged" => true}, "sampling" => %{}}

  



  
    
      
    
    
      default_client_capabilities()



        
          
        

    

  


  

      

          @spec default_client_capabilities() :: client_capabilities()


      


Returns default client capabilities.
The default client advertises:
	roots with listChanged: true

Sampling is not enabled by default as it requires special handling.
Examples
caps = Hermolaos.Protocol.Capabilities.default_client_capabilities()
# => %{"roots" => %{"listChanged" => true}}

  



  
    
      
    
    
      from_init_response(arg1)



        
          
        

    

  


  

      

          @spec from_init_response(map()) :: {:ok, map()} | {:error, :missing_capabilities}


      


Extracts capabilities from an initialize response.
Examples
response = %{"capabilities" => %{"tools" => %{}}, "serverInfo" => %{...}}
{:ok, caps} = Hermolaos.Protocol.Capabilities.from_init_response(response)

  



  
    
      
    
    
      latest_version()



        
          
        

    

  


  

      

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


      


Returns the latest (preferred) protocol version.

  



  
    
      
    
    
      protocol_version_from_response(arg1)



        
          
        

    

  


  

      

          @spec protocol_version_from_response(map()) ::
  {:ok, String.t()} | {:error, :missing_version}


      


Extracts the protocol version from an initialize response.
Examples
response = %{"protocolVersion" => "2025-03-26"}
{:ok, version} = Hermolaos.Protocol.Capabilities.protocol_version_from_response(response)

  



  
    
      
    
    
      require(capabilities, required)



        
          
        

    

  


  

      

          @spec require(map(), [capability()]) ::
  :ok | {:error, {:missing_capability, capability()}}


      


Validates that required capabilities are present for an operation.
Examples
# Check if we can list tools
:ok = Hermolaos.Protocol.Capabilities.require(server_caps, [:tools])

# Check if we can subscribe to resources
{:error, {:missing_capability, :resources}} =
  Hermolaos.Protocol.Capabilities.require(%{}, [:resources])

  



  
    
      
    
    
      server_info_from_response(arg1)



        
          
        

    

  


  

      

          @spec server_info_from_response(map()) ::
  {:ok, map()} | {:error, :missing_server_info}


      


Extracts server info from an initialize response.
Examples
response = %{"serverInfo" => %{"name" => "MyServer", "version" => "1.0.0"}}
{:ok, info} = Hermolaos.Protocol.Capabilities.server_info_from_response(response)

  



  
    
      
    
    
      supported_versions()



        
          
        

    

  


  

      

          @spec supported_versions() :: [String.t()]


      


Returns the list of supported protocol versions.

  



  
    
      
    
    
      supports?(capabilities, feature)



        
          
        

    

  


  

      

          @spec supports?(map(), capability()) :: boolean()


      


Checks if capabilities include support for a specific feature.
Examples
iex> caps = %{"tools" => %{"listChanged" => true}}
iex> Hermolaos.Protocol.Capabilities.supports?(caps, :tools)
true

iex> caps = %{}
iex> Hermolaos.Protocol.Capabilities.supports?(caps, :tools)
false

  



  
    
      
    
    
      supports_list_changed?(capabilities, feature)



        
          
        

    

  


  

      

          @spec supports_list_changed?(map(), capability()) :: boolean()


      


Checks if a capability supports change notifications.
Examples
iex> caps = %{"tools" => %{"listChanged" => true}}
iex> Hermolaos.Protocol.Capabilities.supports_list_changed?(caps, :tools)
true

iex> caps = %{"tools" => %{}}
iex> Hermolaos.Protocol.Capabilities.supports_list_changed?(caps, :tools)
false

  



  
    
      
    
    
      supports_subscribe?(capabilities)



        
          
        

    

  


  

      

          @spec supports_subscribe?(map()) :: boolean()


      


Checks if resource capabilities support subscriptions.
Examples
iex> caps = %{"resources" => %{"subscribe" => true}}
iex> Hermolaos.Protocol.Capabilities.supports_subscribe?(caps)
true

  



  
    
      
    
    
      version_supported?(version)



        
          
        

    

  


  

      

          @spec version_supported?(String.t()) :: boolean()


      


Checks if a protocol version is supported.
Examples
iex> Hermolaos.Protocol.Capabilities.version_supported?("2025-03-26")
true

iex> Hermolaos.Protocol.Capabilities.version_supported?("1.0.0")
false
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JSON-RPC 2.0 and MCP error codes and error handling utilities.
Standard JSON-RPC 2.0 Error Codes
	Code	Message	Description
	-32700	Parse error	Invalid JSON
	-32600	Invalid Request	Not a valid JSON-RPC request
	-32601	Method not found	Method doesn't exist
	-32602	Invalid params	Invalid method parameters
	-32603	Internal error	Internal JSON-RPC error

MCP-Specific Error Codes (reserved: -32000 to -32099)
	Code	Description
	-32000	Connection closed unexpectedly
	-32001	Request timed out
	-32002	Request was cancelled
	-32003	Resource not found

Examples
# Create an error struct
error = Hermolaos.Protocol.Errors.method_not_found("unknown/method")

# Convert to exception for raising
raise Hermolaos.Protocol.Errors.to_exception(error)

# Parse error from JSON-RPC response
{:ok, error} = Hermolaos.Protocol.Errors.from_response(response)
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        error_code()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        code_to_name(arg1)

      


        Converts an error code to its symbolic name.



    


    
      
        connection_closed(reason \\ nil)

      


        Creates a connection closed error.



    


    
      
        connection_closed_code()

      


        Returns the MCP connection closed error code (-32000)



    


    
      
        from_response(arg1)

      


        Parses an error from a JSON-RPC error response.



    


    
      
        internal_error(details \\ nil)

      


        Creates an internal error.



    


    
      
        internal_error_code()

      


        Returns the JSON-RPC internal error code (-32603)



    


    
      
        invalid_params(details \\ nil)

      


        Creates an invalid params error.



    


    
      
        invalid_params_code()

      


        Returns the JSON-RPC invalid params error code (-32602)



    


    
      
        invalid_request(data \\ nil)

      


        Creates an invalid request error.



    


    
      
        invalid_request_code()

      


        Returns the JSON-RPC invalid request error code (-32600)



    


    
      
        method_not_found(method)

      


        Creates a method not found error.



    


    
      
        method_not_found_code()

      


        Returns the JSON-RPC method not found error code (-32601)



    


    
      
        parse_error(data \\ nil)

      


        Creates a parse error (invalid JSON).



    


    
      
        parse_error_code()

      


        Returns the JSON-RPC parse error code (-32700)



    


    
      
        request_cancelled(reason \\ nil)

      


        Creates a request cancelled error.



    


    
      
        request_cancelled_code()

      


        Returns the MCP request cancelled error code (-32002)



    


    
      
        request_timeout(method, timeout_ms \\ nil)

      


        Creates a request timeout error.



    


    
      
        request_timeout_code()

      


        Returns the MCP request timeout error code (-32001)



    


    
      
        resource_not_found(uri)

      


        Creates a resource not found error.



    


    
      
        resource_not_found_code()

      


        Returns the MCP resource not found error code (-32003)



    


    
      
        retriable?(arg1)

      


        Checks if an error is retriable (connection issues, timeouts).



    


    
      
        standard_error?(code)

      


        Checks if an error is a standard JSON-RPC error (vs MCP-specific).



    


    
      
        to_exception(error)

      


        Converts an error struct to a Hermolaos.Error exception.



    


    
      
        to_map(errors)

      


        Converts an error struct to a map suitable for JSON-RPC response.



    





      


      
        Types


        


  
    
      
    
    
      error_code()



        
          
        

    

  


  

      

          @type error_code() ::
  :parse_error
  | :invalid_request
  | :method_not_found
  | :invalid_params
  | :internal_error
  | :connection_closed
  | :request_timeout
  | :request_cancelled
  | :resource_not_found


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hermolaos.Protocol.Errors{
  code: integer(),
  data: term(),
  message: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      code_to_name(arg1)



        
          
        

    

  


  

      

          @spec code_to_name(integer()) :: error_code() | :unknown


      


Converts an error code to its symbolic name.
Examples
iex> Hermolaos.Protocol.Errors.code_to_name(-32700)
:parse_error

iex> Hermolaos.Protocol.Errors.code_to_name(-99999)
:unknown

  



    

  
    
      
    
    
      connection_closed(reason \\ nil)



        
          
        

    

  


  

      

          @spec connection_closed(term()) :: t()


      


Creates a connection closed error.
Examples
iex> Hermolaos.Protocol.Errors.connection_closed()
%Hermolaos.Protocol.Errors{code: -32000, message: "Connection closed", data: nil}

  



  
    
      
    
    
      connection_closed_code()



        
          
        

    

  


  

      

          @spec connection_closed_code() :: integer()


      


Returns the MCP connection closed error code (-32000)

  



  
    
      
    
    
      from_response(arg1)



        
          
        

    

  


  

      

          @spec from_response(map()) :: {:ok, t()} | {:error, :not_an_error | :invalid_error}


      


Parses an error from a JSON-RPC error response.
Examples
iex> response = %{"error" => %{"code" => -32601, "message" => "Method not found"}}
iex> Hermolaos.Protocol.Errors.from_response(response)
{:ok, %Hermolaos.Protocol.Errors{code: -32601, message: "Method not found", data: nil}}

iex> Hermolaos.Protocol.Errors.from_response(%{"result" => %{}})
{:error, :not_an_error}

  



    

  
    
      
    
    
      internal_error(details \\ nil)



        
          
        

    

  


  

      

          @spec internal_error(term()) :: t()


      


Creates an internal error.
Examples
iex> Hermolaos.Protocol.Errors.internal_error("Database connection failed")
%Hermolaos.Protocol.Errors{code: -32603, message: "Internal error", data: "Database connection failed"}

  



  
    
      
    
    
      internal_error_code()



        
          
        

    

  


  

      

          @spec internal_error_code() :: integer()


      


Returns the JSON-RPC internal error code (-32603)

  



    

  
    
      
    
    
      invalid_params(details \\ nil)



        
          
        

    

  


  

      

          @spec invalid_params(term()) :: t()


      


Creates an invalid params error.
Examples
iex> Hermolaos.Protocol.Errors.invalid_params(%{field: "name", reason: "required"})
%Hermolaos.Protocol.Errors{code: -32602, message: "Invalid params", data: %{field: "name", reason: "required"}}

  



  
    
      
    
    
      invalid_params_code()



        
          
        

    

  


  

      

          @spec invalid_params_code() :: integer()


      


Returns the JSON-RPC invalid params error code (-32602)

  



    

  
    
      
    
    
      invalid_request(data \\ nil)



        
          
        

    

  


  

      

          @spec invalid_request(term()) :: t()


      


Creates an invalid request error.
Examples
iex> Hermolaos.Protocol.Errors.invalid_request("Missing method field")
%Hermolaos.Protocol.Errors{code: -32600, message: "Invalid Request", data: "Missing method field"}

  



  
    
      
    
    
      invalid_request_code()



        
          
        

    

  


  

      

          @spec invalid_request_code() :: integer()


      


Returns the JSON-RPC invalid request error code (-32600)

  



  
    
      
    
    
      method_not_found(method)



        
          
        

    

  


  

      

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


      


Creates a method not found error.
Examples
iex> Hermolaos.Protocol.Errors.method_not_found("unknown/method")
%Hermolaos.Protocol.Errors{code: -32601, message: "Method not found: unknown/method", data: nil}

  



  
    
      
    
    
      method_not_found_code()



        
          
        

    

  


  

      

          @spec method_not_found_code() :: integer()


      


Returns the JSON-RPC method not found error code (-32601)

  



    

  
    
      
    
    
      parse_error(data \\ nil)



        
          
        

    

  


  

      

          @spec parse_error(term()) :: t()


      


Creates a parse error (invalid JSON).
Examples
iex> Hermolaos.Protocol.Errors.parse_error()
%Hermolaos.Protocol.Errors{code: -32700, message: "Parse error", data: nil}

  



  
    
      
    
    
      parse_error_code()



        
          
        

    

  


  

      

          @spec parse_error_code() :: integer()


      


Returns the JSON-RPC parse error code (-32700)

  



    

  
    
      
    
    
      request_cancelled(reason \\ nil)



        
          
        

    

  


  

      

          @spec request_cancelled(term()) :: t()


      


Creates a request cancelled error.
Examples
iex> Hermolaos.Protocol.Errors.request_cancelled("User cancelled")
%Hermolaos.Protocol.Errors{code: -32002, message: "Request cancelled", data: "User cancelled"}

  



  
    
      
    
    
      request_cancelled_code()



        
          
        

    

  


  

      

          @spec request_cancelled_code() :: integer()


      


Returns the MCP request cancelled error code (-32002)

  



    

  
    
      
    
    
      request_timeout(method, timeout_ms \\ nil)



        
          
        

    

  


  

      

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


      


Creates a request timeout error.
Examples
iex> Hermolaos.Protocol.Errors.request_timeout("tools/call", 30000)
%Hermolaos.Protocol.Errors{code: -32001, message: "Request timeout: tools/call", data: %{timeout_ms: 30000}}

  



  
    
      
    
    
      request_timeout_code()



        
          
        

    

  


  

      

          @spec request_timeout_code() :: integer()


      


Returns the MCP request timeout error code (-32001)

  



  
    
      
    
    
      resource_not_found(uri)



        
          
        

    

  


  

      

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


      


Creates a resource not found error.
Examples
iex> Hermolaos.Protocol.Errors.resource_not_found("file:///missing.txt")
%Hermolaos.Protocol.Errors{code: -32003, message: "Resource not found: file:///missing.txt", data: nil}

  



  
    
      
    
    
      resource_not_found_code()



        
          
        

    

  


  

      

          @spec resource_not_found_code() :: integer()


      


Returns the MCP resource not found error code (-32003)

  



  
    
      
    
    
      retriable?(arg1)



        
          
        

    

  


  

      

          @spec retriable?(integer() | t()) :: boolean()


      


Checks if an error is retriable (connection issues, timeouts).
Examples
iex> Hermolaos.Protocol.Errors.retriable?(-32000)
true

iex> Hermolaos.Protocol.Errors.retriable?(-32601)
false

  



  
    
      
    
    
      standard_error?(code)



        
          
        

    

  


  

      

          @spec standard_error?(integer()) :: boolean()


      


Checks if an error is a standard JSON-RPC error (vs MCP-specific).
Examples
iex> Hermolaos.Protocol.Errors.standard_error?(-32700)
true

iex> Hermolaos.Protocol.Errors.standard_error?(-32000)
false

  



  
    
      
    
    
      to_exception(error)



        
          
        

    

  


  

      

          @spec to_exception(t()) :: Hermolaos.Error.t()


      


Converts an error struct to a Hermolaos.Error exception.
Examples
iex> error = Hermolaos.Protocol.Errors.method_not_found("ping")
iex> exception = Hermolaos.Protocol.Errors.to_exception(error)
iex> exception.message
"MCP Error -32601: Method not found: ping"

  



  
    
      
    
    
      to_map(errors)



        
          
        

    

  


  

      

          @spec to_map(t()) :: map()


      


Converts an error struct to a map suitable for JSON-RPC response.
Examples
iex> error = %Hermolaos.Protocol.Errors{code: -32600, message: "Invalid", data: nil}
iex> Hermolaos.Protocol.Errors.to_map(error)
%{"code" => -32600, "message" => "Invalid"}
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Hermolaos.Protocol.JsonRpc 
    



      
JSON-RPC 2.0 encoding and decoding for MCP protocol messages.
This module handles the low-level JSON-RPC 2.0 message format used by MCP.
All MCP communication uses JSON-RPC 2.0 as the underlying protocol.
Message Types
	Request: Has id, method, and optional params
	Response: Has id and either result or error
	Notification: Has method and optional params, but no id

Examples
# Encoding a request
iex> Hermolaos.Protocol.JsonRpc.encode_request(1, "tools/list", %{})
~s({"id":1,"jsonrpc":"2.0","method":"tools/list","params":{}})

# Decoding a response
iex> Hermolaos.Protocol.JsonRpc.decode(~s({"jsonrpc":"2.0","id":1,"result":{"tools":[]}}))
{:ok, {:response, %{"jsonrpc" => "2.0", "id" => 1, "result" => %{"tools" => []}}}}

      


      
        Summary


  
    Types
  


    
      
        decoded_message()

      


    


    
      
        error_object()

      


    


    
      
        error_response()

      


    


    
      
        id()

      


    


    
      
        message_type()

      


    


    
      
        notification()

      


    


    
      
        params()

      


    


    
      
        request()

      


    


    
      
        response()

      


    





  
    Functions
  


    
      
        classify_message(message)

      


        Classifies a decoded JSON-RPC message by its type.



    


    
      
        decode(json_string)

      


        Decodes a JSON-RPC 2.0 message and classifies its type.



    


    
      
        decode!(json_string)

      


        Decodes a JSON-RPC 2.0 message, raising on error.



    


    
      
        encode_error_response(id, code, message, data \\ nil)

      


        Encodes a JSON-RPC 2.0 error response.



    


    
      
        encode_notification(method, params \\ nil)

      


        Encodes a JSON-RPC 2.0 notification message (no response expected).



    


    
      
        encode_request(id, method, params \\ nil)

      


        Encodes a JSON-RPC 2.0 request message.



    


    
      
        encode_response(id, result)

      


        Encodes a JSON-RPC 2.0 success response.



    


    
      
        error_response?(message)

      


        Checks if a response is an error response.



    


    
      
        get_error(message)

      


        Extracts the error object from an error response.



    


    
      
        get_id(message)

      


        Extracts the request/response ID from a message.



    


    
      
        get_method(message)

      


        Extracts the method name from a request or notification.



    


    
      
        get_params(message)

      


        Extracts parameters from a request or notification.



    


    
      
        get_result(message)

      


        Extracts the result from a successful response.



    


    
      
        message_type(message)

      


        Returns the message type of a decoded message.



    


    
      
        valid_notification?(message)

      


        Validates that a message is a proper JSON-RPC 2.0 notification.



    


    
      
        valid_request?(message)

      


        Validates that a message is a proper JSON-RPC 2.0 request.



    


    
      
        valid_response?(message)

      


        Validates that a message is a proper JSON-RPC 2.0 response (success or error).



    





      


      
        Types


        


  
    
      
    
    
      decoded_message()



        
          
        

    

  


  

      

          @type decoded_message() :: {message_type(), map()}


      



  



  
    
      
    
    
      error_object()



        
          
        

    

  


  

      

          @type error_object() :: %{
  :code => integer(),
  :message => String.t(),
  optional(:data) => term()
}


      



  



  
    
      
    
    
      error_response()



        
          
        

    

  


  

      

          @type error_response() :: %{
  jsonrpc: String.t(),
  id: id() | nil,
  error: error_object()
}


      



  



  
    
      
    
    
      id()



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      message_type()



        
          
        

    

  


  

      

          @type message_type() :: :request | :notification | :response | :error_response


      



  



  
    
      
    
    
      notification()



        
          
        

    

  


  

      

          @type notification() :: %{
  :jsonrpc => String.t(),
  :method => String.t(),
  optional(:params) => params()
}


      



  



  
    
      
    
    
      params()



        
          
        

    

  


  

      

          @type params() :: map() | list()


      



  



  
    
      
    
    
      request()



        
          
        

    

  


  

      

          @type request() :: %{
  :jsonrpc => String.t(),
  :id => id(),
  :method => String.t(),
  optional(:params) => params()
}


      



  



  
    
      
    
    
      response()



        
          
        

    

  


  

      

          @type response() :: %{jsonrpc: String.t(), id: id(), result: term()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      classify_message(message)



        
          
        

    

  


  

      

          @spec classify_message(map()) :: {:ok, decoded_message()} | {:error, :invalid_message}


      


Classifies a decoded JSON-RPC message by its type.
Examples
iex> Hermolaos.Protocol.JsonRpc.classify_message(%{"jsonrpc" => "2.0", "id" => 1, "method" => "ping"})
{:ok, {:request, %{"jsonrpc" => "2.0", "id" => 1, "method" => "ping"}}}

  



  
    
      
    
    
      decode(json_string)



        
          
        

    

  


  

      

          @spec decode(String.t()) ::
  {:ok, decoded_message()} | {:error, :parse_error | :invalid_message}


      


Decodes a JSON-RPC 2.0 message and classifies its type.
Returns {:ok, {type, message}} where type is one of:
	:request - A request expecting a response
	:notification - A notification (no response expected)
	:response - A successful response
	:error_response - An error response

Examples
iex> Hermolaos.Protocol.JsonRpc.decode(~s({"jsonrpc":"2.0","id":1,"method":"ping"}))
{:ok, {:request, %{"jsonrpc" => "2.0", "id" => 1, "method" => "ping"}}}

iex> Hermolaos.Protocol.JsonRpc.decode(~s({"jsonrpc":"2.0","method":"notifications/initialized"}))
{:ok, {:notification, %{"jsonrpc" => "2.0", "method" => "notifications/initialized"}}}

iex> Hermolaos.Protocol.JsonRpc.decode("invalid json")
{:error, :parse_error}

  



  
    
      
    
    
      decode!(json_string)



        
          
        

    

  


  

      

          @spec decode!(String.t()) :: decoded_message()


      


Decodes a JSON-RPC 2.0 message, raising on error.
Examples
iex> Hermolaos.Protocol.JsonRpc.decode!(~s({"jsonrpc":"2.0","id":1,"result":{}}))
{:response, %{"jsonrpc" => "2.0", "id" => 1, "result" => %{}}}

  



    

  
    
      
    
    
      encode_error_response(id, code, message, data \\ nil)



        
          
        

    

  


  

      

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


      


Encodes a JSON-RPC 2.0 error response.
Parameters
	id - The request ID (can be nil if request couldn't be parsed)
	code - Error code (integer)
	message - Human-readable error message
	data - Optional additional error data

Examples
iex> Hermolaos.Protocol.JsonRpc.encode_error_response(1, -32600, "Invalid Request")
~s({"error":{"code":-32600,"message":"Invalid Request"},"id":1,"jsonrpc":"2.0"})

  



    

  
    
      
    
    
      encode_notification(method, params \\ nil)



        
          
        

    

  


  

      

          @spec encode_notification(String.t(), params() | nil) :: String.t()


      


Encodes a JSON-RPC 2.0 notification message (no response expected).
Notifications are like requests but without an id field, meaning
the server should not send a response.
Parameters
	method - The RPC method name
	params - Optional parameters (map or list)

Examples
iex> Hermolaos.Protocol.JsonRpc.encode_notification("notifications/initialized", %{})
~s({"jsonrpc":"2.0","method":"notifications/initialized","params":{}})

  



    

  
    
      
    
    
      encode_request(id, method, params \\ nil)



        
          
        

    

  


  

      

          @spec encode_request(id(), String.t(), params() | nil) :: String.t()


      


Encodes a JSON-RPC 2.0 request message.
Parameters
	id - Unique request identifier (integer or string)
	method - The RPC method name
	params - Optional parameters (map or list)

Examples
iex> Hermolaos.Protocol.JsonRpc.encode_request(1, "tools/list", %{})
~s({"id":1,"jsonrpc":"2.0","method":"tools/list","params":{}})

iex> Hermolaos.Protocol.JsonRpc.encode_request("abc", "ping", nil)
~s({"id":"abc","jsonrpc":"2.0","method":"ping"})

  



  
    
      
    
    
      encode_response(id, result)



        
          
        

    

  


  

      

          @spec encode_response(id(), term()) :: String.t()


      


Encodes a JSON-RPC 2.0 success response.
Parameters
	id - The request ID being responded to
	result - The result data

Examples
iex> Hermolaos.Protocol.JsonRpc.encode_response(1, %{tools: []})
~s({"id":1,"jsonrpc":"2.0","result":{"tools":[]}})

  



  
    
      
    
    
      error_response?(message)



        
          
        

    

  


  

      

          @spec error_response?(map()) :: boolean()


      


Checks if a response is an error response.

  



  
    
      
    
    
      get_error(message)



        
          
        

    

  


  

      

          @spec get_error(map()) :: error_object() | nil


      


Extracts the error object from an error response.

  



  
    
      
    
    
      get_id(message)



        
          
        

    

  


  

      

          @spec get_id(map()) :: id() | nil


      


Extracts the request/response ID from a message.
Examples
iex> Hermolaos.Protocol.JsonRpc.get_id(%{"id" => 42})
42

iex> Hermolaos.Protocol.JsonRpc.get_id(%{"method" => "notify"})
nil

  



  
    
      
    
    
      get_method(message)



        
          
        

    

  


  

      

          @spec get_method(map()) :: String.t() | nil


      


Extracts the method name from a request or notification.

  



  
    
      
    
    
      get_params(message)



        
          
        

    

  


  

      

          @spec get_params(map()) :: params() | nil


      


Extracts parameters from a request or notification.

  



  
    
      
    
    
      get_result(message)



        
          
        

    

  


  

      

          @spec get_result(map()) :: term() | nil


      


Extracts the result from a successful response.

  



  
    
      
    
    
      message_type(message)



        
          
        

    

  


  

      

          @spec message_type(map()) :: message_type() | :unknown


      


Returns the message type of a decoded message.
Examples
iex> Hermolaos.Protocol.JsonRpc.message_type(%{"jsonrpc" => "2.0", "id" => 1, "method" => "ping"})
:request

  



  
    
      
    
    
      valid_notification?(message)



        
          
        

    

  


  

      

          @spec valid_notification?(map()) :: boolean()


      


Validates that a message is a proper JSON-RPC 2.0 notification.

  



  
    
      
    
    
      valid_request?(message)



        
          
        

    

  


  

      

          @spec valid_request?(map()) :: boolean()


      


Validates that a message is a proper JSON-RPC 2.0 request.
Examples
iex> Hermolaos.Protocol.JsonRpc.valid_request?(%{"jsonrpc" => "2.0", "id" => 1, "method" => "ping"})
true

iex> Hermolaos.Protocol.JsonRpc.valid_request?(%{"id" => 1, "method" => "ping"})
false

  



  
    
      
    
    
      valid_response?(message)



        
          
        

    

  


  

      

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


      


Validates that a message is a proper JSON-RPC 2.0 response (success or error).
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MCP message builders for all protocol methods.
This module provides functions to build properly formatted MCP request
and notification messages. Each function returns a map that can be
sent through a transport.
Protocol Version
The default protocol version is 2025-03-26.
This can be overridden in the initialize/3 function.
Message Categories
Lifecycle Messages
	initialize/3 - Initialize connection
	initialized_notification/0 - Confirm initialization complete
	ping/0 - Liveness check

Tool Messages
	tools_list/1 - List available tools
	tools_call/2 - Invoke a tool

Resource Messages
	resources_list/1 - List resources
	resources_read/1 - Read a resource
	resources_subscribe/1 - Subscribe to changes
	resources_unsubscribe/1 - Unsubscribe

Prompt Messages
	prompts_list/1 - List prompts
	prompts_get/2 - Get a prompt

Other Messages
	logging_set_level/1 - Set logging level
	completion_complete/2 - Request completions


      


      
        Summary


  
    Functions
  


    
      
        cancelled_notification(request_id, reason \\ nil)

      


        Builds a cancellation notification.



    


    
      
        completion_complete(ref, argument)

      


        Builds a completion/complete request.



    


    
      
        default_protocol_version()

      


        Returns the default MCP protocol version.



    


    
      
        initialize(protocol_version \\ "2025-03-26", capabilities, client_info)

      


        Builds an initialize request message.



    


    
      
        initialized_notification()

      


        Builds the initialized notification.



    


    
      
        logging_set_level(level)

      


        Builds a logging/setLevel request.



    


    
      
        ping()

      


        Builds a ping request.



    


    
      
        ping_response()

      


        Builds a response to a ping request.



    


    
      
        progress_notification(progress_token, progress, total \\ nil)

      


        Builds a progress notification.



    


    
      
        prompts_get(name, arguments \\ %{})

      


        Builds a prompts/get request.



    


    
      
        prompts_list(cursor \\ nil)

      


        Builds a prompts/list request.



    


    
      
        resources_list(cursor \\ nil)

      


        Builds a resources/list request.



    


    
      
        resources_read(uri)

      


        Builds a resources/read request.



    


    
      
        resources_subscribe(uri)

      


        Builds a resources/subscribe request.



    


    
      
        resources_templates_list(cursor \\ nil)

      


        Builds a resources/templates/list request.



    


    
      
        resources_unsubscribe(uri)

      


        Builds a resources/unsubscribe request.



    


    
      
        roots_list_changed_notification()

      


        Builds a roots/list_changed notification.



    


    
      
        roots_list_response(roots)

      


        Builds a response to a roots/list request.



    


    
      
        sampling_not_supported_error()

      


        Builds an error response to a sampling/createMessage request.



    


    
      
        tools_call(name, arguments)

      


        Builds a tools/call request.



    


    
      
        tools_list(cursor \\ nil)

      


        Builds a tools/list request.



    





      


      
        Functions


        


    

  
    
      
    
    
      cancelled_notification(request_id, reason \\ nil)



        
          
        

    

  


  

      

          @spec cancelled_notification(integer() | String.t(), String.t() | nil) :: map()


      


Builds a cancellation notification.
Sent to cancel a pending request.
Parameters
	request_id - ID of the request to cancel
	reason - Optional cancellation reason

Examples
msg = Hermolaos.Protocol.Messages.cancelled_notification(123)
msg = Hermolaos.Protocol.Messages.cancelled_notification(123, "User cancelled")

  



  
    
      
    
    
      completion_complete(ref, argument)



        
          
        

    

  


  

      

          @spec completion_complete(map(), map()) :: map()


      


Builds a completion/complete request.
Requests argument completion suggestions.
Parameters
	ref - Reference object (prompt or resource)
	argument - Argument to complete

Examples
msg = Hermolaos.Protocol.Messages.completion_complete(
  %{"type" => "ref/prompt", "name" => "code_review"},
  %{"name" => "language", "value" => "eli"}
)

  



  
    
      
    
    
      default_protocol_version()



        
          
        

    

  


  

      

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


      


Returns the default MCP protocol version.

  



    

  
    
      
    
    
      initialize(protocol_version \\ "2025-03-26", capabilities, client_info)



        
          
        

    

  


  

      

          @spec initialize(String.t(), map(), map()) :: map()


      


Builds an initialize request message.
This is the first message sent by the client to establish the connection
and negotiate capabilities.
Parameters
	protocol_version - The protocol version to request
	capabilities - Client capabilities map
	client_info - Client identification info

Examples
msg = Hermolaos.Protocol.Messages.initialize(
  "2025-03-26",
  %{roots: %{listChanged: true}},
  %{name: "MyClient", version: "1.0.0"}
)

  



  
    
      
    
    
      initialized_notification()



        
          
        

    

  


  

      

          @spec initialized_notification() :: map()


      


Builds the initialized notification.
Sent by the client after receiving a successful initialize response
to indicate the handshake is complete.
Examples
msg = Hermolaos.Protocol.Messages.initialized_notification()
# => %{"method" => "notifications/initialized"}

  



  
    
      
    
    
      logging_set_level(level)



        
          
        

    

  


  

      

          @spec logging_set_level(String.t()) :: map()


      


Builds a logging/setLevel request.
Sets the server's logging level.
Parameters
	level - Log level (debug, info, notice, warning, error, critical, alert, emergency)

Examples
msg = Hermolaos.Protocol.Messages.logging_set_level("debug")

  



  
    
      
    
    
      ping()



        
          
        

    

  


  

      

          @spec ping() :: map()


      


Builds a ping request.
Used to check if the connection is alive.
Examples
msg = Hermolaos.Protocol.Messages.ping()
# => %{"method" => "ping"}

  



  
    
      
    
    
      ping_response()



        
          
        

    

  


  

      

          @spec ping_response() :: map()


      


Builds a response to a ping request.

  



    

  
    
      
    
    
      progress_notification(progress_token, progress, total \\ nil)



        
          
        

    

  


  

      

          @spec progress_notification(String.t() | integer(), number(), number() | nil) :: map()


      


Builds a progress notification.
Sent to report progress on a long-running operation.
Parameters
	progress_token - Token identifying the operation
	progress - Current progress value
	total - Optional total value

Examples
msg = Hermolaos.Protocol.Messages.progress_notification("op123", 50, 100)

  



    

  
    
      
    
    
      prompts_get(name, arguments \\ %{})



        
          
        

    

  


  

      

          @spec prompts_get(String.t(), map()) :: map()


      


Builds a prompts/get request.
Gets a specific prompt, optionally with argument values.
Parameters
	name - Prompt name
	arguments - Optional argument values

Examples
msg = Hermolaos.Protocol.Messages.prompts_get("code_review")
msg = Hermolaos.Protocol.Messages.prompts_get("summarize", %{"language" => "elixir"})

  



    

  
    
      
    
    
      prompts_list(cursor \\ nil)



        
          
        

    

  


  

      

          @spec prompts_list(String.t() | nil) :: map()


      


Builds a prompts/list request.
Lists all prompts available on the server.
Parameters
	cursor - Optional pagination cursor

Examples
msg = Hermolaos.Protocol.Messages.prompts_list()

  



    

  
    
      
    
    
      resources_list(cursor \\ nil)



        
          
        

    

  


  

      

          @spec resources_list(String.t() | nil) :: map()


      


Builds a resources/list request.
Lists all resources available on the server.
Parameters
	cursor - Optional pagination cursor

Examples
msg = Hermolaos.Protocol.Messages.resources_list()

  



  
    
      
    
    
      resources_read(uri)



        
          
        

    

  


  

      

          @spec resources_read(String.t()) :: map()


      


Builds a resources/read request.
Reads the content of a specific resource.
Parameters
	uri - Resource URI

Examples
msg = Hermolaos.Protocol.Messages.resources_read("file:///project/README.md")

  



  
    
      
    
    
      resources_subscribe(uri)



        
          
        

    

  


  

      

          @spec resources_subscribe(String.t()) :: map()


      


Builds a resources/subscribe request.
Subscribes to updates for a specific resource.
Parameters
	uri - Resource URI

Examples
msg = Hermolaos.Protocol.Messages.resources_subscribe("file:///project/src/main.rs")

  



    

  
    
      
    
    
      resources_templates_list(cursor \\ nil)



        
          
        

    

  


  

      

          @spec resources_templates_list(String.t() | nil) :: map()


      


Builds a resources/templates/list request.
Lists resource templates available on the server.
Parameters
	cursor - Optional pagination cursor


  



  
    
      
    
    
      resources_unsubscribe(uri)



        
          
        

    

  


  

      

          @spec resources_unsubscribe(String.t()) :: map()


      


Builds a resources/unsubscribe request.
Unsubscribes from updates for a specific resource.
Parameters
	uri - Resource URI


  



  
    
      
    
    
      roots_list_changed_notification()



        
          
        

    

  


  

      

          @spec roots_list_changed_notification() :: map()


      


Builds a roots/list_changed notification.
Sent when the client's root list changes.

  



  
    
      
    
    
      roots_list_response(roots)



        
          
        

    

  


  

      

          @spec roots_list_response([map()]) :: map()


      


Builds a response to a roots/list request.
Parameters
	roots - List of root objects

Examples
msg = Hermolaos.Protocol.Messages.roots_list_response([
  %{"uri" => "file:///project", "name" => "Project Root"}
])

  



  
    
      
    
    
      sampling_not_supported_error()



        
          
        

    

  


  

      

          @spec sampling_not_supported_error() :: map()


      


Builds an error response to a sampling/createMessage request.
Used when the client doesn't support sampling.

  



  
    
      
    
    
      tools_call(name, arguments)



        
          
        

    

  


  

      

          @spec tools_call(String.t(), map()) :: map()


      


Builds a tools/call request.
Invokes a tool with the given arguments.
Parameters
	name - Tool name
	arguments - Tool arguments map

Examples
msg = Hermolaos.Protocol.Messages.tools_call("read_file", %{"path" => "/tmp/test.txt"})

  



    

  
    
      
    
    
      tools_list(cursor \\ nil)



        
          
        

    

  


  

      

          @spec tools_list(String.t() | nil) :: map()


      


Builds a tools/list request.
Lists all tools available on the server.
Parameters
	cursor - Optional pagination cursor

Examples
msg = Hermolaos.Protocol.Messages.tools_list()
msg = Hermolaos.Protocol.Messages.tools_list("cursor123")
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Hermolaos.Transport behaviour
    



      
Behaviour defining the transport interface for MCP communication.
A transport is responsible for the low-level communication between an MCP
client and server. MCP supports two standard transports:
	stdio: Communication via stdin/stdout with a subprocess
	HTTP/SSE: Communication via HTTP POST with optional Server-Sent Events

Implementing a Custom Transport
To create a custom transport, implement this behaviour:
defmodule MyApp.CustomTransport do
  @behaviour Hermolaos.Transport
  use GenServer

  @impl Hermolaos.Transport
  def start_link(opts) do
    GenServer.start_link(__MODULE__, opts)
  end

  @impl Hermolaos.Transport
  def send_message(transport, message) do
    GenServer.call(transport, {:send, message})
  end

  @impl Hermolaos.Transport
  def close(transport) do
    GenServer.stop(transport)
  end

  @impl Hermolaos.Transport
  def connected?(transport) do
    GenServer.call(transport, :connected?)
  end

  # GenServer callbacks...
end
Message Flow
Transports communicate with their owner (typically a Connection GenServer)
via messages:
	{:transport_ready, pid} - Transport is ready for messages
	{:transport_message, pid, message} - Received a message from server
	{:transport_closed, pid, reason} - Transport connection closed
	{:transport_error, pid, error} - Transport error occurred

Options
All transports accept these common options:
	:owner - The PID to send messages to (required)
	:name - Optional name for the transport process
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    Types
  


    
      
        message()

      


    


    
      
        send_result()

      


    


    
      
        start_result()

      


    


    
      
        t()

      


    





  
    Callbacks
  


    
      
        cast_message(transport, message)

      


        Sends a message asynchronously (fire-and-forget).



    


    
      
        close(transport)

      


        Closes the transport connection.



    


    
      
        connected?(transport)

      


        Checks if the transport is currently connected.



    


    
      
        info(transport)

      


        Returns transport-specific information.



    


    
      
        send_message(transport, message)

      


        Sends a JSON-RPC message through the transport.



    


    
      
        start_link(opts)

      


        Starts the transport process.



    





  
    Functions
  


    
      
        send(module, transport, message)

      


        Sends a message, falling back to sync send if async is not available.



    


    
      
        valid_transport?(module)

      


        Validates that a module implements the Transport behaviour.



    





      


      
        Types


        


  
    
      
    
    
      message()



        
          
        

    

  


  

      

          @type message() :: map()


      



  



  
    
      
    
    
      send_result()



        
          
        

    

  


  

      

          @type send_result() :: :ok | {:error, term()}


      



  



  
    
      
    
    
      start_result()



        
          
        

    

  


  

      

          @type start_result() :: {:ok, pid()} | {:error, term()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: pid() | GenServer.name()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      cast_message(transport, message)


        (optional)


        
          
        

    

  


  

      

          @callback cast_message(transport :: t(), message :: message()) :: :ok


      


Sends a message asynchronously (fire-and-forget).
This is an optional callback for transports that support non-blocking sends.
If not implemented, defaults to calling send_message/2.

  



  
    
      
    
    
      close(transport)



        
          
        

    

  


  

      

          @callback close(transport :: t()) :: :ok


      


Closes the transport connection.
This should gracefully shut down the transport, cleaning up any resources.
The transport should send {:transport_closed, self(), :normal} to the
owner before terminating.
Returns
	:ok on success


  



  
    
      
    
    
      connected?(transport)



        
          
        

    

  


  

      

          @callback connected?(transport :: t()) :: boolean()


      


Checks if the transport is currently connected.
Returns
	true if connected and ready for messages
	false otherwise


  



  
    
      
    
    
      info(transport)


        (optional)


        
          
        

    

  


  

      

          @callback info(transport :: t()) :: map()


      


Returns transport-specific information.
This is an optional callback for transports to expose metadata like
session IDs, connection state, or statistics.

  



  
    
      
    
    
      send_message(transport, message)



        
          
        

    

  


  

      

          @callback send_message(transport :: t(), message :: message()) :: send_result()


      


Sends a JSON-RPC message through the transport.
The message should be a map that will be JSON-encoded by the transport.
Parameters
	transport - The transport process (PID or name)
	message - The JSON-RPC message map to send

Returns
	:ok on success
	{:error, reason} on failure

Notes
This function may block until the message is sent, or it may be
asynchronous depending on the transport implementation. For non-blocking
sends, consider using cast_message/2 if available.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

          @callback start_link(opts :: keyword()) :: start_result()


      


Starts the transport process.
The transport should send {:transport_ready, self()} to the owner
when it's ready to send and receive messages.
Options
	:owner - PID to receive transport messages (required)
	Other options are transport-specific

Returns
	{:ok, pid} on success
	{:error, reason} on failure


  


        

      

      
        Functions


        


  
    
      
    
    
      send(module, transport, message)



        
          
        

    

  


  

      

          @spec send(module(), t(), message()) :: send_result()


      


Sends a message, falling back to sync send if async is not available.
Examples
Hermolaos.Transport.send(transport_mod, transport_pid, message)

  



  
    
      
    
    
      valid_transport?(module)



        
          
        

    

  


  

      

          @spec valid_transport?(module()) :: boolean()


      


Validates that a module implements the Transport behaviour.
Examples
iex> Hermolaos.Transport.valid_transport?(Hermolaos.Transport.Stdio)
true

iex> Hermolaos.Transport.valid_transport?(String)
false
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HTTP/SSE transport for MCP communication with remote servers.
This transport connects to remote MCP servers using HTTP POST for sending
messages and optionally Server-Sent Events (SSE) for receiving streamed
responses and server-initiated messages.
How It Works
	Messages are sent via HTTP POST to the server endpoint
	Responses come as either JSON (immediate) or SSE stream
	Session state is maintained via Mcp-Session-Id header
	Optional GET endpoint can open persistent SSE stream for server notifications

Example
{:ok, transport} = Hermolaos.Transport.Http.start_link(
  owner: self(),
  url: "http://localhost:3000/mcp"
)

:ok = Hermolaos.Transport.Http.send_message(transport, %{
  "jsonrpc" => "2.0",
  "id" => 1,
  "method" => "initialize",
  "params" => %{}
})
Messages Sent to Owner
	{:transport_ready, pid} - Transport is ready
	{:transport_message, pid, map} - Received a JSON message
	{:transport_closed, pid, reason} - Connection closed
	{:transport_error, pid, error} - Error occurred

Options
	:owner - PID to receive messages (required)
	:url - Server endpoint URL (required)
	:headers - Additional HTTP headers (default: [])
	:req_options - Options passed to Req (default: [])
	:connect_timeout - Connection timeout in ms (default: 30000)
	:receive_timeout - Response timeout in ms (default: 60000)

Performance Notes
This transport uses Req with Finch for connection pooling. Multiple
concurrent requests share the same connection pool, making it efficient
for high-throughput scenarios.
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        state()

      


    


    
      
        stats()

      


    





  
    Functions
  


    
      
        cast_message(transport, message)

      


        Sends a message asynchronously (non-blocking).



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        close(transport)

      


        Closes the transport.



    


    
      
        connected?(transport)

      


        Checks if the transport is connected.



    


    
      
        info(transport)

      


        Returns transport information and statistics.



    


    
      
        send_message(transport, message)

      


        Sends a JSON-RPC message to the server via HTTP POST.



    


    
      
        start_link(opts)

      


        Starts the HTTP transport.



    





      


      
        Types


        


  
    
      
    
    
      option()



        
          
        

    

  


  

      

          @type option() ::
  {:owner, pid()}
  | {:url, String.t()}
  | {:headers, [{String.t(), String.t()}]}
  | {:req_options, keyword()}
  | {:connect_timeout, pos_integer()}
  | {:receive_timeout, pos_integer()}
  | {:name, GenServer.name()}


      



  



  
    
      
    
    
      state()



        
          
        

    

  


  

      

          @type state() :: %{
  owner: pid(),
  url: String.t(),
  session_id: String.t() | nil,
  headers: [{String.t(), String.t()}],
  req_options: keyword(),
  connect_timeout: pos_integer(),
  receive_timeout: pos_integer(),
  connected: boolean(),
  pending_requests: %{required(reference()) => pid()},
  stats: stats()
}


      



  



  
    
      
    
    
      stats()



        
          
        

    

  


  

      

          @type stats() :: %{
  requests_sent: non_neg_integer(),
  responses_received: non_neg_integer(),
  errors: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      cast_message(transport, message)



        
          
        

    

  


  

      

          @spec cast_message(GenServer.server(), map()) :: :ok


      


Sends a message asynchronously (non-blocking).
The HTTP request is performed in a background task.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      close(transport)



        
          
        

    

  


  

      

          @spec close(GenServer.server()) :: :ok


      


Closes the transport.

  



  
    
      
    
    
      connected?(transport)



        
          
        

    

  


  

      

          @spec connected?(GenServer.server()) :: boolean()


      


Checks if the transport is connected.

  



  
    
      
    
    
      info(transport)



        
          
        

    

  


  

      

          @spec info(GenServer.server()) :: map()


      


Returns transport information and statistics.

  



  
    
      
    
    
      send_message(transport, message)



        
          
        

    

  


  

      

          @spec send_message(GenServer.server(), map()) :: :ok | {:error, term()}


      


Sends a JSON-RPC message to the server via HTTP POST.
This is a synchronous call that waits for the HTTP request to complete.
The response message(s) will be sent to the owner process.
Examples
:ok = Hermolaos.Transport.Http.send_message(transport, %{
  "jsonrpc" => "2.0",
  "id" => 1,
  "method" => "tools/list"
})

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

          @spec start_link(keyword()) :: {:ok, pid()} | {:error, term()}


      


Starts the HTTP transport.
Options
	:owner - PID to receive transport messages (required)
	:url - The MCP server endpoint URL (required)
	:headers - Additional HTTP headers (default: [])
	:req_options - Options passed to Req (default: [])
	:connect_timeout - Connection timeout in ms (default: 30000)
	:receive_timeout - Response timeout in ms (default: 60000)
	:name - GenServer name (optional)

Examples
{:ok, pid} = Hermolaos.Transport.Http.start_link(
  owner: self(),
  url: "http://localhost:3000/mcp",
  headers: [{"authorization", "Bearer token"}]
)
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Hermolaos.Transport.MessageBuffer 
    



      
Buffer for handling newline-delimited JSON messages.
MCP stdio transport uses newline-delimited JSON, where each JSON-RPC message
is on its own line. This buffer handles:
	Accumulating partial data chunks
	Splitting on newlines to extract complete messages
	Decoding JSON messages
	Preserving incomplete data for the next chunk

Design Notes
This module is designed for high performance:
	Uses binary operations for efficient string handling
	Minimizes copying by using binary references where possible
	Handles edge cases like empty lines and partial JSON

Examples
iex> buffer = Hermolaos.Transport.MessageBuffer.new()
iex> {messages, buffer} = Hermolaos.Transport.MessageBuffer.append(buffer, ~s({"id":1}\n))
iex> messages
[%{"id" => 1}]

# Partial messages are buffered
iex> buffer = Hermolaos.Transport.MessageBuffer.new()
iex> {[], buffer} = Hermolaos.Transport.MessageBuffer.append(buffer, ~s({"id":))
iex> {[%{"id" => 1}], _} = Hermolaos.Transport.MessageBuffer.append(buffer, ~s(1}\n))
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        stats()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        append(state, data)

      


        Appends data to the buffer and extracts any complete messages.



    


    
      
        buffer_size(message_buffer)

      


        Returns the current buffer size in bytes.



    


    
      
        has_pending?(message_buffer)

      


        Checks if the buffer has pending (incomplete) data.



    


    
      
        new()

      


        Creates a new empty message buffer.



    


    
      
        reset(state)

      


        Resets the buffer, discarding any buffered data.



    


    
      
        stats(message_buffer)

      


        Returns buffer statistics.
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      stats()



        
          
        

    

  


  

      

          @type stats() :: %{
  messages_received: non_neg_integer(),
  bytes_received: non_neg_integer(),
  parse_errors: non_neg_integer()
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hermolaos.Transport.MessageBuffer{buffer: binary(), stats: stats()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      append(state, data)



        
          
        

    

  


  

      

          @spec append(t(), binary()) :: {[map()], t()}


      


Appends data to the buffer and extracts any complete messages.
Returns a tuple of {messages, new_buffer} where:
	messages is a list of decoded JSON maps (may be empty)
	new_buffer is the updated buffer with any incomplete data preserved

Parameters
	buffer - The current buffer state
	data - Binary data to append

Examples
# Single complete message
iex> buffer = Hermolaos.Transport.MessageBuffer.new()
iex> {msgs, _} = Hermolaos.Transport.MessageBuffer.append(buffer, ~s({"jsonrpc":"2.0"}\n))
iex> msgs
[%{"jsonrpc" => "2.0"}]

# Multiple messages in one chunk
iex> buffer = Hermolaos.Transport.MessageBuffer.new()
iex> {msgs, _} = Hermolaos.Transport.MessageBuffer.append(buffer, ~s({"id":1}\n{"id":2}\n))
iex> length(msgs)
2

# Partial message preserved
iex> buffer = Hermolaos.Transport.MessageBuffer.new()
iex> {[], buffer} = Hermolaos.Transport.MessageBuffer.append(buffer, ~s({"partial":))
iex> buffer.buffer
~s({"partial":)

  



  
    
      
    
    
      buffer_size(message_buffer)



        
          
        

    

  


  

      

          @spec buffer_size(t()) :: non_neg_integer()


      


Returns the current buffer size in bytes.
Examples
iex> buffer = %Hermolaos.Transport.MessageBuffer{buffer: "12345"}
iex> Hermolaos.Transport.MessageBuffer.buffer_size(buffer)
5

  



  
    
      
    
    
      has_pending?(message_buffer)



        
          
        

    

  


  

      

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


      


Checks if the buffer has pending (incomplete) data.
Examples
iex> buffer = Hermolaos.Transport.MessageBuffer.new()
iex> Hermolaos.Transport.MessageBuffer.has_pending?(buffer)
false

iex> buffer = %Hermolaos.Transport.MessageBuffer{buffer: "pending"}
iex> Hermolaos.Transport.MessageBuffer.has_pending?(buffer)
true

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      


Creates a new empty message buffer.
Examples
iex> Hermolaos.Transport.MessageBuffer.new()
%Hermolaos.Transport.MessageBuffer{buffer: "", stats: %{messages_received: 0, bytes_received: 0, parse_errors: 0}}

  



  
    
      
    
    
      reset(state)



        
          
        

    

  


  

      

          @spec reset(t()) :: {[map()], t()}


      


Resets the buffer, discarding any buffered data.
Returns any messages that could be extracted from the remaining buffer
before clearing it.
Examples
iex> buffer = %Hermolaos.Transport.MessageBuffer{buffer: "partial data"}
iex> {[], new_buffer} = Hermolaos.Transport.MessageBuffer.reset(buffer)
iex> new_buffer.buffer
""

  



  
    
      
    
    
      stats(message_buffer)



        
          
        

    

  


  

      

          @spec stats(t()) :: stats()


      


Returns buffer statistics.
Examples
iex> buffer = Hermolaos.Transport.MessageBuffer.new()
iex> Hermolaos.Transport.MessageBuffer.stats(buffer)
%{messages_received: 0, bytes_received: 0, parse_errors: 0}
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Hermolaos.Transport.Stdio 
    



      
Stdio transport for MCP communication with local subprocess servers.
This transport launches an MCP server as a subprocess and communicates
via stdin/stdout using newline-delimited JSON messages.
How It Works
	The transport spawns the server command as a subprocess using Erlang ports
	JSON-RPC messages are written to the server's stdin (one per line)
	Responses are read from stdout and buffered until complete
	The owner process receives messages via {:transport_message, pid, msg}

Example
{:ok, transport} = Hermolaos.Transport.Stdio.start_link(
  owner: self(),
  command: "npx",
  args: ["-y", "@modelcontextprotocol/server-filesystem", "/tmp"]
)

:ok = Hermolaos.Transport.Stdio.send_message(transport, %{
  "jsonrpc" => "2.0",
  "id" => 1,
  "method" => "initialize",
  "params" => %{}
})

# Wait for response
receive do
  {:transport_message, ^transport, message} ->
    IO.inspect(message)
end
Messages Sent to Owner
	{:transport_ready, pid} - Transport is ready
	{:transport_message, pid, map} - Received a decoded JSON message
	{:transport_closed, pid, reason} - Server process exited
	{:transport_error, pid, error} - Error occurred

Options
	:owner - PID to receive messages (required)
	:command - Command to execute (required)
	:args - Command arguments (default: [])
	:env - Environment variables as keyword list (default: [])
	:cd - Working directory for the command (default: current directory)
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    Functions
  


    
      
        cast_message(transport, message)

      


        Sends a message asynchronously (non-blocking).



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        close(transport)

      


        Closes the transport, terminating the subprocess.



    


    
      
        connected?(transport)

      


        Checks if the transport is connected to a running subprocess.



    


    
      
        info(transport)

      


        Returns transport information and statistics.



    


    
      
        send_message(transport, message)

      


        Sends a JSON-RPC message to the server via stdin.



    


    
      
        start_link(opts)

      


        Starts the stdio transport.



    





      


      
        Types


        


  
    
      
    
    
      option()



        
          
        

    

  


  

      

          @type option() ::
  {:owner, pid()}
  | {:command, String.t()}
  | {:args, [String.t()]}
  | {:env, [{String.t(), String.t()}]}
  | {:cd, String.t()}
  | {:name, GenServer.name()}


      



  



  
    
      
    
    
      state()



        
          
        

    

  


  

      

          @type state() :: %{
  owner: pid(),
  port: port() | nil,
  command: String.t(),
  args: [String.t()],
  env: [{charlist(), charlist()}],
  cd: String.t() | nil,
  buffer: Hermolaos.Transport.MessageBuffer.t(),
  connected: boolean(),
  exit_status: integer() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      cast_message(transport, message)



        
          
        

    

  


  

      

          @spec cast_message(GenServer.server(), map()) :: :ok


      


Sends a message asynchronously (non-blocking).

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      close(transport)



        
          
        

    

  


  

      

          @spec close(GenServer.server()) :: :ok


      


Closes the transport, terminating the subprocess.

  



  
    
      
    
    
      connected?(transport)



        
          
        

    

  


  

      

          @spec connected?(GenServer.server()) :: boolean()


      


Checks if the transport is connected to a running subprocess.

  



  
    
      
    
    
      info(transport)



        
          
        

    

  


  

      

          @spec info(GenServer.server()) :: map()


      


Returns transport information and statistics.

  



  
    
      
    
    
      send_message(transport, message)



        
          
        

    

  


  

      

          @spec send_message(GenServer.server(), map()) :: :ok | {:error, term()}


      


Sends a JSON-RPC message to the server via stdin.
The message map is JSON-encoded and sent as a single line.
Examples
:ok = Hermolaos.Transport.Stdio.send_message(transport, %{
  "jsonrpc" => "2.0",
  "id" => 1,
  "method" => "ping"
})

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

          @spec start_link(keyword()) :: {:ok, pid()} | {:error, term()}


      


Starts the stdio transport.
Options
	:owner - PID to receive transport messages (required)
	:command - The command to execute (required)
	:args - List of command arguments (default: [])
	:env - Environment variables as [{name, value}] (default: [])
	:cd - Working directory for the command (optional)
	:name - GenServer name (optional)

Examples
{:ok, pid} = Hermolaos.Transport.Stdio.start_link(
  owner: self(),
  command: "/usr/bin/python3",
  args: ["-m", "mcp_server"]
)
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GenServer managing a single MCP connection.
The Connection is the core component of the Hermolaos client. It manages:
	Transport lifecycle (stdio or HTTP)
	Protocol initialization handshake
	Request/response correlation
	Server notification handling
	Connection state machine

State Machine
:disconnected --> :connecting --> :initializing --> :ready
      ^              |                |               |
      |              v                v               v
      +------------- (error) --------+---------------+
Usage
Typically, you don't interact with Connection directly. Use the
Hermolaos module for a higher-level API.
Example
{:ok, conn} = Hermolaos.Client.Connection.start_link(
  transport: :stdio,
  command: "npx",
  args: ["-y", "@modelcontextprotocol/server-filesystem", "/tmp"]
)

{:ok, tools} = Hermolaos.Client.Connection.request(conn, "tools/list", %{})
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        t()

      


    


    
      
        transport_type()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        disconnect(conn)

      


        Disconnects from the server.



    


    
      
        notify(conn, method, params)

      


        Sends a notification (no response expected).



    


    
      
        request(conn, method, params, opts \\ [])

      


        Sends a request and waits for a response.



    


    
      
        server_capabilities(conn)

      


        Gets server capabilities from the initialization response.



    


    
      
        server_info(conn)

      


        Gets server information from the initialization response.



    


    
      
        start_link(opts)

      


        Starts a new MCP connection.



    


    
      
        status(conn)

      


        Gets the current connection status.
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      option()



        
          
        

    

  


  

      

          @type option() ::
  {:transport, transport_type()}
  | {:command, String.t()}
  | {:args, [String.t()]}
  | {:url, String.t()}
  | {:headers, [{String.t(), String.t()}]}
  | {:client_info, map()}
  | {:capabilities, map()}
  | {:notification_handler, module() | {module(), term()}}
  | {:timeout, pos_integer()}
  | {:name, GenServer.name()}


      



  



  
    
      
    
    
      state()



        
          
        

    

  


  

      

          @type state() :: %{
  status: status(),
  transport_type: transport_type(),
  transport_mod: module(),
  transport_pid: pid() | nil,
  transport_opts: keyword(),
  tracker_pid: pid() | nil,
  server_info: map() | nil,
  server_capabilities: map() | nil,
  client_capabilities: map(),
  client_info: map(),
  protocol_version: String.t() | nil,
  notification_handler: module() | {module(), term()} | nil,
  pending_init: GenServer.from() | nil,
  default_timeout: pos_integer()
}


      



  



  
    
      
    
    
      status()



        
          
        

    

  


  

      

          @type status() :: :disconnected | :connecting | :initializing | :ready


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      transport_type()



        
          
        

    

  


  

      

          @type transport_type() :: :stdio | :http


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      disconnect(conn)



        
          
        

    

  


  

      

          @spec disconnect(t()) :: :ok


      


Disconnects from the server.

  



  
    
      
    
    
      notify(conn, method, params)



        
          
        

    

  


  

      

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


      


Sends a notification (no response expected).
Parameters
	conn - The connection process
	method - JSON-RPC method name
	params - Notification parameters

Examples
:ok = Hermolaos.Client.Connection.notify(conn, "notifications/cancelled", %{requestId: 1})

  



    

  
    
      
    
    
      request(conn, method, params, opts \\ [])



        
          
        

    

  


  

      

          @spec request(t(), String.t(), map(), keyword()) :: {:ok, map()} | {:error, term()}


      


Sends a request and waits for a response.
Parameters
	conn - The connection process
	method - JSON-RPC method name
	params - Request parameters
	opts - Options:	:timeout - Override default timeout



Returns
	{:ok, result} - Success with result map
	{:error, reason} - Error occurred

Examples
{:ok, %{"tools" => tools}} = Hermolaos.Client.Connection.request(conn, "tools/list", %{})

  



  
    
      
    
    
      server_capabilities(conn)



        
          
        

    

  


  

      

          @spec server_capabilities(t()) :: {:ok, map()} | {:error, :not_initialized}


      


Gets server capabilities from the initialization response.

  



  
    
      
    
    
      server_info(conn)



        
          
        

    

  


  

      

          @spec server_info(t()) :: {:ok, map()} | {:error, :not_initialized}


      


Gets server information from the initialization response.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

          @spec start_link(keyword()) :: {:ok, pid()} | {:error, term()}


      


Starts a new MCP connection.
Options
Transport Options (one required)
For stdio transport:
	:transport - Set to :stdio
	:command - Command to execute (required)
	:args - Command arguments (default: [])

For HTTP transport:
	:transport - Set to :http
	:url - Server URL (required)
	:headers - Additional HTTP headers (default: [])

Common Options
	:client_info - Client identification (default: Hermolaos info)
	:capabilities - Client capabilities (default: standard capabilities)
	:notification_handler - Module or {module, state} for handling notifications
	:timeout - Default request timeout in ms (default: 30000)
	:name - GenServer name (optional)

Examples
# Stdio transport
{:ok, conn} = Hermolaos.Client.Connection.start_link(
  transport: :stdio,
  command: "/usr/bin/python3",
  args: ["-m", "my_mcp_server"]
)

# HTTP transport
{:ok, conn} = Hermolaos.Client.Connection.start_link(
  transport: :http,
  url: "http://localhost:3000/mcp"
)

  



  
    
      
    
    
      status(conn)



        
          
        

    

  


  

      

          @spec status(t()) :: status()


      


Gets the current connection status.
Returns
	:disconnected - Not connected
	:connecting - Transport starting
	:initializing - Performing MCP handshake
	:ready - Ready for requests
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Behaviour for handling MCP server notifications and requests.
When a server sends notifications (like list_changed events) or requests
(like ping or sampling), they are dispatched to a notification handler
if one is configured.
Implementing a Handler
defmodule MyApp.MCPHandler do
  @behaviour Hermolaos.Client.NotificationHandler

  @impl true
  def handle_notification({:notification, "notifications/tools/list_changed", _params}, state) do
    IO.puts("Tools list changed!")
    {:ok, state}
  end

  def handle_notification({:notification, method, params}, state) do
    IO.puts("Got notification: #{method}")
    {:ok, state}
  end

  def handle_notification({:request, "ping", _params}, state) do
    # ping is handled automatically, but you can observe it
    {:ok, state}
  end

  def handle_notification(_event, state) do
    {:ok, state}
  end
end
Using the Handler
{:ok, conn} = Hermolaos.Client.Connection.start_link(
  transport: :stdio,
  command: "my-server",
  notification_handler: {MyApp.MCPHandler, %{}}
)
Event Types
Events are tuples with one of these formats:
	{:notification, method, params} - Server notification
	{:request, method, params} - Server request (ping, sampling, etc.)

Common Notifications
	notifications/tools/list_changed - Available tools changed
	notifications/resources/list_changed - Available resources changed
	notifications/resources/updated - A specific resource was updated
	notifications/prompts/list_changed - Available prompts changed
	notifications/progress - Progress update for long operation
	notifications/message - Log message from server
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        handle_notification(event, state)

      


        Called when a server notification or request is received.
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      event()



        
          
        

    

  


  

      

          @type event() ::
  {:notification, String.t(), map() | nil} | {:request, String.t(), map() | nil}


      



  



  
    
      
    
    
      handler_state()



        
          
        

    

  


  

      

          @type handler_state() :: term()
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      handle_notification(event, state)



        
          
        

    

  


  

      

          @callback handle_notification(event :: event(), state :: handler_state()) ::
  {:ok, handler_state()} | :ok


      


Called when a server notification or request is received.
Parameters
	event - The event tuple
	state - Handler state (or nil if no state was provided)

Returns
	{:ok, new_state} - Continue with updated state
	:ok - Continue with unchanged state (convenience for stateless handlers)
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Hermolaos.Client.RequestTracker 
    



      
Tracks pending JSON-RPC requests and correlates them with responses.
The RequestTracker maintains a mapping of request IDs to caller information,
enabling the Connection to route responses back to the correct caller.
Features
	Monotonically increasing integer IDs for efficiency
	ETS-backed storage for O(1) lookups and concurrent access
	Automatic timeout handling with configurable defaults
	Statistics tracking for monitoring

Design Notes
This module uses ETS for storage because:
	Performance: O(1) lookups regardless of pending request count
	Concurrency: ETS tables support concurrent reads without locking
	Isolation: Each tracker has its own table, crashes don't affect others

Example
{:ok, tracker} = Hermolaos.Client.RequestTracker.start_link(timeout: 30_000)

# Track a request
id = Hermolaos.Client.RequestTracker.next_id(tracker)
:ok = Hermolaos.Client.RequestTracker.track(tracker, id, "tools/list", from)

# When response arrives, complete the request
{:ok, from, method} = Hermolaos.Client.RequestTracker.complete(tracker, id)
GenServer.reply(from, result)
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    Functions
  


    
      
        cancel(tracker, id)

      


        Cancels a pending request.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        complete(tracker, id)

      


        Completes a pending request successfully.



    


    
      
        fail(tracker, id, error)

      


        Fails a pending request with an error.



    


    
      
        fail_all(tracker, error)

      


        Fails all pending requests (e.g., when connection closes).



    


    
      
        next_id(tracker)

      


        Gets the next request ID (monotonically increasing integer).



    


    
      
        pending?(tracker, id)

      


        Checks if a request ID is currently pending.



    


    
      
        pending_count(tracker)

      


        Returns the number of pending requests.



    


    
      
        start_link(opts \\ [])

      


        Starts a new request tracker.



    


    
      
        stats(tracker)

      


        Returns tracker statistics.



    


    
      
        track(tracker, id, method, from, timeout \\ nil)

      


        Tracks a pending request.



    





      


      
        Types


        


  
    
      
    
    
      from()



        
          
        

    

  


  

      

          @type from() :: GenServer.from()
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          @type id() :: integer()


      



  



  
    
      
    
    
      method()



        
          
        

    

  


  

      

          @type method() :: String.t()


      



  



  
    
      
    
    
      pending_request()



        
          
        

    

  


  

      

          @type pending_request() :: %{
  method: method(),
  from: from(),
  timeout_ref: reference() | nil,
  started_at: integer()
}


      



  



  
    
      
    
    
      stats()



        
          
        

    

  


  

      

          @type stats() :: %{
  requests_tracked: non_neg_integer(),
  requests_completed: non_neg_integer(),
  requests_failed: non_neg_integer(),
  requests_timed_out: non_neg_integer(),
  requests_cancelled: non_neg_integer()
}
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          @type t() :: GenServer.server()
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          @spec cancel(t(), id()) :: :ok


      


Cancels a pending request.
Examples
:ok = Hermolaos.Client.RequestTracker.cancel(tracker, 1)

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.
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          @spec complete(t(), id()) :: {:ok, from(), method()} | {:error, :not_found}


      


Completes a pending request successfully.
Returns the original caller's from and method so the caller can be notified.
Examples
case Hermolaos.Client.RequestTracker.complete(tracker, 1) do
  {:ok, from, "tools/list"} ->
    GenServer.reply(from, {:ok, result})

  {:error, :not_found} ->
    # Request already completed, timed out, or never existed
    :ok
end
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          @spec fail(t(), id(), term()) :: {:ok, from(), method()} | {:error, :not_found}


      


Fails a pending request with an error.
Examples
case Hermolaos.Client.RequestTracker.fail(tracker, 1, error) do
  {:ok, from, method} ->
    GenServer.reply(from, {:error, error})

  {:error, :not_found} ->
    :ok
end

  



  
    
      
    
    
      fail_all(tracker, error)



        
          
        

    

  


  

      

          @spec fail_all(t(), term()) :: [{from(), method()}]


      


Fails all pending requests (e.g., when connection closes).
Returns the list of failed requests with their callers.
Examples
failed = Hermolaos.Client.RequestTracker.fail_all(tracker, {:error, :connection_closed})
for {from, method} <- failed do
  GenServer.reply(from, {:error, :connection_closed})
end
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          @spec next_id(t()) :: id()


      


Gets the next request ID (monotonically increasing integer).
Examples
id = Hermolaos.Client.RequestTracker.next_id(tracker)
# => 1

id = Hermolaos.Client.RequestTracker.next_id(tracker)
# => 2

  



  
    
      
    
    
      pending?(tracker, id)



        
          
        

    

  


  

      

          @spec pending?(t(), id()) :: boolean()


      


Checks if a request ID is currently pending.

  



  
    
      
    
    
      pending_count(tracker)



        
          
        

    

  


  

      

          @spec pending_count(t()) :: non_neg_integer()


      


Returns the number of pending requests.
Examples
count = Hermolaos.Client.RequestTracker.pending_count(tracker)
# => 5
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          @spec start_link(keyword()) :: {:ok, pid()} | {:error, term()}


      


Starts a new request tracker.
Options
	:timeout - Default timeout for requests in ms (default: 30000)
	:name - GenServer name (optional)

Examples
{:ok, tracker} = Hermolaos.Client.RequestTracker.start_link()
{:ok, tracker} = Hermolaos.Client.RequestTracker.start_link(timeout: 60_000)
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          @spec stats(t()) :: stats()


      


Returns tracker statistics.
Examples
stats = Hermolaos.Client.RequestTracker.stats(tracker)
# => %{requests_tracked: 100, requests_completed: 95, ...}
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          @spec track(t(), id(), method(), from(), timeout() | nil) :: :ok


      


Tracks a pending request.
Parameters
	tracker - The tracker process
	id - Request ID (from next_id/1)
	method - JSON-RPC method name
	from - GenServer from tuple for reply
	timeout - Optional timeout override in ms

Examples
:ok = Hermolaos.Client.RequestTracker.track(tracker, 1, "tools/list", from)
:ok = Hermolaos.Client.RequestTracker.track(tracker, 2, "tools/call", from, 60_000)
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Exception struct for MCP/JSON-RPC errors.
This exception can be raised when an MCP operation fails with an error
response from the server or a client-side error occurs.
Examples
try do
  result = Hermolaos.call_tool(client, "unknown_tool", %{})
rescue
  e in Hermolaos.Error ->
    IO.puts("Tool call failed: #{e.message}")
    IO.puts("Error code: #{e.code}")
end

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(code, message, data \\ nil)

      


        Creates a new Hermolaos.Error from components.
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          @type t() :: %Hermolaos.Error{
  __exception__: true,
  code: integer(),
  data: term(),
  message: String.t()
}
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          @spec new(integer(), String.t(), term()) :: t()


      


Creates a new Hermolaos.Error from components.
Examples
iex> Hermolaos.Error.new(-32601, "Method not found")
%Hermolaos.Error{code: -32601, message: "Method not found", data: nil}
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Connection pool for managing multiple MCP connections.
The Pool provides load balancing and fault tolerance for MCP operations
by maintaining multiple connections to one or more servers.
Use Cases
	High throughput: Distribute requests across multiple connections
	Redundancy: Multiple connections to the same server for failover
	Multi-server: Connect to multiple MCP servers simultaneously

Architecture
The Pool uses a DynamicSupervisor to manage connections. Each connection
is a supervised Hermolaos.Client.Connection process. The pool uses a
Registry for efficient connection lookup.
Example
# Start a pool
{:ok, pool} = Hermolaos.Pool.start_link(
  name: MyApp.MCPPool,
  connections: [
    [transport: :stdio, command: "server1"],
    [transport: :stdio, command: "server2"]
  ]
)

# Use checkout/checkin pattern
{:ok, conn} = Hermolaos.Pool.checkout(MyApp.MCPPool)
result = Hermolaos.call_tool(conn, "my_tool", %{})
Hermolaos.Pool.checkin(MyApp.MCPPool, conn)

# Or use transaction for automatic checkin
result = Hermolaos.Pool.transaction(MyApp.MCPPool, fn conn ->
  Hermolaos.call_tool(conn, "my_tool", %{})
end)
Strategies
	:round_robin - Rotate through available connections (default)
	:random - Randomly select a connection
	:least_busy - Select connection with fewest pending requests

Pool as Hermolaos Client
The pool itself implements the same interface as a single connection,
so you can use Hermolaos.call_tool/4 etc. directly with the pool name.
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        add_connection(pool, opts)

      


        Adds a new connection to the pool.



    


    
      
        checkin(pool, conn)

      


        Checks a connection back into the pool.



    


    
      
        checkout(pool, opts \\ [])

      


        Checks out a connection from the pool.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        connections(pool)

      


        Returns the list of all connections in the pool.



    


    
      
        handle_info(arg, state)

      


    


    
      
        remove_connection(pool, conn)

      


        Removes a connection from the pool.



    


    
      
        start_link(opts)

      


        Starts a connection pool.



    


    
      
        stats(pool)

      


        Returns pool statistics.



    


    
      
        transaction(pool, fun)

      


        Executes a function with a checked-out connection.



    





      


      
        Types


        


  
    
      
    
    
      pool()



        
          
        

    

  


  

      

          @type pool() :: Supervisor.supervisor()


      



  



  
    
      
    
    
      pool_option()



        
          
        

    

  


  

      

          @type pool_option() ::
  {:name, atom()}
  | {:connections, [keyword()]}
  | {:size, pos_integer()}
  | {:strategy, strategy()}
  | {:connection_opts, keyword()}


      



  



  
    
      
    
    
      strategy()



        
          
        

    

  


  

      

          @type strategy() :: :round_robin | :random | :least_busy


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add_connection(pool, opts)



        
          
        

    

  


  

      

          @spec add_connection(
  pool(),
  keyword()
) :: {:ok, Hermolaos.Client.Connection.t()} | {:error, term()}


      


Adds a new connection to the pool.
Examples
{:ok, conn} = Hermolaos.Pool.add_connection(MyPool, transport: :stdio, command: "new-server")

  



  
    
      
    
    
      checkin(pool, conn)



        
          
        

    

  


  

      

          @spec checkin(pool(), Hermolaos.Client.Connection.t()) :: :ok


      


Checks a connection back into the pool.
This is a no-op in the current implementation but is included for
API compatibility with checkout/checkin patterns.

  



    

  
    
      
    
    
      checkout(pool, opts \\ [])



        
          
        

    

  


  

      

          @spec checkout(
  pool(),
  keyword()
) :: {:ok, Hermolaos.Client.Connection.t()} | {:error, :no_connections}


      


Checks out a connection from the pool.
Returns a connection that should be checked back in after use,
or used within a transaction/2 block.
Options
	:timeout - Maximum time to wait for a connection (default: 5000)

Examples
{:ok, conn} = Hermolaos.Pool.checkout(MyPool)
# use conn...
Hermolaos.Pool.checkin(MyPool, conn)

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      connections(pool)



        
          
        

    

  


  

      

          @spec connections(pool()) :: [Hermolaos.Client.Connection.t()]


      


Returns the list of all connections in the pool.

  



  
    
      
    
    
      handle_info(arg, state)



        
          
        

    

  


  


  



  
    
      
    
    
      remove_connection(pool, conn)



        
          
        

    

  


  

      

          @spec remove_connection(pool(), Hermolaos.Client.Connection.t()) ::
  :ok | {:error, :not_found}


      


Removes a connection from the pool.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

          @spec start_link(keyword()) :: {:ok, pid()} | {:error, term()}


      


Starts a connection pool.
Options
	:name - Pool name (required, used for registration)
	:connections - List of connection option keyword lists
	:size - Number of identical connections (alternative to :connections)
	:connection_opts - Common options for all connections when using :size
	:strategy - Load balancing strategy (default: :round_robin)

Examples
# Multiple connections with explicit configs
{:ok, pool} = Hermolaos.Pool.start_link(
  name: MyPool,
  connections: [
    [transport: :stdio, command: "server1"],
    [transport: :http, url: "http://localhost:3000/mcp"]
  ]
)

# Pool of identical connections
{:ok, pool} = Hermolaos.Pool.start_link(
  name: MyPool,
  size: 4,
  connection_opts: [transport: :stdio, command: "my-server"]
)

  



  
    
      
    
    
      stats(pool)



        
          
        

    

  


  

      

          @spec stats(pool()) :: map()


      


Returns pool statistics.

  



  
    
      
    
    
      transaction(pool, fun)



        
          
        

    

  


  

      

          @spec transaction(pool(), (Hermolaos.Client.Connection.t() -> result)) :: result
when result: term()


      


Executes a function with a checked-out connection.
Automatically checks in the connection after the function completes.
Examples
result = Hermolaos.Pool.transaction(MyPool, fn conn ->
  Hermolaos.call_tool(conn, "my_tool", %{arg: "value"})
end)
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