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    LangChain MCP

Model Context Protocol (MCP) integration for LangChain Elixir. This library enables LangChain applications to use MCP servers as tool providers, giving instant access to the growing ecosystem of MCP servers.
Features
	🔌 Easy Integration - Add MCP tools to your LangChain workflows with minimal code
	🛠️ Tool Discovery - Automatically discover and convert MCP tools to LangChain functions
	🔄 Fallback Support - Configure fallback MCP clients for resilient tool execution
	📦 Multi-modal Content - Full support for text, images, and other content types
	⚙️ Configurable - Cache tool discovery, configure timeouts, async execution
	🧪 Testing - Mock support for unit tests, live test infrastructure with Docker
	📊 Status Monitoring - Real-time monitoring of MCP client health with LiveView support

Installation
Add langchain_mcp to your dependencies in mix.exs:
def deps do
  [
    {:langchain, "~> 0.4"},
    {:langchain_mcp, "~> 0.1"}
  ]
end
Quick Start
1. Define an MCP Client
defmodule MyApp.GitHubMCP do
  use LangChain.MCP.Client,
    name: "MyApp",
    version: "1.0.0",
    protocol_version: "2025-03-26"
end
2. Start the Client in Your Supervision Tree
defmodule MyApp.Application do
  use Application

  def start(_type, _args) do
    children = [
      {MyApp.GitHubMCP,
       transport: {:streamable_http, base_url: "http://localhost:5000"}}
    ]

    Supervisor.start_link(children, strategy: :one_for_one)
  end
end
3. Use MCP Tools in Your Chain
alias LangChain.Chains.LLMChain
alias LangChain.ChatModels.ChatAnthropic
alias LangChain.Message
alias LangChain.MCP.Adapter

# Create adapter and discover tools
adapter = Adapter.new(client: MyApp.GitHubMCP)
mcp_functions = Adapter.to_functions(adapter)

# Mix with regular functions
all_functions = [
  MyApp.Functions.custom_function()
] ++ mcp_functions

# Use in chain
{:ok, updated_chain} =
  LLMChain.new!(%{llm: ChatAnthropic.new!()})
  |> LLMChain.add_tools(all_functions)
  |> LLMChain.add_message(Message.new_user!("Create a GitHub issue for this bug"))
  |> LLMChain.run(mode: :while_needs_response)
Configuration Options
Adapter Options
adapter = Adapter.new(
  client: MyApp.MCPClient,
  # Cache tool discovery (default: true)
  cache_tools: true,
  # Timeout for tool calls in ms (default: 30_000)
  timeout: 30_000,
  # Mark tools as async (default: false)
  async: false,
  # Fallback client if primary fails
  fallback_client: MyApp.BackupMCPClient,
  # Filter which tools to expose (default: all)
  tool_filter: fn tool -> tool["name"] not in ["dangerous_tool"] end
)
Selective Tool Discovery
# Get only specific tools
mcp_functions = Adapter.to_functions(adapter, only: ["search", "fetch"])

# Exclude certain tools
mcp_functions = Adapter.to_functions(adapter, except: ["admin_tool"])
Status Monitoring
Monitor the health and status of your MCP clients in real-time.
Register Clients
Register clients from your Application module:
defmodule MyApp.Application do
  use Application
  alias LangChain.MCP.StatusMonitor

  def start(_type, _args) do
    children = [
      {MyApp.GitHubMCP, transport: {:streamable_http, base_url: "http://localhost:5000"}}
    ]

    {:ok, _pid} = Supervisor.start_link(children, strategy: :one_for_one)

    # Register clients for status monitoring
    StatusMonitor.register_client_by_name(MyApp.GitHubMCP, :github)

    {:ok, self()}
  end
end
Query Client Status
alias LangChain.MCP.StatusMonitor

# Check if registered
StatusMonitor.registered?(:github)
# => true

# Get client status
StatusMonitor.get_client_status(:github)
# => {:ok, %{pid: #PID<0.123.0>}}

# Get health summary
StatusMonitor.health_summary()
# => %{
#   healthy_clients: [:github, :filesystem],
#   unhealthy_clients: [],
#   total_clients: 2,
#   uptime_percentage: 100.0
# }

# Get dashboard-ready status
StatusMonitor.dashboard_status()
Phoenix LiveView Integration
A complete LiveView example is included for real-time status monitoring:
	Auto-refreshing dashboard (every 2 seconds)
	Color-coded health indicators
	Uptime percentage tracking
	Detailed client information

See examples/phoenix_liveview_example.ex and STATUS_MONITOR.md for complete documentation.
Fallback Support
Similar to LangChain's LLM fallbacks, you can configure fallback MCP clients:
adapter = Adapter.new(
  client: MyApp.PrimaryMCP,
  fallback_client: MyApp.BackupMCP,
  # Optional: modify behavior before fallback
  before_fallback: fn _adapter, tool_name, _args ->
    Logger.warning("Falling back for tool: #{tool_name}")
    :continue  # or :skip to skip fallback
  end
)
Testing
Unit Tests with Mocks
defmodule MyApp.MyAgentTest do
  use ExUnit.Case

  setup do
    # Use Anubis mock transport for testing
    {:ok, client} = MyApp.TestMCP.start_link(
      transport: {:mock, responses: %{
        "list_tools" => %{"tools" => [...]},
        "call_tool" => %{"content" => [...]}
      }}
    )

    {:ok, client: client}
  end

  test "agent uses MCP tools", %{client: _client} do
    # Your test here
  end
end
Live Integration Tests
This project includes a built-in Elixir-based MCP test server - no Docker needed!
Step 1: Start the test server
mix test_server

This starts an MCP server on http://localhost:5000 with test tools:
	get_current_time - Get current time in UTC or specified timezone
	get_timestamp - Get current Unix timestamp
	add_numbers - Add two numbers together

Step 2: Run integration tests (in a separate terminal)
mix test --include live_call

Custom port: If you need to use a different port:
# Terminal 1: Start server on custom port
mix test_server --port 5000

# Terminal 2: Run tests with custom URL
MCP_TEST_URL=http://localhost:5000 mix test --include live_call

Example live test:
@tag :live_call
test "integrates with real MCP server" do
  adapter = Adapter.new(client: MyApp.MCPClient)
  functions = Adapter.to_functions(adapter)

  assert length(functions) > 0
end
Using Docker (Optional)
If you prefer Docker or need to test against external MCP servers, you can use docker-compose:
# Start Docker-based MCP servers
docker-compose up -d

# Run tests
mix test --include live_call

Note: Most official MCP servers (like mcp_server_time) use stdio transport and cannot be accessed via HTTP without a wrapper. The built-in Elixir test server is the recommended approach.
Available MCP Servers
Many MCP servers are available via Docker Hub:
	mcp/time - Time and timezone operations
	mcp/github - GitHub API integration
	mcp/postgres - PostgreSQL database access
	mcp/sqlite - SQLite database operations
	mcp/puppeteer - Browser automation

See Docker Hub MCP Catalog for more.
Contributing
Quality Checks
Before pushing, ensure code meets quality standards:
# Run all checks (same as CI)
mix quality_check

# Or run individually:
mix format --check-formatted    # Code formatting  
mix credo --strict              # L linting
mix dialyzer                    # Type checking
mix test --exclude live_call    # Unit tests only

The automated release workflow requires these checks to pass. Use mix quality_check locally before committing.
Testing
	Unit tests: Standard ExUnit with mocking via :mimic
	Integration tests: Tagged :live_call, require running test server

# Start test server (Terminal 1)
mix test_server

# Run integration tests (Terminal 2)  
mix test --include live_call

Architecture
┌─────────────────────────┐
│   LangChain.LLMChain    │
│   + tools: [Function]   │
└────────────┬────────────┘
             │
             ├─── Regular Functions
             │
             └─── MCP Functions (via Adapter)
                  │
                  ▼
         ┌────────────────────┐
         │  LangChain.MCP     │
         │  • Adapter         │
         │  • SchemaConverter │
         │  • ToolExecutor    │
         │  • ContentMapper   │
         │  • ErrorHandler    │
         └────────┬───────────┘
                  │
                  ▼
         ┌────────────────────┐
         │  Anubis.Client     │
         │  (GenServer)       │
         └────────┬───────────┘
                  │
                  ▼
         ┌────────────────────┐
         │   MCP Server       │
         │ (Docker/External)  │
         └────────────────────┘
License
Apache 2.0 License. See LICENSE for details.
Links
	LangChain Elixir
	Anubis MCP
	Model Context Protocol
	MCP Servers Catalog



  

    Changelog

All notable changes to this project will be documented in this file.
The format is based on Keep a Changelog,
and this project adheres to Semantic Versioning.
[Unreleased]
Added
	Status Monitor: Lightweight solution for monitoring MCP clients in real-time with uptime percentage tracking
	Langchain.MCP.Client wrapper: Decouples Anubis from application, removing dependency requirement
	Automated release process: CI workflow automation for streamlined publishing

Changed
	Default test server port: Changed from 4000 to 5000 to avoid conflicts with Phoenix applications
	Folder structure reorganization: Flattened paths (lib/langchain/mcp → langchain_mcp, test/langchain/mcp → test/langchain_mcp)
	Markdown formatting: Auto-formatted documentation files using CommonMark standards

Fixed
	ToolExecutor issues resolved
	Test flakiness problems fixed with centralized client management (async: false and proper cleanup)
	Registry test bleed eliminated through centralized deregistration
	Dialyzer type checking issues resolved
	Credo linting readability/refactoring opportunities addressed

[0.1.0] - Initial release
Added
	LangChain.MCP.Adapter for converting MCP tools to LangChain functions
	LangChain.MCP.SchemaConverter for JSON Schema to FunctionParam conversion
	LangChain.MCP.ToolExecutor for executing MCP tools
	LangChain.MCP.ContentMapper for multi-modal content mapping
	LangChain.MCP.ErrorHandler for error translation
	Fallback client support for resilient tool execution
	Configurable tool caching
	Test infrastructure with mcp/time Docker server
	Comprehensive documentation and examples



  

    
LangChain.MCP.Application 
    



      
Application supervisor for LangChain MCP.
Starts the Registry used by StatusMonitor to track MCP client status.

      




  

    
LangChain.MCP.Client 
    



      
Wrapper for creating MCP clients that decouples from Anubis.Client.
This module wraps Anubis.Client to decouple your application from the
underlying MCP implementation.
Usage
defmodule MyApp.GitHubMCP do
  use LangChain.MCP.Client,
    name: "GitHub MCP",
    version: "1.0.0",
    protocol_version: "2025-03-26"
end

# Start the client
{:ok, pid} = MyApp.GitHubMCP.start_link(
  transport: {:streamable_http, base_url: "http://localhost:5000"}
)
StatusMonitor Integration
To monitor client health with LangChain.MCP.StatusMonitor, register clients
from your Application module:
defmodule MyApp.Application do
  use Application
  alias LangChain.MCP.StatusMonitor

  def start(_type, _args) do
    children = [
      {MyApp.GitHubMCP,
        transport: {:streamable_http, base_url: "http://localhost:5000"}}
    ]

    {:ok, _pid} = Supervisor.start_link(children, strategy: :one_for_one)

    # Register clients for status monitoring
    StatusMonitor.register_client_by_name(MyApp.GitHubMCP, :github)

    {:ok, self()}
  end
end
See LangChain.MCP.StatusMonitor for more details on monitoring.

      




  

    
LangChain.MCP.StatusMonitor 
    



      
Monitor and track the status of MCP clients using the Elixir Registry.
This module provides a lightweight solution for tracking multiple MCP clients
without requiring additional GenServers. Each client GenServer registers itself
with the StatusMonitor, which can then be queried for real-time status updates.
Usage
# Register a client
{:ok, _} = StatusMonitor.register_client(:my_client, client_pid)

# Get client status
{:ok, status} = StatusMonitor.get_client_status(:my_client)

# Get all clients
all_clients = StatusMonitor.get_all_clients_status()

# Health check
{ping, status} = StatusMonitor.health_check(:my_client)

# Health summary
summary = StatusMonitor.health_summary()

      


      
        Summary


  
    Functions
  


    
      
        count_clients()

      


        Get count of registered clients.



    


    
      
        dashboard_status()

      


        Get detailed status for real-time monitoring dashboards.



    


    
      
        get_all_clients_status()

      


        Get the status of all registered clients.



    


    
      
        get_client_status(name)

      


        Get the status of a specific client.



    


    
      
        health_check(name)

      


        Perform a health check on a specific client.



    


    
      
        health_summary()

      


        Get a summary of all client health statuses.



    


    
      
        list_clients()

      


        List all registered client names.



    


    
      
        periodic_status_update()

      


        Get a periodic status update for all clients suitable for real-time dashboards.



    


    
      
        register_client(name, client_pid)

      


        Register a client for status monitoring.



    


    
      
        register_client_by_name(module, registry_name, timeout \\ 5000)

      


        Register a client by module name after it has been started.



    


    
      
        registered?(name)

      


        Check if a specific client is registered.



    


    
      
        unregister_client(name)

      


        Unregister a client from status monitoring.



    





      


      
        Functions


        


  
    
      
    
    
      count_clients()



        
          
        

    

  


  

Get count of registered clients.
Returns
	Integer count of registered clients


  



  
    
      
    
    
      dashboard_status()



        
          
        

    

  


  

Get detailed status for real-time monitoring dashboards.
Includes client health, uptime percentage, and detailed error information.
Returns
	Map with:	:clients - Map of client name to detailed status
	:summary - Health summary with uptime percentage
	:timestamp - Current timestamp




  



  
    
      
    
    
      get_all_clients_status()



        
          
        

    

  


  

Get the status of all registered clients.
Returns
	Map with client names as keys and {:ok, status} or {:error, reason} as values


  



  
    
      
    
    
      get_client_status(name)



        
          
        

    

  


  

Get the status of a specific client.
Parameters
	name - Atom name of the client

Returns
	{:ok, %{pid: pid}} - Client is registered and available
	{:error, :client_not_registered} - Client is not registered
	{:error, {:client_unavailable, reason}} - Client process is dead


  



  
    
      
    
    
      health_check(name)



        
          
        

    

  


  

Perform a health check on a specific client.
Parameters
	name - Atom name of the client

Returns
	{ping_result, status_result} - Tuple with ping and status check results


  



  
    
      
    
    
      health_summary()



        
          
        

    

  


  

Get a summary of all client health statuses.
Returns
	Map with keys:	:healthy_clients - List of client names that are healthy
	:unhealthy_clients - List of client names that are unhealthy
	:total_clients - Total number of clients
	:uptime_percentage - Percentage of healthy clients




  



  
    
      
    
    
      list_clients()



        
          
        

    

  


  

List all registered client names.
Returns
	List of atom names of registered clients


  



  
    
      
    
    
      periodic_status_update()



        
          
        

    

  


  

Get a periodic status update for all clients suitable for real-time dashboards.
Returns a simplified status map indicating whether each client is ready.
Returns
	Map with client names as keys and status maps as values	%{ready?: true} - Client is available
	%{ready?: false, error: reason} - Client is unavailable




  



  
    
      
    
    
      register_client(name, client_pid)



        
          
        

    

  


  

Register a client for status monitoring.
Parameters
	name - Atom name for the client (e.g., :github_client)
	client_pid - PID of the client GenServer

Returns
	{:ok, :registered} - Successfully registered
	{:ok, :already_registered} - Client was already registered


  



    

  
    
      
    
    
      register_client_by_name(module, registry_name, timeout \\ 5000)



        
          
        

    

  


  

Register a client by module name after it has been started.
This function waits for a process to be registered under the given module name,
then registers it with the StatusMonitor. Useful when registering clients from
an Application module where you need to wait for processes to start.
Parameters
	module - Module name of the client (e.g., MyApp.GitHubMCP)
	registry_name - Atom name to register in StatusMonitor (e.g., :github)
	timeout - Maximum time to wait in milliseconds (default: 5000)

Returns
	{:ok, :registered} - Successfully registered
	{:ok, :already_registered} - Client was already registered
	{:error, :timeout} - Process didn't start within timeout
	{:error, :process_not_found} - Process not found after timeout

Examples
# In Application.start/2
defmodule MyApp.Application do
  use Application

  def start(_type, _args) do
    children = [
      {MyApp.GitHubMCP, transport: {:streamable_http, base_url: "http://localhost:5000"}}
    ]

    {:ok, _pid} = Supervisor.start_link(children, strategy: :one_for_one)

    # Register after starting
    Task.start(fn ->
      StatusMonitor.register_client_by_name(MyApp.GitHubMCP, :github)
    end)

    {:ok, self()}
  end
end

# Or wait synchronously
{:ok, :registered} = StatusMonitor.register_client_by_name(MyApp.GitHubMCP, :github)

  



  
    
      
    
    
      registered?(name)



        
          
        

    

  


  

Check if a specific client is registered.
Parameters
	name - Atom name of the client

Returns
	true if registered, false otherwise


  



  
    
      
    
    
      unregister_client(name)



        
          
        

    

  


  

Unregister a client from status monitoring.
Parameters
	name - Atom name of the client to unregister

Returns
	:ok


  


        

      


  

    
LangChainMCP.TestServer 
    



      
Simple MCP test server for integration testing.
Provides basic tools similar to the MCP time server for testing purposes.
Usage
Start the server in your supervision tree or manually:
{:ok, _pid} = Anubis.Server.Supervisor.start_link(
  LangChainMCP.TestServer,
  transport: :streamable_http,
  streamable_http: [port: 5000]
)
Or run from command line:
mix test_server
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    Functions
  


    
      
        child_spec(opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(opts)



        
          
        

    

  


  


  


        

      


  

    
LangChain.MCP.Adapter 
    



      
Main adapter for integrating MCP tools with LangChain.
This module provides the primary API for discovering MCP tools and converting
them to LangChain Functions that can be used in LLMChains.
Features
	Tool discovery from MCP servers
	Automatic schema conversion
	Tool caching for performance
	Tool filtering
	Fallback client support
	Async execution configuration

Usage
# Define MCP client
defmodule MyApp.MCPClient do
  use Anubis.Client,
    name: "MyApp",
    version: "1.0.0",
    protocol_version: "2025-03-26"
end

# Create adapter
adapter = Adapter.new(client: MyApp.MCPClient)

# Discover and convert tools
functions = Adapter.to_functions(adapter)

# Use in LLMChain
chain = LLMChain.new!(%{llm: model})
  |> LLMChain.add_tools(functions)
  |> LLMChain.run(mode: :while_needs_response)
With Options
adapter = Adapter.new(
  client: MyApp.MCPClient,
  cache_tools: true,
  timeout: 60_000,
  async: true,
  fallback_client: MyApp.BackupMCP,
  tool_filter: fn tool -> tool["name"] != "admin_only" end
)

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        discover_tools(adapter, opts \\ [])

      


        Discovers tools from the MCP server without converting to Functions.



    


    
      
        get_config(adapter)

      


        Returns the adapter's configuration.



    


    
      
        get_tool(adapter, tool_name)

      


        Gets information about a specific tool.



    


    
      
        new(opts)

      


        Creates a new MCP adapter.



    


    
      
        refresh_cache(adapter)

      


        Refreshes the tool cache for an adapter.



    


    
      
        to_functions(adapter, opts \\ [])

      


        Discovers tools from the MCP server and converts them to LangChain Functions.



    


    
      
        tool_to_function(adapter, tool)

      


        Converts a single MCP tool to a LangChain Function.



    


    
      
        update_config(adapter, updates)

      


        Updates the adapter's configuration.



    


    
      
        validate_tools(adapter, required_tool_names)

      


        Validates that all required tools are available on the MCP server.



    


    
      
        wait_for_server_ready(client_pid, timeout \\ 5000)

      


        Waits for the associated server for a client to be ready.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %LangChain.MCP.Adapter{
  cached_tools: [map()] | nil,
  config: LangChain.MCP.Config.t()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      discover_tools(adapter, opts \\ [])



        
          
        

    

  


  

      

          @spec discover_tools(
  t(),
  keyword()
) :: {:ok, [map()]} | {:error, String.t()}


      


Discovers tools from the MCP server without converting to Functions.
Useful for inspecting available tools.
Parameters
	adapter - Adapter struct
	opts - Options (:refresh to force cache refresh)

Returns
	{:ok, tools} - List of tool maps
	{:error, reason} - Error message

Examples
iex> {:ok, tools} = Adapter.discover_tools(adapter)
iex> Enum.map(tools, & &1["name"])
["search", "fetch", "analyze"]

  



  
    
      
    
    
      get_config(adapter)



        
          
        

    

  


  

      

          @spec get_config(t()) :: LangChain.MCP.Config.t()


      


Returns the adapter's configuration.
Examples
iex> config = Adapter.get_config(adapter)
iex> config.client
MyApp.MCPClient

  



  
    
      
    
    
      get_tool(adapter, tool_name)



        
          
        

    

  


  

      

          @spec get_tool(t(), String.t()) :: {:ok, map()} | {:error, :not_found | String.t()}


      


Gets information about a specific tool.
Parameters
	adapter - Adapter struct
	tool_name - Name of the tool

Returns
	{:ok, tool} - Tool map
	{:error, :not_found} - Tool not found

Examples
iex> {:ok, tool} = Adapter.get_tool(adapter, "search")
iex> tool["description"]
"Search for information"

  



  
    
      
    
    
      new(opts)



        
          
        

    

  


  

      

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


      


Creates a new MCP adapter.
Options
See LangChain.MCP.Config.new!/1 for all available options.
Examples
iex> adapter = Adapter.new(client: MyApp.MCPClient)
%Adapter{config: %Config{...}}

iex> adapter = Adapter.new(
...>   client: MyApp.MCPClient,
...>   cache_tools: true,
...>   timeout: 60_000,
...>   async: true
...> )

  



  
    
      
    
    
      refresh_cache(adapter)



        
          
        

    

  


  

      

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


      


Refreshes the tool cache for an adapter.
Only useful if caching is enabled.
Parameters
	adapter - Adapter struct

Returns
	{:ok, updated_adapter} - Adapter with refreshed cache
	{:error, reason} - Error message

Examples
iex> {:ok, updated_adapter} = Adapter.refresh_cache(adapter)

  



    

  
    
      
    
    
      to_functions(adapter, opts \\ [])



        
          
        

    

  


  

      

          @spec to_functions(
  t(),
  keyword()
) :: [LangChain.Function.t()]


      


Discovers tools from the MCP server and converts them to LangChain Functions.
Parameters
	adapter - Adapter struct
	opts - Optional keyword list	:only - List of tool names to include
	:except - List of tool names to exclude
	:refresh - Force refresh cached tools (default: false)



Returns
	List of LangChain.Function.t() structs

Examples
# Get all tools
functions = Adapter.to_functions(adapter)

# Get specific tools
functions = Adapter.to_functions(adapter, only: ["search", "fetch"])

# Exclude tools
functions = Adapter.to_functions(adapter, except: ["admin_tool"])

# Force refresh cache
functions = Adapter.to_functions(adapter, refresh: true)

  



  
    
      
    
    
      tool_to_function(adapter, tool)



        
          
        

    

  


  

      

          @spec tool_to_function(t(), map()) :: LangChain.Function.t()


      


Converts a single MCP tool to a LangChain Function.
Parameters
	adapter - Adapter struct
	tool - MCP tool map

Returns
	LangChain.Function.t() struct

Examples
iex> tool = %{
...>   "name" => "search",
...>   "description" => "Search for information",
...>   "inputSchema" => %{
...>     "type" => "object",
...>     "properties" => %{"query" => %{"type" => "string"}},
...>     "required" => ["query"]
...>   }
...> }
iex> function = Adapter.tool_to_function(adapter, tool)
iex> function.name
"search"

  



  
    
      
    
    
      update_config(adapter, updates)



        
          
        

    

  


  

      

          @spec update_config(
  t(),
  keyword()
) :: t()


      


Updates the adapter's configuration.
Parameters
	adapter - Adapter struct
	updates - Keyword list of config updates

Returns
	Updated adapter

Examples
iex> updated = Adapter.update_config(adapter, timeout: 60_000, async: true)
iex> updated.config.timeout
60_000

  



  
    
      
    
    
      validate_tools(adapter, required_tool_names)



        
          
        

    

  


  

      

          @spec validate_tools(t(), [String.t()]) :: :ok | {:error, [String.t()]}


      


Validates that all required tools are available on the MCP server.
Parameters
	adapter - Adapter struct
	tool_names - List of required tool names

Returns
	:ok - All tools available
	{:error, missing_tools} - List of missing tool names

Examples
iex> Adapter.validate_tools(adapter, ["search", "fetch"])
:ok

iex> Adapter.validate_tools(adapter, ["search", "nonexistent"])
{:error, ["nonexistent"]}

  



    

  
    
      
    
    
      wait_for_server_ready(client_pid, timeout \\ 5000)



        
          
        

    

  


  

      

          @spec wait_for_server_ready(pid(), timeout :: non_neg_integer()) ::
  :ok | {:error, :initialization_timeout | :invalid_client}


      


Waits for the associated server for a client to be ready.
If a client is started with start_link/1 the server initialization
is asynchronous, so calling functions such as Adapter.discover_tools/2 or
Adapter.to_functions/2 immediately after start link will produce a
'Server capabilities not set' error.
In this case, calling wait_for_server_ready/1 before calls to the Adapter
ensures the server has time to initialize.
Parameters
	client_pid - The process ID for a Anubis client.
	timeout - Maximum time to wait in milliseconds (default: 5000)

Returns
	:ok - Server is ready
	{:error, :initialization_timeout} - Server didn't initialize within timeout
	{:error, :invalid_client} - The provided PID is not a valid Anubis client

Examples
{:ok, client_pid} =
    MCPClient.start_link(
      client_info: ...,
      capabilities: ...,
      protocol_version: ...,
      transport: ...
    )

case Adapter.wait_for_server_ready(client_pid) do
  :ok ->
    adapter = Adapter.new(client: client_pid)
    functions = Adapter.to_functions(adapter)
  {:error, reason} ->
    {:error, reason}
end

  


        

      


  

    
LangChain.MCP.Config 
    



      
Configuration structure for MCP adapter.
Holds settings for MCP client integration including caching, timeouts,
fallback behavior, and tool filtering.
Fields
	:client - The Anubis.Client module to use for MCP operations (required)
	:cache_tools - Whether to cache discovered tools (default: true)
	:timeout - Timeout for tool calls in milliseconds (default: 30_000)
	:async - Whether to mark tools as async (default: false)
	:fallback_client - Optional fallback client module if primary fails
	:before_fallback - Optional function called before fallback, receives (config, tool_name, args)
	:tool_filter - Optional function to filter tools, receives tool map, returns boolean
	:context - Optional context map passed to tool execution callbacks

Examples
# Basic configuration
config = Config.new!(client: MyApp.MCPClient)

# With fallback
config = Config.new!(
  client: MyApp.PrimaryMCP,
  fallback_client: MyApp.BackupMCP,
  before_fallback: fn _config, tool_name, _args ->
    Logger.warning("Falling back for tool: #{tool_name}")
    :continue
  end
)

# With tool filtering
config = Config.new!(
  client: MyApp.MCPClient,
  tool_filter: fn tool ->
    tool["name"] not in ["dangerous_tool", "admin_only"]
  end
)

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        before_fallback(config, tool_name, args)

      


        Calls the before_fallback callback if configured.



    


    
      
        filter_tool?(config, tool)

      


        Applies the tool filter function if configured.



    


    
      
        has_fallback?(config)

      


        Returns true if a fallback client is configured.



    


    
      
        new(attrs)

      


        Creates a new Config struct with validation, returning ok/error tuple.



    


    
      
        new!(attrs)

      


        Creates a new Config struct with validation.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %LangChain.MCP.Config{
  async: boolean(),
  before_fallback: function() | nil,
  cache_tools: boolean(),
  client: module(),
  context: map(),
  fallback_client: module() | nil,
  timeout: pos_integer(),
  tool_filter: function() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      before_fallback(config, tool_name, args)



        
          
        

    

  


  

      

          @spec before_fallback(t(), String.t(), map()) :: :continue | :skip


      


Calls the before_fallback callback if configured.
Returns :continue to proceed with fallback, :skip to skip it.
Examples
iex> config = Config.new!(client: MyApp.MCP)
iex> Config.before_fallback(config, "tool_name", %{})
:continue

iex> config = Config.new!(
...>   client: MyApp.MCP,
...>   before_fallback: fn _, _, _ -> :skip end
...> )
iex> Config.before_fallback(config, "tool_name", %{})
:skip

  



  
    
      
    
    
      filter_tool?(config, tool)



        
          
        

    

  


  

      

          @spec filter_tool?(t(), map()) :: boolean()


      


Applies the tool filter function if configured.
Returns true if no filter is configured or if the filter returns true.
Examples
iex> config = Config.new!(client: MyApp.MCP)
iex> Config.filter_tool?(config, %{"name" => "any_tool"})
true

iex> config = Config.new!(client: MyApp.MCP, tool_filter: fn t -> t["name"] == "allowed" end)
iex> Config.filter_tool?(config, %{"name" => "allowed"})
true
iex> Config.filter_tool?(config, %{"name" => "blocked"})
false

  



  
    
      
    
    
      has_fallback?(config)



        
          
        

    

  


  

      

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


      


Returns true if a fallback client is configured.
Examples
iex> config = Config.new!(client: MyApp.MCP)
iex> Config.has_fallback?(config)
false

iex> config = Config.new!(client: MyApp.MCP, fallback_client: MyApp.Backup)
iex> Config.has_fallback?(config)
true

  



  
    
      
    
    
      new(attrs)



        
          
        

    

  


  

      

          @spec new(keyword()) :: {:ok, t()} | {:error, Ecto.Changeset.t()}


      


Creates a new Config struct with validation, returning ok/error tuple.
See new!/1 for options.

  



  
    
      
    
    
      new!(attrs)



        
          
        

    

  


  

      

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


      


Creates a new Config struct with validation.
Options
	:client - Required. The Anubis.Client module
	:cache_tools - Boolean, default true
	:timeout - Positive integer in ms, default 30_000
	:async - Boolean, default false
	:fallback_client - Optional module
	:before_fallback - Optional 3-arity function
	:tool_filter - Optional 1-arity function
	:context - Optional map

Examples
iex> Config.new!(client: MyApp.MCPClient)
%Config{client: MyApp.MCPClient, cache_tools: true, ...}

iex> Config.new!(client: MyApp.MCPClient, timeout: 60_000, async: true)
%Config{client: MyApp.MCPClient, timeout: 60_000, async: true, ...}

  


        

      


  

    
LangChain.MCP.ContentMapper 
    



      
Maps MCP content arrays to LangChain ContentPart structures.
MCP tool responses contain a content array with multi-modal content items.
This module converts them to LangChain's ContentPart format for use in messages
and tool results.
MCP Content Types
MCP supports these content types:
	text - Plain text content
	image - Base64 encoded image data with mimeType
	resource - Reference to a resource (file, URL, etc.)

LangChain ContentPart Types
These are mapped to:
	:text - Text content
	:image - Base64 image with media type
	:file - File data (for resources)
	:unsupported - For unknown types

Examples
# Text content
mcp_content = [%{"type" => "text", "text" => "Hello world"}]
parts = ContentMapper.to_content_parts(mcp_content)
# => [%ContentPart{type: :text, content: "Hello world"}]

# Image content
mcp_content = [
  %{"type" => "image", "data" => "base64data...", "mimeType" => "image/png"}
]
parts = ContentMapper.to_content_parts(mcp_content)
# => [%ContentPart{type: :image, content: "base64data...", options: [media: "image/png"]}]

# Mixed content
mcp_content = [
  %{"type" => "text", "text" => "See this image:"},
  %{"type" => "image", "data" => "...", "mimeType" => "image/jpeg"}
]
parts = ContentMapper.to_content_parts(mcp_content)
# => [%ContentPart{type: :text, ...}, %ContentPart{type: :image, ...}]

      


      
        Summary


  
    Functions
  


    
      
        extract_text(mcp_content)

      


        Extracts just the text content from an MCP content array.



    


    
      
        from_content_parts(content_parts)

      


        Converts LangChain ContentParts back to MCP content format.



    


    
      
        has_images?(mcp_content)

      


        Checks if MCP content contains any images.



    


    
      
        has_text?(mcp_content)

      


        Checks if MCP content contains any text.



    


    
      
        to_content_parts(mcp_content)

      


        Converts an MCP content array to a list of ContentPart structs.



    





      


      
        Functions


        


  
    
      
    
    
      extract_text(mcp_content)



        
          
        

    

  


  

      

          @spec extract_text([map()]) :: String.t() | nil


      


Extracts just the text content from an MCP content array.
Useful when you only care about text responses and want to ignore other content types.
Parameters
	mcp_content - List of MCP content items

Returns
	String of concatenated text content, or nil if no text found

Examples
iex> mcp_content = [
...>   %{"type" => "text", "text" => "Hello "},
...>   %{"type" => "text", "text" => "world"},
...>   %{"type" => "image", "data" => "..."}
...> ]
iex> ContentMapper.extract_text(mcp_content)
"Hello world"

  



  
    
      
    
    
      from_content_parts(content_parts)



        
          
        

    

  


  

      

          @spec from_content_parts([LangChain.Message.ContentPart.t()]) :: [map()]


      


Converts LangChain ContentParts back to MCP content format.
This is useful for testing or when you need to send content back to an MCP server.
Parameters
	content_parts - List of ContentPart structs

Returns
	List of MCP content maps


  



  
    
      
    
    
      has_images?(mcp_content)



        
          
        

    

  


  

      

          @spec has_images?([map()]) :: boolean()


      


Checks if MCP content contains any images.
Examples
iex> mcp_content = [%{"type" => "image", "data" => "..."}]
iex> ContentMapper.has_images?(mcp_content)
true

  



  
    
      
    
    
      has_text?(mcp_content)



        
          
        

    

  


  

      

          @spec has_text?([map()]) :: boolean()


      


Checks if MCP content contains any text.
Examples
iex> mcp_content = [%{"type" => "text", "text" => "Hello"}]
iex> ContentMapper.has_text?(mcp_content)
true

iex> mcp_content = [%{"type" => "image", "data" => "..."}]
iex> ContentMapper.has_text?(mcp_content)
false

  



  
    
      
    
    
      to_content_parts(mcp_content)



        
          
        

    

  


  

      

          @spec to_content_parts([map()]) :: [LangChain.Message.ContentPart.t()]


      


Converts an MCP content array to a list of ContentPart structs.
Parameters
	mcp_content - List of MCP content items (maps)

Returns
	List of ContentPart.t() structs

Examples
iex> mcp_content = [%{"type" => "text", "text" => "Result"}]
iex> [part] = ContentMapper.to_content_parts(mcp_content)
iex> part.type
:text
iex> part.content
"Result"

  


        

      


  

    
LangChain.MCP.SchemaConverter 
    



      
Converts MCP tool input schemas (JSON Schema format) to LangChain FunctionParam structures.
MCP tools define their parameters using JSON Schema format. This module handles
the conversion to LangChain's FunctionParam format, supporting:
	Simple types (string, integer, number, boolean)
	Arrays (with item types)
	Objects (with nested properties)
	Enums
	Required fields
	Descriptions

Examples
# Simple parameter
schema = %{
  "type" => "object",
  "properties" => %{
    "query" => %{"type" => "string", "description" => "Search query"}
  },
  "required" => ["query"]
}

params = SchemaConverter.to_parameters(schema)
# => [%FunctionParam{name: "query", type: :string, description: "Search query", required: true}]

# Complex nested object
schema = %{
  "type" => "object",
  "properties" => %{
    "user" => %{
      "type" => "object",
      "properties" => %{
        "name" => %{"type" => "string"},
        "age" => %{"type" => "integer"}
      },
      "required" => ["name"]
    }
  }
}

params = SchemaConverter.to_parameters(schema)
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        json_schema()

      


    





  
    Functions
  


    
      
        convert_property(name, prop_schema, required \\ false)

      


        Converts a single property from JSON Schema to FunctionParam.



    


    
      
        from_parameters(params)

      


        Converts LangChain FunctionParam list back to JSON Schema format.



    


    
      
        to_parameters(schema)

      


        Converts a JSON Schema object to a list of LangChain FunctionParam structs.



    





      


      
        Types


        


  
    
      
    
    
      json_schema()



        
          
        

    

  


  

      

          @type json_schema() :: map()


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      convert_property(name, prop_schema, required \\ false)



        
          
        

    

  


  

      

          @spec convert_property(String.t(), map(), boolean()) ::
  LangChain.FunctionParam.t() | nil


      


Converts a single property from JSON Schema to FunctionParam.
Parameters
	name - Property name
	prop_schema - Property schema map
	required - Whether this property is required

Returns
	FunctionParam.t() or nil if conversion fails


  



  
    
      
    
    
      from_parameters(params)



        
          
        

    

  


  

      

          @spec from_parameters([LangChain.FunctionParam.t()]) :: json_schema()


      


Converts LangChain FunctionParam list back to JSON Schema format.
This is useful for debugging or when you need to reconstruct the original schema.
Parameters
	params - List of FunctionParam structs

Returns
	JSON Schema map

Examples
iex> params = [
...>   FunctionParam.new!(%{name: "query", type: :string, required: true})
...> ]
iex> schema = SchemaConverter.from_parameters(params)
iex> schema["type"]
"object"
iex> schema["required"]
["query"]

  



  
    
      
    
    
      to_parameters(schema)



        
          
        

    

  


  

      

          @spec to_parameters(json_schema()) :: [LangChain.FunctionParam.t()]


      


Converts a JSON Schema object to a list of LangChain FunctionParam structs.
The schema should be an object with type: "object", properties, and optionally required.
Parameters
	schema - JSON Schema map (typically from MCP tool's inputSchema)

Returns
	List of FunctionParam structs

Examples
iex> schema = %{
...>   "type" => "object",
...>   "properties" => %{
...>     "name" => %{"type" => "string"},
...>     "count" => %{"type" => "integer"}
...>   },
...>   "required" => ["name"]
...> }
iex> params = SchemaConverter.to_parameters(schema)
iex> length(params)
2
iex> Enum.find(params, & &1.name == "name").required
true

  


        

      


  

    
LangChain.MCP.ErrorHandler 
    



      
Handles error translation from MCP to LangChain format.
MCP has three types of errors:
	Protocol Errors - JSON-RPC communication errors (returned as {:error, %Error{}})
	Transport Errors - Connection/network failures (returned as {:error, %Error{}})
	Domain Errors - Application-level errors (returned as {:ok, %Response{is_error: true}})

This module normalizes all error types into LangChain's error format: {:error, reason}
Examples
# Protocol error
{:error, error} = call_mcp_tool(...)
{:error, reason} = ErrorHandler.handle_error(error)
# reason: "MCP protocol error: invalid_request"

# Domain error in response
{:ok, response} = call_mcp_tool(...)
if response.is_error do
  {:error, reason} = ErrorHandler.handle_response_error(response)
  # reason: "Tool execution failed: ..."
end

# Check if error should trigger fallback
ErrorHandler.should_retry?(error)
# => true (for network errors, timeouts, etc.)
# => false (for invalid parameters, etc.)

      


      
        Summary


  
    Functions
  


    
      
        handle_error(error)

      


        Handles MCP protocol/transport errors and converts to LangChain format.



    


    
      
        handle_response_error(response)

      


        Handles MCP domain errors from responses (is_error: true).



    


    
      
        should_retry?(arg1)

      


        Determines if an error should trigger a fallback retry.



    


    
      
        wrap_tool_error(error, tool_name, args)

      


        Wraps an error with additional context about the tool call.



    





      


      
        Functions


        


  
    
      
    
    
      handle_error(error)



        
          
        

    

  


  

      

          @spec handle_error(term()) :: {:error, String.t()}


      


Handles MCP protocol/transport errors and converts to LangChain format.
Parameters
	error - Anubis.MCP.Error struct or any error term

Returns
	{:error, String.t()} - Human-readable error message

Examples
iex> error = %Anubis.MCP.Error{code: -32600, reason: :invalid_request}
iex> ErrorHandler.handle_error(error)
{:error, "MCP protocol error (invalid_request): Invalid request format"}

  



  
    
      
    
    
      handle_response_error(response)



        
          
        

    

  


  

      

          @spec handle_response_error(map()) :: {:error, String.t()}


      


Handles MCP domain errors from responses (is_error: true).
Parameters
	response - Anubis.MCP.Response struct with is_error: true

Returns
	{:error, String.t()} - Error message from response

Examples
iex> response = %Anubis.MCP.Response{
...>   is_error: true,
...>   result: %{"isError" => true, "content" => [%{"type" => "text", "text" => "Not found"}]}
...> }
iex> ErrorHandler.handle_response_error(response)
{:error, "Tool execution failed: Not found"}

  



  
    
      
    
    
      should_retry?(arg1)



        
          
        

    

  


  

      

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


      


Determines if an error should trigger a fallback retry.
Returns true for transient errors (network, timeout, server errors)
Returns false for permanent errors (invalid params, auth failures)
Parameters
	error - Error term (Anubis.MCP.Error or other)

Returns
	boolean() - true if should retry with fallback

Examples
iex> error = %Anubis.MCP.Error{reason: :request_timeout}
iex> ErrorHandler.should_retry?(error)
true

iex> error = %Anubis.MCP.Error{reason: :invalid_params}
iex> ErrorHandler.should_retry?(error)
false

  



  
    
      
    
    
      wrap_tool_error(error, tool_name, args)



        
          
        

    

  


  

      

          @spec wrap_tool_error({:error, term()}, String.t(), map()) :: {:error, String.t()}


      


Wraps an error with additional context about the tool call.
Parameters
	error - Original error
	tool_name - Name of the tool that failed
	args - Arguments passed to the tool

Returns
	{:error, String.t()} - Error with added context

Examples
iex> ErrorHandler.wrap_tool_error({:error, "timeout"}, "search", %{"query" => "test"})
{:error, "Tool 'search' failed: timeout"}

  


        

      


  

    
LangChain.MCP.ToolExecutor 
    



      
Executes MCP tool calls and handles responses.
This module bridges MCP tool execution with LangChain's function calling system.
It handles:
	Calling MCP tools via Anubis.Client
	Converting results to LangChain format (text, ContentParts, or ToolResult)
	Error handling with fallback support
	Timeout and async execution options

Examples
# Simple execution
config = Config.new!(client: MyApp.MCPClient)
{:ok, result} = ToolExecutor.execute(config, "search", %{"query" => "elixir"})

# With fallback
config = Config.new!(
  client: MyApp.PrimaryMCP,
  fallback_client: MyApp.BackupMCP
)
{:ok, result} = ToolExecutor.execute(config, "search", %{"query" => "elixir"})

# Result formats:
# - String: "Search results: ..."
# - ContentParts: [%ContentPart{type: :text, ...}, %ContentPart{type: :image, ...}]
# - ToolResult: %ToolResult{content: ..., is_error: false}
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    Types
  


    
      
        execution_result()

      


    





  
    Functions
  


    
      
        execute(config, tool_name, args, context \\ %{})

      


        Executes an MCP tool and returns the result in LangChain format.



    


    
      
        execute_on_client(client, tool_name, args, timeout \\ 30000, context \\ %{})

      


        Executes a tool on a specific client without fallback logic.



    


    
      
        list_tools(client)

      


        Lists all available tools on an MCP server.



    


    
      
        validate_tool(client, tool_name)

      


        Validates that a tool exists on the MCP server before execution.



    





      


      
        Types


        


  
    
      
    
    
      execution_result()



        
          
        

    

  


  

      

          @type execution_result() ::
  String.t()
  | [LangChain.Message.ContentPart.t()]
  | LangChain.Message.ToolResult.t()


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      execute(config, tool_name, args, context \\ %{})



        
          
        

    

  


  

      

          @spec execute(LangChain.MCP.Config.t(), String.t(), map(), map()) ::
  {:ok, execution_result()} | {:error, String.t()}


      


Executes an MCP tool and returns the result in LangChain format.
Parameters
	config - MCP Config struct
	tool_name - Name of the tool to execute
	args - Map of arguments to pass to the tool
	context - Optional context map (merged with config context)

Returns
	{:ok, result} - Success with string, ContentParts, or ToolResult
	{:error, reason} - Failure with error message

Examples
iex> config = Config.new!(client: MyApp.MCPClient)
iex> {:ok, result} = ToolExecutor.execute(config, "echo", %{"text" => "hello"})
iex> is_binary(result)
true

  



    

    

  
    
      
    
    
      execute_on_client(client, tool_name, args, timeout \\ 30000, context \\ %{})



        
          
        

    

  


  

      

          @spec execute_on_client(module(), String.t(), map(), pos_integer(), map()) ::
  {:ok, execution_result()} | {:error, String.t()}


      


Executes a tool on a specific client without fallback logic.
Used internally by execute/4 and useful for testing.
Parameters
	client - Anubis.Client module
	tool_name - Tool name
	args - Arguments map
	timeout - Timeout in milliseconds (default: 30_000)
	context - Context map (default: %{})

Returns
	{:ok, result} - Success
	{:error, reason} - Failure


  



  
    
      
    
    
      list_tools(client)



        
          
        

    

  


  

      

          @spec list_tools(module()) :: {:ok, [map()]} | {:error, String.t()}


      


Lists all available tools on an MCP server.
Parameters
	client - Anubis.Client module

Returns
	{:ok, tool_list} - List of tool maps
	{:error, reason} - Error listing tools

Examples
iex> {:ok, tools} = ToolExecutor.list_tools(MyApp.MCPClient)
iex> is_list(tools)
true

  



  
    
      
    
    
      validate_tool(client, tool_name)



        
          
        

    

  


  

      

          @spec validate_tool(module(), String.t()) :: :ok | {:error, String.t()}


      


Validates that a tool exists on the MCP server before execution.
This is optional but can provide better error messages.
Parameters
	client - Anubis.Client module
	tool_name - Tool name to validate

Returns
	:ok - Tool exists
	{:error, reason} - Tool not found or error listing tools

Examples
iex> ToolExecutor.validate_tool(MyApp.MCPClient, "search")
:ok

iex> ToolExecutor.validate_tool(MyApp.MCPClient, "nonexistent")
{:error, "Tool 'nonexistent' not found on MCP server"}

  


        

      


  

    
mix quality_check 
    



      
Runs all quality checks: format, linting, type checking, and tests.
Usage
mix quality_check
This runs the same checks as CI:
	Code formatting validation
	Credo linting (strict mode)
	Dialyzer type checking  
	Unit tests (excludes live_call integration tests)

Use before committing to ensure code meets quality standards.

      




  

    
mix test_server 
    



      
Starts the MCP test server for integration testing.
Usage
mix test_server
Or specify a custom port:
mix test_server --port 4001
The server will run on http://localhost:5000 by default and can be used
with the integration tests via:
mix test --include live_call
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