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Elixir implementation of the Universal Tool Calling Protocol (UTCP).
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The Universal Tool Calling Protocol (UTCP) is a standard for defining and interacting with tools across communication protocols. UTCP emphasizes scalability, interoperability, and ease of use.
Key characteristics:
	Scalability: Handles large numbers of tools and providers without performance degradation
	Interoperability: Supports multiple provider types including HTTP, WebSockets, gRPC, and CLI tools
	Ease of Use: Built on simple, well-defined patterns

Features
	Transports: HTTP, CLI, WebSocket, gRPC, GraphQL, MCP, TCP/UDP
	Streaming support across all transports
	OpenAPI Converter: Automatic API discovery and tool generation
	Variable substitution via environment variables or .env files
	In-memory repository for providers and tools
	Authentication: API Key, Basic, OAuth2
	Connection pooling and lifecycle management
	Test configuration with integration test exclusion by default
	Comprehensive test suite with 394+ tests

Installation
Add ex_utcp to your list of dependencies in mix.exs:
def deps do
  [
    {:ex_utcp, "~> 0.2.0"}
  ]
end
Getting Started
Basic Usage
alias ExUtcp.{Client, Config}

# Create a client configuration
config = Config.new(providers_file_path: "providers.json")

# Start a UTCP client
{:ok, client} = Client.start_link(config)

# Search for tools
{:ok, tools} = Client.search_tools(client, "", 10)

# Call a tool
{:ok, result} = Client.call_tool(client, "provider.tool_name", %{"arg" => "value"})
Programmatic Provider Registration
alias ExUtcp.{Client, Config, Providers}

# Create a client
config = Config.new()
{:ok, client} = Client.start_link(config)

# Create an HTTP provider
provider = Providers.new_http_provider([
  name: "my_api",
  url: "https://api.example.com/tools",
  http_method: "POST"
])

# Register the provider
{:ok, tools} = Client.register_tool_provider(client, provider)

# Call a discovered tool
{:ok, result} = Client.call_tool(client, "my_api.echo", %{"message" => "Hello!"})
CLI Provider Example
alias ExUtcp.{Client, Config, Providers}

# Create a client
config = Config.new()
{:ok, client} = Client.start_link(config)

# Create a CLI provider
provider = Providers.new_cli_provider([
  name: "my_script",
  command_name: "python my_script.py",
  working_dir: "/path/to/script"
])

# Register the provider
{:ok, tools} = Client.register_tool_provider(client, provider)

# Call a tool
{:ok, result} = Client.call_tool(client, "my_script.greet", %{"name" => "World"})
Configuration
Provider Configuration File
Create a providers.json file to define your providers:
{
  "providers": [
    {
      "name": "http_api",
      "type": "http",
      "http_method": "POST",
      "url": "https://api.example.com/tools",
      "content_type": "application/json",
      "headers": {
        "User-Agent": "ExUtcp/0.2.0"
      },
      "auth": {
        "type": "api_key",
        "api_key": "${API_KEY}",
        "location": "header",
        "var_name": "Authorization"
      }
    },
    {
      "name": "cli_tool",
      "type": "cli",
      "command_name": "python my_tool.py",
      "working_dir": "/opt/tools",
      "env_vars": {
        "PYTHONPATH": "/opt/tools"
      }
    }
  ]
}
Variable Substitution
UTCP supports variable substitution using ${VAR} or $VAR syntax:
# Load variables from .env file
{:ok, env_vars} = Config.load_from_env_file(".env")

config = Config.new(
  variables: env_vars,
  providers_file_path: "providers.json"
)
OpenAPI Converter
The OpenAPI Converter automatically discovers and converts OpenAPI specifications into UTCP tools.
Basic Usage
alias ExUtcp.{Client, Config}

# Create a client
{:ok, client} = Client.start_link(%{providers_file_path: nil, variables: %{}})

# Convert OpenAPI spec from URL
{:ok, tools} = Client.convert_openapi(client, "https://api.example.com/openapi.json")

# Convert OpenAPI spec from file
{:ok, tools} = Client.convert_openapi(client, "path/to/spec.yaml")

# Convert with options
{:ok, tools} = Client.convert_openapi(client, spec, %{
  prefix: "my_api",
  auth: %{type: "api_key", api_key: "Bearer ${API_KEY}"}
})
Supported Formats
	OpenAPI 2.0 (Swagger)
	OpenAPI 3.0
	JSON and YAML specifications
	URL and file-based specifications

Authentication Mapping
The converter automatically maps OpenAPI security schemes to UTCP authentication:
	API Key authentication
	HTTP Basic authentication
	HTTP Bearer authentication
	OAuth2 flows
	OpenID Connect

Architecture
The library is organized into several main components:
	ExUtcp.Client - Main client interface
	ExUtcp.Config - Configuration management
	ExUtcp.Providers - Provider implementations for different protocols
	ExUtcp.Transports - Transport layer implementations
	ExUtcp.Tools - Tool definitions and management
	ExUtcp.Repository - Tool and provider storage
	ExUtcp.OpenApiConverter - OpenAPI specification conversion

Implementation Status
Gap Analysis: UTCP Implementations Comparison
	Feature Category	Python UTCP	Go UTCP	Elixir UTCP	Elixir Coverage
	Core Architecture				
	Core Client	Complete	Complete	Complete	100%
	Configuration	Complete	Complete	Enhanced	100%
	Variable Substitution	Complete	Complete	Complete	100%
	Transports				
	HTTP/HTTPS	Complete	Complete	Complete	100%
	CLI	Complete	Complete	Complete	100%
	WebSocket	Complete	Complete	Complete	100%
	gRPC	Complete	Complete	Complete	100%
	GraphQL	Complete	Complete	Complete	100%
	MCP	Complete	Complete	Complete	100%
	SSE	Complete	Complete	Complete	100%
	Streamable HTTP	Complete	Complete	Complete	100%
	TCP/UDP	Complete	Complete	Complete	100%
	WebRTC	Complete	Complete	Not Implemented	0%
	Authentication				
	API Key	Complete	Complete	Complete	100%
	Basic Auth	Complete	Complete	Complete	100%
	OAuth2	Complete	Complete	Complete	100%
	Advanced Features				
	Streaming	Complete	Complete	Complete	100%
	Connection Pooling	Complete	Complete	Complete	100%
	Error Recovery	Complete	Complete	Complete	100%
	OpenAPI Converter	Complete	Complete	Complete	100%
	Tool Discovery	Complete	Complete	Complete	100%
	Search	Advanced	Advanced	Basic	60%
	Testing				
	Unit Tests	Complete	Complete	Complete	100%
	Integration Tests	Complete	Complete	Complete	100%
	Mock Testing	Complete	Complete	Complete	100%
	Test Coverage	High	High	High	100%
	Performance				
	Connection Management	Optimized	Optimized	Optimized	100%
	Memory Usage	Optimized	Optimized	Optimized	100%
	Throughput	High	High	High	100%
	Documentation				
	API Docs	Complete	Complete	Complete	100%
	Examples	Complete	Complete	Complete	100%
	Guides	Complete	Complete	Complete	100%

Priority Recommendations
High Priority
	[x] OpenAPI Converter: Automatic API discovery and tool generation
	[x] TCP/UDP Transport: Low-level network protocols
	[ ] Advanced Search: Sophisticated search algorithms

Medium Priority
	[ ] Monitoring: Metrics and health checks
	[ ] Batch Operations: Multiple tool calls
	[ ] WebRTC Transport: Peer-to-peer communication

Low Priority
	[ ] Custom Variable Loaders: Beyond .env files
	[ ] API Documentation Generation

Implementation Status
Completed Features
	7 transports: HTTP, CLI, WebSocket, gRPC, GraphQL, MCP, TCP/UDP
	Streaming support across all transports
	OpenAPI Converter: Automatic API discovery and tool generation
	Authentication: API Key, Basic, OAuth2
	Connection pooling and lifecycle management
	Error recovery with retry logic
	Test configuration with integration test exclusion by default
	394+ tests with comprehensive coverage
	Production examples for all transports

Missing Features
	Advanced Search: Sophisticated search algorithms
	WebRTC Transport: Peer-to-peer communication
	Monitoring: Metrics and health checks
	Batch Operations: Multiple tool calls

Roadmap
Phase 1: Core Transports (Completed)
	[x] HTTP/HTTPS, CLI, WebSocket, gRPC, GraphQL, MCP

Phase 2: Enhanced Features (Completed)
	[x] OpenAPI Converter
	[x] TCP/UDP Transport
	[ ] Advanced Search
	[ ] Monitoring and Metrics

Phase 3: Extended Protocols
	[ ] WebRTC Transport

Phase 4: Enterprise Features
	[ ] Batch Operations
	[ ] Custom Variable Loaders
	[ ] API Documentation Generation

Supported Transports
Implemented
	HTTP/HTTPS: REST API integration with OpenAPI support
	CLI: Command-line tool integration
	WebSocket: Real-time communication
	gRPC: High-performance RPC calls with Protocol Buffers
	GraphQL: GraphQL API integration with HTTP/HTTPS
	MCP: Model Context Protocol integration with JSON-RPC 2.0
	TCP/UDP: Low-level network protocols with connection management

Planned
	WebRTC: Peer-to-peer communication

Examples
See examples/ directory:
	http_client.exs - HTTP provider
	cli_client.exs - CLI provider
	websocket_client.exs - WebSocket provider
	grpc_client.exs - gRPC provider
	graphql_example.exs - GraphQL provider
	mcp_example.exs - MCP provider
	tcp_udp_example.exs - TCP/UDP provider
	streaming_examples.exs - Streaming examples
	openapi_example.exs - OpenAPI Converter examples

Testing
# Unit tests only (default - excludes integration tests)
mix test

# All tests including integration tests
mix test --include integration

# Integration tests only
mix test --only integration

The test suite is configured to exclude integration tests by default for faster development cycles. Integration tests require external services and are run separately.
Contributing
	Fork the repository
	Create a feature branch
	Make your changes
	Add tests for new functionality
	Run the test suite
	Submit a pull request

License
MIT License - see LICENSE file for details.
Links
	UTCP Website
	Go Implementation
	Python Implementation
	Hex Package
	HexDocs
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Elixir implementation of the Universal Tool Calling Protocol (UTCP).
UTCP is a modern, flexible, and scalable standard for defining and interacting
with tools across a wide variety of communication protocols. It is designed to
be easy to use, interoperable, and extensible, making it a powerful choice for
building and consuming tool-based services.
Features
	Built-in transports for HTTP, CLI, Server-Sent Events, streaming HTTP,
GraphQL, MCP, WebSocket, gRPC, TCP, UDP, and WebRTC
	Variable substitution via environment variables or .env files
	In-memory repository for storing providers and tools discovered at runtime
	Utilities such as OpenApiConverter to convert OpenAPI definitions into UTCP manuals
	Example programs demonstrating the client usage

Getting Started
alias ExUtcp.{Client, Config}

# Create a client configuration
config = Config.new(providers_file_path: "providers.json")

# Create a UTCP client
{:ok, client} = Client.start_link(config)

# Search for tools
{:ok, tools} = Client.search_tools(client, "", 10)

# Call a tool
{:ok, result} = Client.call_tool(client, "provider.tool_name", %{"arg" => "value"})
Architecture
The library is organized into several main components:
	ExUtcp.Client - Main client interface
	ExUtcp.Config - Configuration management
	ExUtcp.Providers - Provider implementations for different protocols
	ExUtcp.Transports - Transport layer implementations
	ExUtcp.Tools - Tool definitions and management
	ExUtcp.Repository - Tool and provider storage
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        version()

      


        Returns the version of the ExUtcp library.
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Returns the version of the ExUtcp library.
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Authentication mechanisms for UTCP providers.
This module handles various authentication types including API key, Basic Auth, and OAuth2.

      


      
        Summary


  
    Functions
  


    
      
        apply_api_key_auth(auth, headers)

      


        Applies API key authentication to headers.



    


    
      
        apply_basic_auth(auth, headers)

      


        Applies Basic authentication to headers.



    


    
      
        apply_to_headers(auth, headers)

      


        Applies authentication to HTTP headers based on the auth configuration.



    


    
      
        new_api_key_auth(opts)

      


        Creates a new API key authentication configuration.



    


    
      
        new_basic_auth(opts)

      


        Creates a new Basic authentication configuration.



    


    
      
        new_oauth2_auth(opts)

      


        Creates a new OAuth2 authentication configuration.



    


    
      
        validate_auth(auth)

      


        Validates an authentication configuration.



    





      


      
        Functions


        


  
    
      
    
    
      apply_api_key_auth(auth, headers)



        
          
        

    

  


  

      

          @spec apply_api_key_auth(ExUtcp.Types.api_key_auth(), map()) :: map()


      


Applies API key authentication to headers.

  



  
    
      
    
    
      apply_basic_auth(auth, headers)



        
          
        

    

  


  

      

          @spec apply_basic_auth(ExUtcp.Types.basic_auth(), map()) :: map()


      


Applies Basic authentication to headers.

  



  
    
      
    
    
      apply_to_headers(auth, headers)



        
          
        

    

  


  

      

          @spec apply_to_headers(ExUtcp.Types.auth(), map()) :: map()


      


Applies authentication to HTTP headers based on the auth configuration.

  



  
    
      
    
    
      new_api_key_auth(opts)



        
          
        

    

  


  

      

          @spec new_api_key_auth(keyword()) :: ExUtcp.Types.api_key_auth()


      


Creates a new API key authentication configuration.

  



  
    
      
    
    
      new_basic_auth(opts)



        
          
        

    

  


  

      

          @spec new_basic_auth(keyword()) :: ExUtcp.Types.basic_auth()


      


Creates a new Basic authentication configuration.

  



  
    
      
    
    
      new_oauth2_auth(opts)



        
          
        

    

  


  

      

          @spec new_oauth2_auth(keyword()) :: ExUtcp.Types.oauth2_auth()


      


Creates a new OAuth2 authentication configuration.

  



  
    
      
    
    
      validate_auth(auth)



        
          
        

    

  


  

      

          @spec validate_auth(ExUtcp.Types.auth()) :: :ok | {:error, String.t()}


      


Validates an authentication configuration.
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Main UTCP client implementation.
This module provides the primary interface for interacting with UTCP providers
and tools. It manages provider registration, tool discovery, and tool execution.

      


      
        Summary


  
    Functions
  


    
      
        call_tool(client, tool_name, args \\ %{})

      


        Calls a specific tool with the given arguments.



    


    
      
        call_tool_stream(client, tool_name, args \\ %{})

      


        Calls a tool with streaming support.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        convert_multiple_openapi(client, specs, opts \\ [])

      


        Converts multiple OpenAPI specifications to UTCP tools and registers them.



    


    
      
        convert_openapi(client, spec, opts \\ [])

      


        Converts an OpenAPI specification to UTCP tools and registers them.



    


    
      
        deregister_tool_provider(client, provider_name)

      


        Deregisters a tool provider.



    


    
      
        get_config(client)

      


        Gets the client configuration.



    


    
      
        get_stats(client)

      


        Gets repository statistics.



    


    
      
        get_transports(client)

      


        Gets all available transports.



    


    
      
        register_tool_provider(client, provider)

      


        Registers a tool provider and returns the discovered tools.



    


    
      
        search_tools(client, query \\ "", limit \\ 10)

      


        Searches for tools matching the given query.



    


    
      
        start_link(config)

      


        Starts a new UTCP client with the given configuration.



    


    
      
        start_link(config, name)

      


        Starts a new UTCP client with the given configuration and name.



    


    
      
        validate_openapi(client, spec)

      


        Validates an OpenAPI specification.



    





      


      
        Functions


        


    

  
    
      
    
    
      call_tool(client, tool_name, args \\ %{})



        
          
        

    

  


  

      

          @spec call_tool(GenServer.server(), String.t(), map()) :: ExUtcp.Types.call_result()


      


Calls a specific tool with the given arguments.

  



    

  
    
      
    
    
      call_tool_stream(client, tool_name, args \\ %{})



        
          
        

    

  


  

      

          @spec call_tool_stream(GenServer.server(), String.t(), map()) ::
  {:ok, ExUtcp.Types.stream_result()} | {:error, any()}


      


Calls a tool with streaming support.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



    

  
    
      
    
    
      convert_multiple_openapi(client, specs, opts \\ [])



        
          
        

    

  


  

      

          @spec convert_multiple_openapi(GenServer.server(), list(), keyword()) ::
  ExUtcp.Types.register_result()


      


Converts multiple OpenAPI specifications to UTCP tools and registers them.
Parameters
	client: UTCP client
	specs: List of OpenAPI specifications
	opts: Conversion options

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

  



    

  
    
      
    
    
      convert_openapi(client, spec, opts \\ [])



        
          
        

    

  


  

      

          @spec convert_openapi(GenServer.server(), map() | String.t(), keyword()) ::
  ExUtcp.Types.register_result()


      


Converts an OpenAPI specification to UTCP tools and registers them.
Parameters
	client: UTCP client
	spec: OpenAPI specification (map, URL, or file path)
	opts: Conversion options

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

  



  
    
      
    
    
      deregister_tool_provider(client, provider_name)



        
          
        

    

  


  

      

          @spec deregister_tool_provider(GenServer.server(), String.t()) ::
  ExUtcp.Types.deregister_result()


      


Deregisters a tool provider.

  



  
    
      
    
    
      get_config(client)



        
          
        

    

  


  

      

          @spec get_config(GenServer.server()) :: ExUtcp.Types.client_config()


      


Gets the client configuration.

  



  
    
      
    
    
      get_stats(client)



        
          
        

    

  


  

      

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


      


Gets repository statistics.

  



  
    
      
    
    
      get_transports(client)



        
          
        

    

  


  

      

          @spec get_transports(GenServer.server()) :: %{required(String.t()) => module()}


      


Gets all available transports.

  



  
    
      
    
    
      register_tool_provider(client, provider)



        
          
        

    

  


  

      

          @spec register_tool_provider(GenServer.server(), ExUtcp.Types.provider()) ::
  ExUtcp.Types.register_result()


      


Registers a tool provider and returns the discovered tools.

  



    

    

  
    
      
    
    
      search_tools(client, query \\ "", limit \\ 10)



        
          
        

    

  


  

      

          @spec search_tools(GenServer.server(), String.t(), integer()) ::
  ExUtcp.Types.search_result()


      


Searches for tools matching the given query.

  



  
    
      
    
    
      start_link(config)



        
          
        

    

  


  

      

          @spec start_link(ExUtcp.Types.client_config()) :: GenServer.on_start()


      


Starts a new UTCP client with the given configuration.

  



  
    
      
    
    
      start_link(config, name)



        
          
        

    

  


  

      

          @spec start_link(ExUtcp.Types.client_config(), GenServer.name()) ::
  GenServer.on_start()


      


Starts a new UTCP client with the given configuration and name.

  



  
    
      
    
    
      validate_openapi(client, spec)



        
          
        

    

  


  

      

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


      


Validates an OpenAPI specification.
Parameters
	client: UTCP client
	spec: OpenAPI specification

Returns
{:ok, validation_result} on success, {:error, reason} on failure.
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Configuration management for UTCP client.
Handles variable substitution, environment variable loading, and provider configuration.

      


      
        Summary


  
    Functions
  


    
      
        get_variable(config, key)

      


        Gets a variable value from the configuration, checking in order



    


    
      
        load_from_env_file(path)

      


        Loads variables from a .env file.



    


    
      
        new(opts \\ [])

      


        Creates a new client configuration with default values.



    


    
      
        substitute_variables(config, value)

      


        Substitutes variables in a value using the pattern ${VAR} or $VAR.



    





      


      
        Functions


        


  
    
      
    
    
      get_variable(config, key)



        
          
        

    

  


  

      

          @spec get_variable(ExUtcp.Types.client_config(), String.t()) ::
  {:ok, String.t()} | {:error, ExUtcp.Types.variable_not_found()}


      


Gets a variable value from the configuration, checking in order:
	Inline variables
	Loaded variable sources
	System environment variables


  



  
    
      
    
    
      load_from_env_file(path)



        
          
        

    

  


  

      

          @spec load_from_env_file(String.t()) ::
  {:ok, %{required(String.t()) => String.t()}} | {:error, any()}


      


Loads variables from a .env file.

  



    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: ExUtcp.Types.client_config()


      


Creates a new client configuration with default values.

  



  
    
      
    
    
      substitute_variables(config, value)



        
          
        

    

  


  

      

          @spec substitute_variables(ExUtcp.Types.client_config(), any()) :: any()


      


Substitutes variables in a value using the pattern ${VAR} or $VAR.

  


        

      


  

    
ExUtcp.OpenApiConverter 
    



      
OpenAPI Converter for automatic API discovery and tool generation.
Converts OpenAPI 2.0 and 3.0 specifications into UTCP tools, enabling
AI agents to interact with existing APIs directly without server modifications.
Features
	OpenAPI 2.0 and 3.0 support
	Automatic tool generation from API operations
	Authentication scheme mapping
	Parameter and response schema handling
	Variable substitution support
	Batch processing of multiple specs

Usage
# Convert from URL
{:ok, manual} = OpenApiConverter.convert_from_url("https://api.github.com/openapi.json")

# Convert from local file
{:ok, manual} = OpenApiConverter.convert_from_file("path/to/spec.json")

# Convert from map
{:ok, manual} = OpenApiConverter.convert(spec_map)

# Convert with custom options
{:ok, manual} = OpenApiConverter.convert(spec_map, %{
  base_url: "https://api.example.com",
  auth: %{type: "api_key", api_key: "Bearer ${API_KEY}"},
  prefix: "github"
})

      


      
        Summary


  
    Functions
  


    
      
        convert(spec, opts \\ [])

      


        Converts an OpenAPI specification to a UTCP manual.



    


    
      
        convert_from_file(file_path, opts \\ [])

      


        Converts an OpenAPI specification from a local file.



    


    
      
        convert_from_url(url, opts \\ [])

      


        Converts an OpenAPI specification from a URL.



    


    
      
        convert_multiple(specs, opts \\ [])

      


        Converts multiple OpenAPI specifications and merges them into a single manual.



    


    
      
        validate(spec)

      


        Validates an OpenAPI specification without converting it.



    





      


      
        Functions


        


    

  
    
      
    
    
      convert(spec, opts \\ [])



        
          
        

    

  


  

      

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


      


Converts an OpenAPI specification to a UTCP manual.
Parameters
	spec: OpenAPI specification as a map
	opts: Optional configuration map with keys:	:base_url - Override base URL from spec
	:auth - Authentication configuration
	:prefix - Prefix for tool names
	:include_deprecated - Include deprecated operations (default: false)
	:filter_tags - Only include operations with these tags
	:exclude_tags - Exclude operations with these tags



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

  



    

  
    
      
    
    
      convert_from_file(file_path, opts \\ [])



        
          
        

    

  


  

      

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


      


Converts an OpenAPI specification from a local file.
Parameters
	file_path: Path to the OpenAPI specification file
	opts: Optional configuration (same as convert/2)

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

  



    

  
    
      
    
    
      convert_from_url(url, opts \\ [])



        
          
        

    

  


  

      

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


      


Converts an OpenAPI specification from a URL.
Parameters
	url: URL to the OpenAPI specification
	opts: Optional configuration (same as convert/2)

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

  



    

  
    
      
    
    
      convert_multiple(specs, opts \\ [])



        
          
        

    

  


  

      

          @spec convert_multiple(
  list(),
  keyword()
) :: {:ok, map()} | {:error, term()}


      


Converts multiple OpenAPI specifications and merges them into a single manual.
Parameters
	specs: List of specification sources (maps, URLs, or file paths)
	opts: Optional configuration (same as convert/2)

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

  



  
    
      
    
    
      validate(spec)



        
          
        

    

  


  

      

          @spec validate(map()) :: {:ok, map()} | {:error, term()}


      


Validates an OpenAPI specification without converting it.
Parameters
	spec: OpenAPI specification as a map

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

  


        

      


  

    
ExUtcp.OpenApiConverter.AuthMapper 
    



      
Maps OpenAPI security schemes to UTCP authentication configurations.

      


      
        Summary


  
    Functions
  


    
      
        create_tool_auth(security_schemes, operation_security)

      


        Creates authentication configuration for tools that require auth.



    


    
      
        map_all_security_schemes(security_schemes)

      


        Maps multiple security schemes to a list of authentication options.



    


    
      
        map_security_requirement(security_requirement, security_schemes)

      


        Maps OpenAPI security schemes to UTCP authentication.



    


    
      
        map_security_scheme(scheme)

      


        Maps a single OpenAPI security scheme to UTCP authentication.



    


    
      
        validate_auth(auth, security_schemes)

      


        Validates authentication configuration against OpenAPI security schemes.



    





      


      
        Functions


        


  
    
      
    
    
      create_tool_auth(security_schemes, operation_security)



        
          
        

    

  


  

      

          @spec create_tool_auth(map(), list()) :: map() | nil


      


Creates authentication configuration for tools that require auth.
Parameters
	security_schemes: Available security schemes
	operation_security: Security requirements for the operation

Returns
UTCP authentication configuration or nil.

  



  
    
      
    
    
      map_all_security_schemes(security_schemes)



        
          
        

    

  


  

      

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


      


Maps multiple security schemes to a list of authentication options.
Parameters
	security_schemes: Map of security schemes

Returns
List of UTCP authentication configurations.

  



  
    
      
    
    
      map_security_requirement(security_requirement, security_schemes)



        
          
        

    

  


  

      

          @spec map_security_requirement(map(), map()) :: map() | nil


      


Maps OpenAPI security schemes to UTCP authentication.
Parameters
	security_requirement: OpenAPI security requirement
	security_schemes: Available security schemes

Returns
UTCP authentication configuration or nil.

  



  
    
      
    
    
      map_security_scheme(scheme)



        
          
        

    

  


  

      

          @spec map_security_scheme(ExUtcp.OpenApiConverter.Types.ParsedSecurityScheme.t()) ::
  map() | nil


      


Maps a single OpenAPI security scheme to UTCP authentication.
Parameters
	scheme: OpenAPI security scheme

Returns
UTCP authentication configuration or nil.

  



  
    
      
    
    
      validate_auth(auth, security_schemes)



        
          
        

    

  


  

      

          @spec validate_auth(map(), map()) :: {:ok, map()} | {:error, term()}


      


Validates authentication configuration against OpenAPI security schemes.
Parameters
	auth: UTCP authentication configuration
	security_schemes: Available security schemes

Returns
{:ok, validated_auth} or {:error, reason}.

  


        

      


  

    
ExUtcp.OpenApiConverter.Generator 
    



      
Generates UTCP tools from parsed OpenAPI specifications.

      


      
        Summary


  
    Functions
  


    
      
        generate_tools(parsed_spec, opts \\ [])

      


        Generates UTCP tools from a parsed OpenAPI specification.



    





      


      
        Functions


        


    

  
    
      
    
    
      generate_tools(parsed_spec, opts \\ [])



        
          
        

    

  


  

      

          @spec generate_tools(
  ExUtcp.OpenApiConverter.Types.ParsedSpec.t(),
  keyword()
) :: {:ok, [map()]} | {:error, term()}


      


Generates UTCP tools from a parsed OpenAPI specification.
Parameters
	parsed_spec: Parsed OpenAPI specification
	opts: Conversion options

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

  


        

      


  

    
ExUtcp.OpenApiConverter.Parser 
    



      
OpenAPI specification parser for both 2.0 and 3.0 versions.

      


      
        Summary


  
    Functions
  


    
      
        parse(spec)

      


        Parses an OpenAPI specification into a normalized structure.



    


    
      
        validate(spec)

      


        Validates an OpenAPI specification.



    





      


      
        Functions


        


  
    
      
    
    
      parse(spec)



        
          
        

    

  


  

      

          @spec parse(map()) ::
  {:ok, ExUtcp.OpenApiConverter.Types.ParsedSpec.t()} | {:error, term()}


      


Parses an OpenAPI specification into a normalized structure.
Parameters
	spec: OpenAPI specification as a map

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

  



  
    
      
    
    
      validate(spec)



        
          
        

    

  


  

      

          @spec validate(map()) ::
  {:ok, ExUtcp.OpenApiConverter.Types.ValidationResult.t()} | {:error, term()}


      


Validates an OpenAPI specification.
Parameters
	spec: OpenAPI specification as a map

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

  


        

      


  

    
ExUtcp.OpenApiConverter.Types 
    



      
Types and data structures for OpenAPI Converter.

      




  

    
ExUtcp.OpenApiConverter.Types.Contact 
    



      
Contact information

      




  

    
ExUtcp.OpenApiConverter.Types.ConversionOptions 
    



      
OpenAPI conversion options

      




  

    
ExUtcp.OpenApiConverter.Types.ExternalDocs 
    



      
External documentation

      




  

    
ExUtcp.OpenApiConverter.Types.License 
    



      
License information

      




  

    
ExUtcp.OpenApiConverter.Types.OpenApiComponents 
    



      
OpenAPI 3.0 components

      




  

    
ExUtcp.OpenApiConverter.Types.OpenApiInfo 
    



      
OpenAPI 3.0 info section

      




  

    
ExUtcp.OpenApiConverter.Types.OpenApiMediaType 
    



      
OpenAPI 3.0 media type

      




  

    
ExUtcp.OpenApiConverter.Types.OpenApiOAuthFlow 
    



      
OpenAPI 3.0 OAuth flow

      




  

    
ExUtcp.OpenApiConverter.Types.OpenApiOAuthFlows 
    



      
OpenAPI 3.0 OAuth flows

      




  

    
ExUtcp.OpenApiConverter.Types.OpenApiOperation 
    



      
OpenAPI 3.0 operation

      




  

    
ExUtcp.OpenApiConverter.Types.OpenApiParameter 
    



      
OpenAPI 3.0 parameter

      




  

    
ExUtcp.OpenApiConverter.Types.OpenApiPathItem 
    



      
OpenAPI 3.0 path item

      




  

    
ExUtcp.OpenApiConverter.Types.OpenApiRequestBody 
    



      
OpenAPI 3.0 request body

      




  

    
ExUtcp.OpenApiConverter.Types.OpenApiResponse 
    



      
OpenAPI 3.0 response

      




  

    
ExUtcp.OpenApiConverter.Types.OpenApiSchema 
    



      
OpenAPI 3.0 schema

      




  

    
ExUtcp.OpenApiConverter.Types.OpenApiSecurityScheme 
    



      
OpenAPI 3.0 security scheme

      




  

    
ExUtcp.OpenApiConverter.Types.OpenApiServer 
    



      
OpenAPI 3.0 server

      




  

    
ExUtcp.OpenApiConverter.Types.OpenApiSpec 
    



      
OpenAPI 3.0 specification structure

      




  

    
ExUtcp.OpenApiConverter.Types.ParsedInfo 
    



      
Parsed info section

      




  

    
ExUtcp.OpenApiConverter.Types.ParsedOperation 
    



      
Parsed operation information

      




  

    
ExUtcp.OpenApiConverter.Types.ParsedParameter 
    



      
Parsed parameter information

      




  

    
ExUtcp.OpenApiConverter.Types.ParsedPath 
    



      
Parsed path information

      




  

    
ExUtcp.OpenApiConverter.Types.ParsedRequestBody 
    



      
Parsed request body information

      




  

    
ExUtcp.OpenApiConverter.Types.ParsedResponse 
    



      
Parsed response information

      




  

    
ExUtcp.OpenApiConverter.Types.ParsedSecurityScheme 
    



      
Parsed security scheme information

      




  

    
ExUtcp.OpenApiConverter.Types.ParsedServer 
    



      
Parsed server information

      




  

    
ExUtcp.OpenApiConverter.Types.ParsedSpec 
    



      
Parsed OpenAPI specification

      




  

    
ExUtcp.OpenApiConverter.Types.SwaggerInfo 
    



      
OpenAPI 2.0 info section

      




  

    
ExUtcp.OpenApiConverter.Types.SwaggerOperation 
    



      
OpenAPI 2.0 operation

      




  

    
ExUtcp.OpenApiConverter.Types.SwaggerParameter 
    



      
OpenAPI 2.0 parameter

      




  

    
ExUtcp.OpenApiConverter.Types.SwaggerPath 
    



      
OpenAPI 2.0 path item

      




  

    
ExUtcp.OpenApiConverter.Types.SwaggerResponse 
    



      
OpenAPI 2.0 response

      




  

    
ExUtcp.OpenApiConverter.Types.SwaggerSchema 
    



      
OpenAPI 2.0 schema

      




  

    
ExUtcp.OpenApiConverter.Types.SwaggerSecurityDefinition 
    



      
OpenAPI 2.0 security definition

      




  

    
ExUtcp.OpenApiConverter.Types.SwaggerSpec 
    



      
OpenAPI 2.0 (Swagger) specification structure

      




  

    
ExUtcp.OpenApiConverter.Types.Tag 
    



      
Tag information

      




  

    
ExUtcp.OpenApiConverter.Types.ValidationError 
    



      
Validation error

      




  

    
ExUtcp.OpenApiConverter.Types.ValidationResult 
    



      
OpenAPI validation result

      




  

    
ExUtcp.Providers 
    



      
Provider implementations for different protocols.
This module contains the data structures and functions for various provider types
including HTTP, CLI, WebSocket, gRPC, GraphQL, TCP, UDP, WebRTC, MCP, and Text providers.

      


      
        Summary


  
    Functions
  


    
      
        get_name(provider)

      


        Gets the provider name from a provider struct.



    


    
      
        get_type(provider)

      


        Gets the provider type from a provider struct.



    


    
      
        new_cli_provider(opts)

      


        Creates a new CLI provider.



    


    
      
        new_graphql_provider(opts)

      


        Creates a new GraphQL provider.



    


    
      
        new_grpc_provider(opts)

      


        Creates a new gRPC provider.



    


    
      
        new_http_provider(opts)

      


        Creates a new HTTP provider.



    


    
      
        new_mcp_provider(opts)

      


        Creates a new MCP provider.



    


    
      
        new_sse_provider(opts)

      


        Creates a new SSE provider.



    


    
      
        new_streamable_http_provider(opts)

      


        Creates a new Streamable HTTP provider.



    


    
      
        new_tcp_provider(opts)

      


        Creates a new TCP provider.



    


    
      
        new_text_provider(opts)

      


        Creates a new Text provider.



    


    
      
        new_udp_provider(opts)

      


        Creates a new UDP provider.



    


    
      
        new_webrtc_provider(opts)

      


        Creates a new WebRTC provider.



    


    
      
        new_websocket_provider(opts)

      


        Creates a new WebSocket provider.



    


    
      
        normalize_name(name)

      


        Normalizes provider name by replacing dots with underscores.



    


    
      
        set_name(provider, name)

      


        Sets the provider name.



    


    
      
        validate_provider(provider)

      


        Validates a provider configuration.



    





      


      
        Functions


        


  
    
      
    
    
      get_name(provider)



        
          
        

    

  


  

      

          @spec get_name(ExUtcp.Types.provider()) :: String.t()


      


Gets the provider name from a provider struct.

  



  
    
      
    
    
      get_type(provider)



        
          
        

    

  


  

      

          @spec get_type(ExUtcp.Types.provider()) :: ExUtcp.Types.provider_type()


      


Gets the provider type from a provider struct.

  



  
    
      
    
    
      new_cli_provider(opts)



        
          
        

    

  


  

      

          @spec new_cli_provider(keyword()) :: ExUtcp.Types.cli_provider()


      


Creates a new CLI provider.

  



  
    
      
    
    
      new_graphql_provider(opts)



        
          
        

    

  


  

      

          @spec new_graphql_provider(keyword()) :: ExUtcp.Types.graphql_provider()


      


Creates a new GraphQL provider.

  



  
    
      
    
    
      new_grpc_provider(opts)



        
          
        

    

  


  

      

          @spec new_grpc_provider(keyword()) :: ExUtcp.Types.grpc_provider()


      


Creates a new gRPC provider.

  



  
    
      
    
    
      new_http_provider(opts)



        
          
        

    

  


  

      

          @spec new_http_provider(keyword()) :: ExUtcp.Types.http_provider()


      


Creates a new HTTP provider.

  



  
    
      
    
    
      new_mcp_provider(opts)



        
          
        

    

  


  

      

          @spec new_mcp_provider(keyword()) :: ExUtcp.Types.mcp_provider()


      


Creates a new MCP provider.

  



  
    
      
    
    
      new_sse_provider(opts)



        
          
        

    

  


  

      

          @spec new_sse_provider(keyword()) :: ExUtcp.Types.sse_provider()


      


Creates a new SSE provider.

  



  
    
      
    
    
      new_streamable_http_provider(opts)



        
          
        

    

  


  

      

          @spec new_streamable_http_provider(keyword()) ::
  ExUtcp.Types.streamable_http_provider()


      


Creates a new Streamable HTTP provider.

  



  
    
      
    
    
      new_tcp_provider(opts)



        
          
        

    

  


  

      

          @spec new_tcp_provider(keyword()) :: ExUtcp.Types.tcp_provider()


      


Creates a new TCP provider.

  



  
    
      
    
    
      new_text_provider(opts)



        
          
        

    

  


  

      

          @spec new_text_provider(keyword()) :: ExUtcp.Types.text_provider()


      


Creates a new Text provider.

  



  
    
      
    
    
      new_udp_provider(opts)



        
          
        

    

  


  

      

          @spec new_udp_provider(keyword()) :: ExUtcp.Types.udp_provider()


      


Creates a new UDP provider.

  



  
    
      
    
    
      new_webrtc_provider(opts)



        
          
        

    

  


  

      

          @spec new_webrtc_provider(keyword()) :: ExUtcp.Types.webrtc_provider()


      


Creates a new WebRTC provider.

  



  
    
      
    
    
      new_websocket_provider(opts)



        
          
        

    

  


  

      

          @spec new_websocket_provider(keyword()) :: ExUtcp.Types.websocket_provider()


      


Creates a new WebSocket provider.

  



  
    
      
    
    
      normalize_name(name)



        
          
        

    

  


  

      

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


      


Normalizes provider name by replacing dots with underscores.

  



  
    
      
    
    
      set_name(provider, name)



        
          
        

    

  


  

      

          @spec set_name(ExUtcp.Types.provider(), String.t()) :: ExUtcp.Types.provider()


      


Sets the provider name.

  



  
    
      
    
    
      validate_provider(provider)



        
          
        

    

  


  

      

          @spec validate_provider(ExUtcp.Types.provider()) :: :ok | {:error, String.t()}


      


Validates a provider configuration.

  


        

      


  

    
ExUtcp.Repository 
    



      
In-memory repository for storing providers and tools.
This module provides a simple in-memory storage solution for UTCP providers and tools.
In a production environment, you might want to implement a persistent storage backend.

      


      
        Summary


  
    Functions
  


    
      
        add_tool(repo, tool)

      


        Adds a tool to the repository.



    


    
      
        clear(repo)

      


        Clears all providers and tools from the repository.



    


    
      
        get_provider(repo, provider_name)

      


        Gets a provider by name.



    


    
      
        get_providers(repo)

      


        Gets all providers.



    


    
      
        get_tool(repo, tool_name)

      


        Gets a tool by name.



    


    
      
        get_tools(repo)

      


        Gets all tools.



    


    
      
        get_tools_by_provider(repo, provider_name)

      


        Gets tools by provider name.



    


    
      
        has_provider?(repo, provider_name)

      


        Checks if a provider exists.



    


    
      
        has_tool?(repo, tool_name)

      


        Checks if a tool exists.



    


    
      
        new()

      


        Creates a new in-memory tool repository.



    


    
      
        provider_count(repo)

      


        Gets the count of providers in the repository.



    


    
      
        remove_provider(repo, provider_name)

      


        Removes a provider and its tools.



    


    
      
        remove_tool(repo, tool_name)

      


        Removes a specific tool.



    


    
      
        save_provider_with_tools(repo, provider, tools)

      


        Saves a provider with its associated tools.



    


    
      
        search_tools(repo, query, limit)

      


        Searches for tools matching a query.



    


    
      
        tool_count(repo)

      


        Gets the count of tools in the repository.



    





      


      
        Functions


        


  
    
      
    
    
      add_tool(repo, tool)



        
          
        

    

  


  

      

          @spec add_tool(ExUtcp.Types.tool_repository(), ExUtcp.Types.tool()) ::
  {:ok, ExUtcp.Types.tool_repository()} | {:error, String.t()}


      


Adds a tool to the repository.

  



  
    
      
    
    
      clear(repo)



        
          
        

    

  


  

      

          @spec clear(ExUtcp.Types.tool_repository()) :: ExUtcp.Types.tool_repository()


      


Clears all providers and tools from the repository.

  



  
    
      
    
    
      get_provider(repo, provider_name)



        
          
        

    

  


  

      

          @spec get_provider(ExUtcp.Types.tool_repository(), String.t()) ::
  ExUtcp.Types.provider() | nil


      


Gets a provider by name.

  



  
    
      
    
    
      get_providers(repo)



        
          
        

    

  


  

      

          @spec get_providers(ExUtcp.Types.tool_repository()) :: [ExUtcp.Types.provider()]


      


Gets all providers.

  



  
    
      
    
    
      get_tool(repo, tool_name)



        
          
        

    

  


  

      

          @spec get_tool(ExUtcp.Types.tool_repository(), String.t()) ::
  ExUtcp.Types.tool() | nil


      


Gets a tool by name.

  



  
    
      
    
    
      get_tools(repo)



        
          
        

    

  


  

      

          @spec get_tools(ExUtcp.Types.tool_repository()) :: [ExUtcp.Types.tool()]


      


Gets all tools.

  



  
    
      
    
    
      get_tools_by_provider(repo, provider_name)



        
          
        

    

  


  

      

          @spec get_tools_by_provider(ExUtcp.Types.tool_repository(), String.t()) :: [
  ExUtcp.Types.tool()
]


      


Gets tools by provider name.

  



  
    
      
    
    
      has_provider?(repo, provider_name)



        
          
        

    

  


  

      

          @spec has_provider?(ExUtcp.Types.tool_repository(), String.t()) :: boolean()


      


Checks if a provider exists.

  



  
    
      
    
    
      has_tool?(repo, tool_name)



        
          
        

    

  


  

      

          @spec has_tool?(ExUtcp.Types.tool_repository(), String.t()) :: boolean()


      


Checks if a tool exists.

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: ExUtcp.Types.tool_repository()


      


Creates a new in-memory tool repository.

  



  
    
      
    
    
      provider_count(repo)



        
          
        

    

  


  

      

          @spec provider_count(ExUtcp.Types.tool_repository()) :: integer()


      


Gets the count of providers in the repository.

  



  
    
      
    
    
      remove_provider(repo, provider_name)



        
          
        

    

  


  

      

          @spec remove_provider(ExUtcp.Types.tool_repository(), String.t()) ::
  ExUtcp.Types.tool_repository()


      


Removes a provider and its tools.

  



  
    
      
    
    
      remove_tool(repo, tool_name)



        
          
        

    

  


  

      

          @spec remove_tool(ExUtcp.Types.tool_repository(), String.t()) ::
  ExUtcp.Types.tool_repository()


      


Removes a specific tool.

  



  
    
      
    
    
      save_provider_with_tools(repo, provider, tools)



        
          
        

    

  


  

      

          @spec save_provider_with_tools(
  ExUtcp.Types.tool_repository(),
  ExUtcp.Types.provider(),
  [
    ExUtcp.Types.tool()
  ]
) :: ExUtcp.Types.tool_repository()


      


Saves a provider with its associated tools.

  



  
    
      
    
    
      search_tools(repo, query, limit)



        
          
        

    

  


  

      

          @spec search_tools(ExUtcp.Types.tool_repository(), String.t(), integer()) :: [
  ExUtcp.Types.tool()
]


      


Searches for tools matching a query.

  



  
    
      
    
    
      tool_count(repo)



        
          
        

    

  


  

      

          @spec tool_count(ExUtcp.Types.tool_repository()) :: integer()


      


Gets the count of tools in the repository.

  


        

      


  

    
ExUtcp.Tools 
    



      
Tool definitions and management for UTCP.
This module handles tool schemas, registration, and discovery.

      


      
        Summary


  
    Functions
  


    
      
        extract_provider_name(full_name)

      


        Extracts the provider name from a full tool name.



    


    
      
        extract_tool_name(full_name)

      


        Extracts the tool name without provider prefix.



    


    
      
        matches_query?(tool, query)

      


        Checks if a tool matches a search query.



    


    
      
        new_schema(opts \\ [])

      


        Creates a new tool input/output schema.



    


    
      
        new_tool(opts)

      


        Creates a new tool definition.



    


    
      
        normalize_name(tool_name, provider_name)

      


        Normalizes tool name by ensuring it has a provider prefix.



    


    
      
        validate_tool(tool)

      


        Validates a tool definition.



    





      


      
        Functions


        


  
    
      
    
    
      extract_provider_name(full_name)



        
          
        

    

  


  

      

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


      


Extracts the provider name from a full tool name.

  



  
    
      
    
    
      extract_tool_name(full_name)



        
          
        

    

  


  

      

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


      


Extracts the tool name without provider prefix.

  



  
    
      
    
    
      matches_query?(tool, query)



        
          
        

    

  


  

      

          @spec matches_query?(ExUtcp.Types.tool(), String.t()) :: boolean()


      


Checks if a tool matches a search query.

  



    

  
    
      
    
    
      new_schema(opts \\ [])



        
          
        

    

  


  

      

          @spec new_schema(keyword()) :: ExUtcp.Types.tool_input_output_schema()


      


Creates a new tool input/output schema.

  



  
    
      
    
    
      new_tool(opts)



        
          
        

    

  


  

      

          @spec new_tool(keyword()) :: ExUtcp.Types.tool()


      


Creates a new tool definition.

  



  
    
      
    
    
      normalize_name(tool_name, provider_name)



        
          
        

    

  


  

      

          @spec normalize_name(String.t(), String.t()) :: String.t()


      


Normalizes tool name by ensuring it has a provider prefix.

  



  
    
      
    
    
      validate_tool(tool)



        
          
        

    

  


  

      

          @spec validate_tool(ExUtcp.Types.tool()) :: :ok | {:error, String.t()}


      


Validates a tool definition.

  


        

      


  

    
ExUtcp.Transports.Behaviour behaviour
    



      
Behaviour definition for UTCP transports.
All transport implementations must implement this behaviour to ensure
consistent interface across different communication protocols.

      


      
        Summary


  
    Callbacks
  


    
      
        call_tool(t, map, provider)

      


        Calls a specific tool with the given arguments.



    


    
      
        call_tool_stream(t, map, provider)

      


        Calls a tool with streaming support.



    


    
      
        close()

      


        Closes the transport and cleans up resources.



    


    
      
        deregister_tool_provider(provider)

      


        Deregisters a tool provider.



    


    
      
        register_tool_provider(provider)

      


        Registers a tool provider and returns the discovered tools.



    


    
      
        supports_streaming?()

      


        Checks if the transport supports streaming.



    


    
      
        transport_name()

      


        Gets the transport name.



    





      


      
        Callbacks


        


  
    
      
    
    
      call_tool(t, map, provider)



        
          
        

    

  


  

      

          @callback call_tool(String.t(), map(), ExUtcp.Types.provider()) ::
  ExUtcp.Types.call_result()


      


Calls a specific tool with the given arguments.

  



  
    
      
    
    
      call_tool_stream(t, map, provider)



        
          
        

    

  


  

      

          @callback call_tool_stream(String.t(), map(), ExUtcp.Types.provider()) ::
  ExUtcp.Types.stream_call_result()


      


Calls a tool with streaming support.

  



  
    
      
    
    
      close()



        
          
        

    

  


  

      

          @callback close() :: :ok | {:error, any()}


      


Closes the transport and cleans up resources.

  



  
    
      
    
    
      deregister_tool_provider(provider)



        
          
        

    

  


  

      

          @callback deregister_tool_provider(ExUtcp.Types.provider()) ::
  ExUtcp.Types.deregister_result()


      


Deregisters a tool provider.

  



  
    
      
    
    
      register_tool_provider(provider)



        
          
        

    

  


  

      

          @callback register_tool_provider(ExUtcp.Types.provider()) ::
  ExUtcp.Types.register_result()


      


Registers a tool provider and returns the discovered tools.

  



  
    
      
    
    
      supports_streaming?()



        
          
        

    

  


  

      

          @callback supports_streaming?() :: boolean()


      


Checks if the transport supports streaming.

  



  
    
      
    
    
      transport_name()



        
          
        

    

  


  

      

          @callback transport_name() :: String.t()


      


Gets the transport name.

  


        

      


  

    
ExUtcp.Transports.Cli 
    



      
CLI transport implementation for UTCP.
This transport handles command-line based tool providers, executing external
commands to discover and call tools.

      


      
        Summary


  
    Functions
  


    
      
        new(opts \\ [])

      


        Creates a new CLI transport.



    





      


      
        Functions


        


    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: %ExUtcp.Transports.Cli{logger: term()}


      


Creates a new CLI transport.

  


        

      


  

    
ExUtcp.Transports.Graphql 
    



      
Production-ready GraphQL transport implementation for UTCP.
This transport handles GraphQL-based tool providers with:
	Real GraphQL queries, mutations, and subscriptions
	Connection management and pooling
	Authentication support (API Key, Basic, OAuth2)
	Error recovery with retry logic
	Real-time subscription support
	Schema introspection and validation


      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        introspect_schema(provider, opts \\ [])

      


        Introspects the GraphQL schema.



    


    
      
        mutation(provider, mutation_string, variables \\ %{}, opts \\ [])

      


        Executes a GraphQL mutation.



    


    
      
        new(opts \\ [])

      


        Creates a new GraphQL transport.



    


    
      
        query(provider, query_string, variables \\ %{}, opts \\ [])

      


        Executes a GraphQL query.



    


    
      
        start_link(opts \\ [])

      


        Starts the GraphQL transport GenServer.



    


    
      
        subscription(provider, subscription_string, variables \\ %{}, opts \\ [])

      


        Executes a GraphQL subscription.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



    

  
    
      
    
    
      introspect_schema(provider, opts \\ [])



        
          
        

    

  


  

      

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


      


Introspects the GraphQL schema.

  



    

    

  
    
      
    
    
      mutation(provider, mutation_string, variables \\ %{}, opts \\ [])



        
          
        

    

  


  

      

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


      


Executes a GraphQL mutation.

  



    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: %ExUtcp.Transports.Graphql{
  connection_timeout: term(),
  logger: term(),
  max_retries: term(),
  pool_opts: term(),
  retry_config: term(),
  retry_delay: term()
}


      


Creates a new GraphQL transport.

  



    

    

  
    
      
    
    
      query(provider, query_string, variables \\ %{}, opts \\ [])



        
          
        

    

  


  

      

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


      


Executes a GraphQL query.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

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


      


Starts the GraphQL transport GenServer.

  



    

    

  
    
      
    
    
      subscription(provider, subscription_string, variables \\ %{}, opts \\ [])



        
          
        

    

  


  

      

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


      


Executes a GraphQL subscription.

  


        

      


  

    
ExUtcp.Transports.Graphql.Connection 
    



      
Manages GraphQL connections with pooling and lifecycle management.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        close(pid)

      


        Closes the GraphQL connection.



    


    
      
        get_last_used(pid)

      


        Gets the last used timestamp.



    


    
      
        healthy?(pid)

      


        Checks if the connection is healthy.



    


    
      
        introspect_schema(pid, opts \\ [])

      


        Introspects the GraphQL schema.



    


    
      
        mutation(pid, mutation_string, variables \\ %{}, opts \\ [])

      


        Executes a GraphQL mutation.



    


    
      
        query(pid, query_string, variables \\ %{}, opts \\ [])

      


        Executes a GraphQL query.



    


    
      
        start_link(provider, opts \\ [])

      


        Starts a new GraphQL connection process.



    


    
      
        subscription(pid, subscription_string, variables \\ %{}, opts \\ [])

      


        Executes a GraphQL subscription.



    


    
      
        update_last_used(pid)

      


        Updates the last used timestamp.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExUtcp.Transports.Graphql.Connection{
  client: Req.Request.t(),
  connection_state: :connecting | :connected | :disconnected | :error,
  last_used: DateTime.t(),
  max_retries: non_neg_integer(),
  provider: map(),
  retry_count: non_neg_integer(),
  subscription_handles: %{required(String.t()) => pid()}
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      close(pid)



        
          
        

    

  


  

      

          @spec close(pid()) :: :ok


      


Closes the GraphQL connection.

  



  
    
      
    
    
      get_last_used(pid)



        
          
        

    

  


  

      

          @spec get_last_used(pid()) :: integer()


      


Gets the last used timestamp.

  



  
    
      
    
    
      healthy?(pid)



        
          
        

    

  


  

      

          @spec healthy?(pid()) :: boolean()


      


Checks if the connection is healthy.

  



    

  
    
      
    
    
      introspect_schema(pid, opts \\ [])



        
          
        

    

  


  

      

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


      


Introspects the GraphQL schema.

  



    

    

  
    
      
    
    
      mutation(pid, mutation_string, variables \\ %{}, opts \\ [])



        
          
        

    

  


  

      

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


      


Executes a GraphQL mutation.

  



    

    

  
    
      
    
    
      query(pid, query_string, variables \\ %{}, opts \\ [])



        
          
        

    

  


  

      

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


      


Executes a GraphQL query.

  



    

  
    
      
    
    
      start_link(provider, opts \\ [])



        
          
        

    

  


  

      

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


      


Starts a new GraphQL connection process.

  



    

    

  
    
      
    
    
      subscription(pid, subscription_string, variables \\ %{}, opts \\ [])



        
          
        

    

  


  

      

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


      


Executes a GraphQL subscription.

  



  
    
      
    
    
      update_last_used(pid)



        
          
        

    

  


  

      

          @spec update_last_used(pid()) :: :ok


      


Updates the last used timestamp.

  


        

      


  

    
ExUtcp.Transports.Graphql.ConnectionBehaviour behaviour
    



      
Behaviour for GraphQL connections to enable mocking in tests.

      


      
        Summary


  
    Callbacks
  


    
      
        close(pid)

      


    


    
      
        get_last_used(pid)

      


    


    
      
        introspect_schema(pid, opts)

      


    


    
      
        mutation(pid, mutation, variables, opts)

      


    


    
      
        query(pid, query, variables, opts)

      


    


    
      
        start_link(provider)

      


    


    
      
        subscription(pid, subscription, variables, opts)

      


    


    
      
        update_last_used(pid)

      


    





      


      
        Callbacks


        


  
    
      
    
    
      close(pid)



        
          
        

    

  


  

      

          @callback close(pid()) :: :ok | {:error, term()}


      



  



  
    
      
    
    
      get_last_used(pid)



        
          
        

    

  


  

      

          @callback get_last_used(pid()) :: integer()


      



  



  
    
      
    
    
      introspect_schema(pid, opts)



        
          
        

    

  


  

      

          @callback introspect_schema(pid(), opts :: keyword()) :: {:ok, map()} | {:error, term()}


      



  



  
    
      
    
    
      mutation(pid, mutation, variables, opts)



        
          
        

    

  


  

      

          @callback mutation(pid(), mutation :: String.t(), variables :: map(), opts :: keyword()) ::
  {:ok, map()} | {:error, term()}


      



  



  
    
      
    
    
      query(pid, query, variables, opts)



        
          
        

    

  


  

      

          @callback query(pid(), query :: String.t(), variables :: map(), opts :: keyword()) ::
  {:ok, map()} | {:error, term()}


      



  



  
    
      
    
    
      start_link(provider)



        
          
        

    

  


  

      

          @callback start_link(provider :: map()) :: {:ok, pid()} | {:error, term()}


      



  



  
    
      
    
    
      subscription(pid, subscription, variables, opts)



        
          
        

    

  


  

      

          @callback subscription(
  pid(),
  subscription :: String.t(),
  variables :: map(),
  opts :: keyword()
) ::
  {:ok, map()} | {:error, term()}


      



  



  
    
      
    
    
      update_last_used(pid)



        
          
        

    

  


  

      

          @callback update_last_used(pid()) :: :ok


      



  


        

      


  

    
ExUtcp.Transports.Graphql.MockConnection 
    



      
Mock connection for testing GraphQL transport without real network calls.

      


      
        Summary


  
    Functions
  


    
      
        introspect_schema(conn, opts \\ [])

      


        Introspects the GraphQL schema.



    


    
      
        mutation(conn, mutation_string, variables \\ %{}, opts \\ [])

      


        Executes a GraphQL mutation.



    


    
      
        query(conn, query_string, variables \\ %{}, opts \\ [])

      


        Executes a GraphQL query.



    


    
      
        subscription(conn, subscription_string, variables \\ %{}, opts \\ [])

      


        Executes a GraphQL subscription.



    





      


      
        Functions


        


    

  
    
      
    
    
      introspect_schema(conn, opts \\ [])



        
          
        

    

  


  

      

          @spec introspect_schema(
  atom(),
  keyword()
) :: {:ok, map()} | {:error, term()}


      


Introspects the GraphQL schema.

  



    

    

  
    
      
    
    
      mutation(conn, mutation_string, variables \\ %{}, opts \\ [])



        
          
        

    

  


  

      

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


      


Executes a GraphQL mutation.

  



    

    

  
    
      
    
    
      query(conn, query_string, variables \\ %{}, opts \\ [])



        
          
        

    

  


  

      

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


      


Executes a GraphQL query.

  



    

    

  
    
      
    
    
      subscription(conn, subscription_string, variables \\ %{}, opts \\ [])



        
          
        

    

  


  

      

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


      


Executes a GraphQL subscription.

  


        

      


  

    
ExUtcp.Transports.Graphql.Pool 
    



      
Manages a pool of GraphQL connections with lifecycle management.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        close_all_connections()

      


        Closes all connections.



    


    
      
        close_connection(pid)

      


        Closes a specific connection.



    


    
      
        get_connection(provider)

      


        Gets or creates a connection for the given provider.



    


    
      
        return_connection(pid)

      


        Returns a connection to the pool.



    


    
      
        start_link(opts \\ [])

      


        Starts the connection pool.



    


    
      
        stats()

      


        Gets pool statistics.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExUtcp.Transports.Graphql.Pool{
  cleanup_interval: timeout(),
  connection_timeout: timeout(),
  connections: %{required(String.t()) => pid()},
  max_connections: non_neg_integer(),
  max_idle_time: timeout()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      close_all_connections()



        
          
        

    

  


  

      

          @spec close_all_connections() :: :ok


      


Closes all connections.

  



  
    
      
    
    
      close_connection(pid)



        
          
        

    

  


  

      

          @spec close_connection(pid()) :: :ok


      


Closes a specific connection.

  



  
    
      
    
    
      get_connection(provider)



        
          
        

    

  


  

      

          @spec get_connection(map()) :: {:ok, pid()} | {:error, term()}


      


Gets or creates a connection for the given provider.

  



  
    
      
    
    
      return_connection(pid)



        
          
        

    

  


  

      

          @spec return_connection(pid()) :: :ok


      


Returns a connection to the pool.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

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


      


Starts the connection pool.

  



  
    
      
    
    
      stats()



        
          
        

    

  


  

      

          @spec stats() :: map()


      


Gets pool statistics.

  


        

      


  

    
ExUtcp.Transports.Graphql.PoolBehaviour behaviour
    



      
Behaviour for GraphQL connection pools to enable mocking in tests.

      


      
        Summary


  
    Callbacks
  


    
      
        close_all_connections()

      


    


    
      
        close_connection(pid)

      


    


    
      
        get_connection(provider)

      


    


    
      
        return_connection(pid)

      


    


    
      
        stats()

      


    





      


      
        Callbacks


        


  
    
      
    
    
      close_all_connections()



        
          
        

    

  


  

      

          @callback close_all_connections() :: :ok


      



  



  
    
      
    
    
      close_connection(pid)



        
          
        

    

  


  

      

          @callback close_connection(pid()) :: :ok


      



  



  
    
      
    
    
      get_connection(provider)



        
          
        

    

  


  

      

          @callback get_connection(provider :: map()) :: {:ok, pid()} | {:error, term()}


      



  



  
    
      
    
    
      return_connection(pid)



        
          
        

    

  


  

      

          @callback return_connection(pid()) :: :ok


      



  



  
    
      
    
    
      stats()



        
          
        

    

  


  

      

          @callback stats() :: map()


      



  


        

      


  

    
ExUtcp.Transports.Graphql.Schema 
    



      
GraphQL schema introspection and tool extraction utilities.

      


      
        Summary


  
    Functions
  


    
      
        build_mutation(tool_name, args)

      


        Builds a GraphQL mutation from tool name and arguments.



    


    
      
        build_query(tool_name, args)

      


        Builds a GraphQL query from tool name and arguments.



    


    
      
        build_subscription(tool_name, args)

      


        Builds a GraphQL subscription from tool name and arguments.



    


    
      
        extract_tools(schema)

      


        Extracts tools from a GraphQL schema introspection result.



    


    
      
        parse_response(response)

      


        Parses GraphQL response and extracts tool results.



    


    
      
        validate_query(query_string)

      


        Validates a GraphQL query string.



    





      


      
        Functions


        


  
    
      
    
    
      build_mutation(tool_name, args)



        
          
        

    

  


  

      

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


      


Builds a GraphQL mutation from tool name and arguments.

  



  
    
      
    
    
      build_query(tool_name, args)



        
          
        

    

  


  

      

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


      


Builds a GraphQL query from tool name and arguments.

  



  
    
      
    
    
      build_subscription(tool_name, args)



        
          
        

    

  


  

      

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


      


Builds a GraphQL subscription from tool name and arguments.

  



  
    
      
    
    
      extract_tools(schema)



        
          
        

    

  


  

      

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


      


Extracts tools from a GraphQL schema introspection result.

  



  
    
      
    
    
      parse_response(response)



        
          
        

    

  


  

      

          @spec parse_response(map()) :: {:ok, map()} | {:error, term()}


      


Parses GraphQL response and extracts tool results.

  



  
    
      
    
    
      validate_query(query_string)



        
          
        

    

  


  

      

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


      


Validates a GraphQL query string.

  


        

      


  

    
ExUtcp.Transports.Graphql.Testable 
    



      
Testable version of the GraphQL transport that allows injecting mock modules.

      


      
        Summary


  
    Functions
  


    
      
        call_tool(transport, tool_name, args, provider)

      


    


    
      
        call_tool_stream(transport, tool_name, args, provider)

      


    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        close(transport)

      


    


    
      
        deregister_tool_provider(transport, provider)

      


    


    
      
        introspect_schema(transport, provider, opts \\ [])

      


    


    
      
        mutation(transport, provider, mutation_string, variables \\ %{}, opts \\ [])

      


    


    
      
        new(opts \\ [])

      


        Creates a new testable GraphQL transport.



    


    
      
        query(transport, provider, query_string, variables \\ %{}, opts \\ [])

      


    


    
      
        register_tool_provider(transport, provider)

      


        Overloaded public functions that accept a transport struct as the first argument
to allow direct manipulation of the transport state in tests.



    


    
      
        subscription(transport, provider, subscription_string, variables \\ %{}, opts \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      call_tool(transport, tool_name, args, provider)



        
          
        

    

  


  

      

          @spec call_tool(
  %ExUtcp.Transports.Graphql.Testable{
    connection_module: term(),
    connection_timeout: term(),
    genserver_module: term(),
    logger: term(),
    max_retries: term(),
    pool_opts: term(),
    retry_config: term(),
    retry_delay: term()
  },
  String.t(),
  map(),
  map()
) :: {:ok, map()} | {:error, term()}


      



  



  
    
      
    
    
      call_tool_stream(transport, tool_name, args, provider)



        
          
        

    

  


  

      

          @spec call_tool_stream(
  %ExUtcp.Transports.Graphql.Testable{
    connection_module: term(),
    connection_timeout: term(),
    genserver_module: term(),
    logger: term(),
    max_retries: term(),
    pool_opts: term(),
    retry_config: term(),
    retry_delay: term()
  },
  String.t(),
  map(),
  map()
) :: {:ok, map()} | {:error, term()}


      



  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      close(transport)



        
          
        

    

  


  


  



  
    
      
    
    
      deregister_tool_provider(transport, provider)



        
          
        

    

  


  

      

          @spec deregister_tool_provider(
  %ExUtcp.Transports.Graphql.Testable{
    connection_module: term(),
    connection_timeout: term(),
    genserver_module: term(),
    logger: term(),
    max_retries: term(),
    pool_opts: term(),
    retry_config: term(),
    retry_delay: term()
  },
  map()
) :: :ok | {:error, term()}


      



  



    

  
    
      
    
    
      introspect_schema(transport, provider, opts \\ [])



        
          
        

    

  


  

      

          @spec introspect_schema(
  %ExUtcp.Transports.Graphql.Testable{
    connection_module: term(),
    connection_timeout: term(),
    genserver_module: term(),
    logger: term(),
    max_retries: term(),
    pool_opts: term(),
    retry_config: term(),
    retry_delay: term()
  },
  map(),
  keyword()
) :: {:ok, map()} | {:error, term()}


      



  



    

    

  
    
      
    
    
      mutation(transport, provider, mutation_string, variables \\ %{}, opts \\ [])



        
          
        

    

  


  

      

          @spec mutation(
  %ExUtcp.Transports.Graphql.Testable{
    connection_module: term(),
    connection_timeout: term(),
    genserver_module: term(),
    logger: term(),
    max_retries: term(),
    pool_opts: term(),
    retry_config: term(),
    retry_delay: term()
  },
  map(),
  String.t(),
  map(),
  keyword()
) :: {:ok, map()} | {:error, term()}


      



  



    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: %ExUtcp.Transports.Graphql.Testable{
  connection_module: term(),
  connection_timeout: term(),
  genserver_module: term(),
  logger: term(),
  max_retries: term(),
  pool_opts: term(),
  retry_config: term(),
  retry_delay: term()
}


      


Creates a new testable GraphQL transport.

  



    

    

  
    
      
    
    
      query(transport, provider, query_string, variables \\ %{}, opts \\ [])



        
          
        

    

  


  

      

          @spec query(
  %ExUtcp.Transports.Graphql.Testable{
    connection_module: term(),
    connection_timeout: term(),
    genserver_module: term(),
    logger: term(),
    max_retries: term(),
    pool_opts: term(),
    retry_config: term(),
    retry_delay: term()
  },
  map(),
  String.t(),
  map(),
  keyword()
) :: {:ok, map()} | {:error, term()}


      



  



  
    
      
    
    
      register_tool_provider(transport, provider)



        
          
        

    

  


  

      

          @spec register_tool_provider(
  %ExUtcp.Transports.Graphql.Testable{
    connection_module: term(),
    connection_timeout: term(),
    genserver_module: term(),
    logger: term(),
    max_retries: term(),
    pool_opts: term(),
    retry_config: term(),
    retry_delay: term()
  },
  map()
) :: {:ok, [map()]} | {:error, term()}


      


Overloaded public functions that accept a transport struct as the first argument
to allow direct manipulation of the transport state in tests.

  



    

    

  
    
      
    
    
      subscription(transport, provider, subscription_string, variables \\ %{}, opts \\ [])



        
          
        

    

  


  

      

          @spec subscription(
  %ExUtcp.Transports.Graphql.Testable{
    connection_module: term(),
    connection_timeout: term(),
    genserver_module: term(),
    logger: term(),
    max_retries: term(),
    pool_opts: term(),
    retry_config: term(),
    retry_delay: term()
  },
  map(),
  String.t(),
  map(),
  keyword()
) :: {:ok, [map()]} | {:error, term()}


      



  


        

      


  

    
ExUtcp.Transports.Grpc 
    



      
Production-ready gRPC transport implementation for UTCP.
This transport handles gRPC-based tool providers with:
	Real gRPC connections using Protocol Buffers
	Connection pooling and lifecycle management
	Authentication support (API Key, Basic, OAuth2)
	Error recovery with retry logic
	gNMI integration for network management
	High-performance streaming capabilities


      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        gnmi_get(provider, paths, opts \\ [])

      


        Performs a gNMI Get operation.



    


    
      
        gnmi_set(provider, updates, opts \\ [])

      


        Performs a gNMI Set operation.



    


    
      
        gnmi_subscribe(provider, paths, opts \\ [])

      


        Performs a gNMI Subscribe operation.



    


    
      
        new(opts \\ [])

      


        Creates a new gRPC transport.



    


    
      
        start_link(opts \\ [])

      


        Starts the gRPC transport GenServer.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



    

  
    
      
    
    
      gnmi_get(provider, paths, opts \\ [])



        
          
        

    

  


  

      

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


      


Performs a gNMI Get operation.

  



    

  
    
      
    
    
      gnmi_set(provider, updates, opts \\ [])



        
          
        

    

  


  

      

          @spec gnmi_set(pid(), [map()], keyword()) :: {:ok, map()} | {:error, term()}


      


Performs a gNMI Set operation.

  



    

  
    
      
    
    
      gnmi_subscribe(provider, paths, opts \\ [])



        
          
        

    

  


  

      

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


      


Performs a gNMI Subscribe operation.

  



    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: %ExUtcp.Transports.Grpc{
  connection_timeout: term(),
  logger: term(),
  max_retries: term(),
  pool_opts: term(),
  retry_config: term(),
  retry_delay: term()
}


      


Creates a new gRPC transport.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

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


      


Starts the gRPC transport GenServer.

  


        

      


  

    
ExUtcp.Transports.Grpc.Connection 
    



      
Manages gRPC connections with pooling and lifecycle management.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        call_tool(pid, tool_name, args, timeout \\ 30000)

      


        Calls a tool via gRPC.



    


    
      
        call_tool_stream(pid, tool_name, args, timeout \\ 30000)

      


        Calls a tool stream via gRPC.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        close(pid)

      


        Closes the gRPC connection.



    


    
      
        get_manual(pid, timeout \\ 30000)

      


        Gets the manual (available tools) from the gRPC service.



    


    
      
        healthy?(pid)

      


        Checks if the connection is healthy.



    


    
      
        start_link(provider, opts \\ [])

      


        Starts a new gRPC connection process.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExUtcp.Transports.Grpc.Connection{
  channel: GRPC.Channel.t(),
  connection_state: :connecting | :connected | :disconnected | :error,
  last_used: DateTime.t(),
  max_retries: non_neg_integer(),
  provider: map(),
  retry_count: non_neg_integer(),
  stub: module()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      call_tool(pid, tool_name, args, timeout \\ 30000)



        
          
        

    

  


  

      

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


      


Calls a tool via gRPC.

  



    

  
    
      
    
    
      call_tool_stream(pid, tool_name, args, timeout \\ 30000)



        
          
        

    

  


  

      

          @spec call_tool_stream(pid(), String.t(), map(), timeout()) ::
  {:ok, [map()]} | {:error, term()}


      


Calls a tool stream via gRPC.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      close(pid)



        
          
        

    

  


  

      

          @spec close(pid()) :: :ok


      


Closes the gRPC connection.

  



    

  
    
      
    
    
      get_manual(pid, timeout \\ 30000)



        
          
        

    

  


  

      

          @spec get_manual(pid(), timeout()) :: {:ok, [map()]} | {:error, term()}


      


Gets the manual (available tools) from the gRPC service.

  



  
    
      
    
    
      healthy?(pid)



        
          
        

    

  


  

      

          @spec healthy?(pid()) :: boolean()


      


Checks if the connection is healthy.

  



    

  
    
      
    
    
      start_link(provider, opts \\ [])



        
          
        

    

  


  

      

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


      


Starts a new gRPC connection process.

  


        

      


  

    
ExUtcp.Transports.Grpc.ConnectionBehaviour behaviour
    



      
Behaviour for gRPC connections to enable mocking in tests.

      


      
        Summary


  
    Callbacks
  


    
      
        call_tool(pid, tool_name, args, opts)

      


    


    
      
        call_tool_stream(pid, tool_name, args, opts)

      


    


    
      
        close(pid)

      


    


    
      
        get_last_used(pid)

      


    


    
      
        start_link(provider)

      


    


    
      
        update_last_used(pid)

      


    





      


      
        Callbacks


        


  
    
      
    
    
      call_tool(pid, tool_name, args, opts)



        
          
        

    

  


  

      

          @callback call_tool(pid(), tool_name :: String.t(), args :: map(), opts :: keyword()) ::
  {:ok, map()} | {:error, term()}


      



  



  
    
      
    
    
      call_tool_stream(pid, tool_name, args, opts)



        
          
        

    

  


  

      

          @callback call_tool_stream(
  pid(),
  tool_name :: String.t(),
  args :: map(),
  opts :: keyword()
) ::
  {:ok, Enumerable.t()} | {:error, term()}


      



  



  
    
      
    
    
      close(pid)



        
          
        

    

  


  

      

          @callback close(pid()) :: :ok | {:error, term()}


      



  



  
    
      
    
    
      get_last_used(pid)



        
          
        

    

  


  

      

          @callback get_last_used(pid()) :: integer()


      



  



  
    
      
    
    
      start_link(provider)



        
          
        

    

  


  

      

          @callback start_link(provider :: map()) :: {:ok, pid()} | {:error, term()}


      



  



  
    
      
    
    
      update_last_used(pid)



        
          
        

    

  


  

      

          @callback update_last_used(pid()) :: :ok


      



  


        

      


  

    
ExUtcp.Transports.Grpc.Gnmi 
    



      
gNMI (gRPC Network Management Interface) specific functionality.
This module provides specialized functions for network management operations
using the gNMI protocol over gRPC.

      


      
        Summary


  
    Functions
  


    
      
        build_path(origin, elements, target \\ "")

      


        Builds a gNMI path from components.



    


    
      
        capabilities(connection_pid, opts \\ [])

      


        Performs a gNMI Capabilities operation to discover supported models.



    


    
      
        get(connection_pid, paths, opts \\ [])

      


        Performs a gNMI Get operation to retrieve configuration or state data.



    


    
      
        parse_path(path)

      


        Parses a gNMI path into components.



    


    
      
        set(connection_pid, updates, opts \\ [])

      


        Performs a gNMI Set operation to modify configuration.



    


    
      
        subscribe(connection_pid, paths, opts \\ [])

      


        Performs a gNMI Subscribe operation for real-time data streaming.



    


    
      
        validate_paths(paths)

      


        Validates gNMI paths for correctness.



    





      


      
        Functions


        


    

  
    
      
    
    
      build_path(origin, elements, target \\ "")



        
          
        

    

  


  

      

          @spec build_path(String.t(), [String.t()], String.t()) :: String.t()


      


Builds a gNMI path from components.

  



    

  
    
      
    
    
      capabilities(connection_pid, opts \\ [])



        
          
        

    

  


  

      

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


      


Performs a gNMI Capabilities operation to discover supported models.

  



    

  
    
      
    
    
      get(connection_pid, paths, opts \\ [])



        
          
        

    

  


  

      

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


      


Performs a gNMI Get operation to retrieve configuration or state data.

  



  
    
      
    
    
      parse_path(path)



        
          
        

    

  


  

      

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


      


Parses a gNMI path into components.

  



    

  
    
      
    
    
      set(connection_pid, updates, opts \\ [])



        
          
        

    

  


  

      

          @spec set(pid(), [map()], keyword()) :: {:ok, map()} | {:error, term()}


      


Performs a gNMI Set operation to modify configuration.

  



    

  
    
      
    
    
      subscribe(connection_pid, paths, opts \\ [])



        
          
        

    

  


  

      

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


      


Performs a gNMI Subscribe operation for real-time data streaming.

  



  
    
      
    
    
      validate_paths(paths)



        
          
        

    

  


  

      

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


      


Validates gNMI paths for correctness.

  


        

      


  

    
ExUtcp.Transports.Grpc.Pool 
    



      
Manages a pool of gRPC connections with lifecycle management.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        close_all_connections()

      


        Closes all connections.



    


    
      
        close_connection(pid)

      


        Closes a specific connection.



    


    
      
        get_connection(provider)

      


        Gets or creates a connection for the given provider.



    


    
      
        return_connection(pid)

      


        Returns a connection to the pool.



    


    
      
        start_link(opts \\ [])

      


        Starts the connection pool.



    


    
      
        stats()

      


        Gets pool statistics.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExUtcp.Transports.Grpc.Pool{
  cleanup_interval: timeout(),
  connection_timeout: timeout(),
  connections: %{required(String.t()) => pid()},
  max_connections: non_neg_integer(),
  max_idle_time: timeout()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      close_all_connections()



        
          
        

    

  


  

      

          @spec close_all_connections() :: :ok


      


Closes all connections.

  



  
    
      
    
    
      close_connection(pid)



        
          
        

    

  


  

      

          @spec close_connection(pid()) :: :ok


      


Closes a specific connection.

  



  
    
      
    
    
      get_connection(provider)



        
          
        

    

  


  

      

          @spec get_connection(map()) :: {:ok, pid()} | {:error, term()}


      


Gets or creates a connection for the given provider.

  



  
    
      
    
    
      return_connection(pid)



        
          
        

    

  


  

      

          @spec return_connection(pid()) :: :ok


      


Returns a connection to the pool.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

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


      


Starts the connection pool.

  



  
    
      
    
    
      stats()



        
          
        

    

  


  

      

          @spec stats() :: map()


      


Gets pool statistics.

  


        

      


  

    
ExUtcp.Transports.Grpc.PoolBehaviour behaviour
    



      
Behaviour for gRPC connection pools to enable mocking in tests.

      


      
        Summary


  
    Callbacks
  


    
      
        close_all_connections()

      


    


    
      
        close_connection(pid)

      


    


    
      
        get_connection(provider)

      


    


    
      
        return_connection(pid)

      


    


    
      
        stats()

      


    





      


      
        Callbacks


        


  
    
      
    
    
      close_all_connections()



        
          
        

    

  


  

      

          @callback close_all_connections() :: :ok


      



  



  
    
      
    
    
      close_connection(pid)



        
          
        

    

  


  

      

          @callback close_connection(pid()) :: :ok


      



  



  
    
      
    
    
      get_connection(provider)



        
          
        

    

  


  

      

          @callback get_connection(provider :: map()) :: {:ok, pid()} | {:error, term()}


      



  



  
    
      
    
    
      return_connection(pid)



        
          
        

    

  


  

      

          @callback return_connection(pid()) :: :ok


      



  



  
    
      
    
    
      stats()



        
          
        

    

  


  

      

          @callback stats() :: map()


      



  


        

      


  

    
ExUtcp.Transports.Http 
    



      
HTTP transport implementation for UTCP.
This transport handles HTTP/HTTPS based tool providers, including REST APIs
and OpenAPI specification discovery.

      


      
        Summary


  
    Functions
  


    
      
        new(opts \\ [])

      


        Creates a new HTTP transport.



    





      


      
        Functions


        


    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: %ExUtcp.Transports.Http{
  http_client: term(),
  logger: term(),
  oauth_tokens: term()
}


      


Creates a new HTTP transport.

  


        

      


  

    
ExUtcp.Transports.Mcp 
    



      
Production-ready MCP (Model Context Protocol) transport implementation for UTCP.
MCP is a protocol for connecting AI assistants to external data sources and tools.
This transport supports JSON-RPC 2.0 communication over HTTP/HTTPS with SSE support.

      


      
        Summary


  
    Functions
  


    
      
        call_tool(tool_name, args, provider)

      


        Calls a tool using the MCP transport.



    


    
      
        call_tool_stream(tool_name, args, provider)

      


        Calls a tool with streaming support using the MCP transport.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        close()

      


        Closes the MCP transport.



    


    
      
        deregister_tool_provider(provider)

      


        Deregisters a tool provider from the MCP transport.



    


    
      
        new(opts \\ [])

      


        Creates a new MCP transport with the given options.



    


    
      
        register_tool_provider(provider)

      


        Registers a tool provider with the MCP transport.



    


    
      
        send_notification(method, params, provider)

      


        Sends a JSON-RPC notification to the MCP server.



    


    
      
        send_request(method, params, provider)

      


        Sends a JSON-RPC request to the MCP server.



    


    
      
        start_link(opts \\ [])

      


        Starts the MCP transport GenServer.



    


    
      
        supports_streaming?()

      


        Returns whether this transport supports streaming.



    


    
      
        transport_name()

      


        Returns the transport name.



    





      


      
        Functions


        


  
    
      
    
    
      call_tool(tool_name, args, provider)



        
          
        

    

  


  

      

          @spec call_tool(String.t(), map(), ExUtcp.Types.mcp_provider()) ::
  ExUtcp.Types.call_result()


      


Calls a tool using the MCP transport.

  



  
    
      
    
    
      call_tool_stream(tool_name, args, provider)



        
          
        

    

  


  

      

          @spec call_tool_stream(String.t(), map(), ExUtcp.Types.mcp_provider()) ::
  ExUtcp.Types.call_result()


      


Calls a tool with streaming support using the MCP transport.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      close()



        
          
        

    

  


  

      

          @spec close() :: :ok


      


Closes the MCP transport.

  



  
    
      
    
    
      deregister_tool_provider(provider)



        
          
        

    

  


  

      

          @spec deregister_tool_provider(ExUtcp.Types.mcp_provider()) ::
  :ok | {:error, String.t()}


      


Deregisters a tool provider from the MCP transport.

  



    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: %ExUtcp.Transports.Mcp{
  connection_timeout: term(),
  logger: term(),
  max_retries: term(),
  pool_opts: term(),
  retry_config: term(),
  retry_delay: term()
}


      


Creates a new MCP transport with the given options.

  



  
    
      
    
    
      register_tool_provider(provider)



        
          
        

    

  


  

      

          @spec register_tool_provider(ExUtcp.Types.mcp_provider()) ::
  :ok | {:error, String.t()}


      


Registers a tool provider with the MCP transport.

  



  
    
      
    
    
      send_notification(method, params, provider)



        
          
        

    

  


  

      

          @spec send_notification(String.t(), map(), ExUtcp.Types.mcp_provider()) ::
  :ok | {:error, String.t()}


      


Sends a JSON-RPC notification to the MCP server.

  



  
    
      
    
    
      send_request(method, params, provider)



        
          
        

    

  


  

      

          @spec send_request(String.t(), map(), ExUtcp.Types.mcp_provider()) ::
  ExUtcp.Types.call_result()


      


Sends a JSON-RPC request to the MCP server.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

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


      


Starts the MCP transport GenServer.

  



  
    
      
    
    
      supports_streaming?()



        
          
        

    

  


  

      

          @spec supports_streaming?() :: boolean()


      


Returns whether this transport supports streaming.

  



  
    
      
    
    
      transport_name()



        
          
        

    

  


  

      

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


      


Returns the transport name.

  


        

      


  

    
ExUtcp.Transports.Mcp.Connection 
    



      
Manages MCP connections with JSON-RPC 2.0 communication.

      


      
        Summary


  
    Functions
  


    
      
        call_tool(pid, tool_name, args, opts \\ [])

      


        Calls a tool using JSON-RPC.



    


    
      
        call_tool_stream(pid, tool_name, args, opts \\ [])

      


        Calls a tool with streaming support.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        close(pid)

      


        Closes the connection.



    


    
      
        get_last_used(pid)

      


        Gets the last used timestamp.



    


    
      
        send_notification(pid, method, params, opts \\ [])

      


        Sends a JSON-RPC notification.



    


    
      
        send_request(pid, method, params, opts \\ [])

      


        Sends a JSON-RPC request.



    


    
      
        start_link(provider, opts \\ [])

      


        Starts a new MCP connection.



    


    
      
        update_last_used(pid)

      


        Updates the last used timestamp.



    





      


      
        Functions


        


    

  
    
      
    
    
      call_tool(pid, tool_name, args, opts \\ [])



        
          
        

    

  


  

      

          @spec call_tool(pid(), String.t(), map(), keyword()) :: ExUtcp.Types.call_result()


      


Calls a tool using JSON-RPC.

  



    

  
    
      
    
    
      call_tool_stream(pid, tool_name, args, opts \\ [])



        
          
        

    

  


  

      

          @spec call_tool_stream(pid(), String.t(), map(), keyword()) ::
  ExUtcp.Types.call_result()


      


Calls a tool with streaming support.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      close(pid)



        
          
        

    

  


  

      

          @spec close(pid()) :: :ok


      


Closes the connection.

  



  
    
      
    
    
      get_last_used(pid)



        
          
        

    

  


  

      

          @spec get_last_used(pid()) :: integer()


      


Gets the last used timestamp.

  



    

  
    
      
    
    
      send_notification(pid, method, params, opts \\ [])



        
          
        

    

  


  

      

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


      


Sends a JSON-RPC notification.

  



    

  
    
      
    
    
      send_request(pid, method, params, opts \\ [])



        
          
        

    

  


  

      

          @spec send_request(pid(), String.t(), map(), keyword()) :: ExUtcp.Types.call_result()


      


Sends a JSON-RPC request.

  



    

  
    
      
    
    
      start_link(provider, opts \\ [])



        
          
        

    

  


  

      

          @spec start_link(
  ExUtcp.Types.mcp_provider(),
  keyword()
) :: GenServer.on_start()


      


Starts a new MCP connection.

  



  
    
      
    
    
      update_last_used(pid)



        
          
        

    

  


  

      

          @spec update_last_used(pid()) :: :ok


      


Updates the last used timestamp.

  


        

      


  

    
ExUtcp.Transports.Mcp.ConnectionBehaviour behaviour
    



      
Behaviour for MCP connections to enable mocking in tests.

      


      
        Summary


  
    Callbacks
  


    
      
        call_tool(pid, tool_name, args, opts)

      


    


    
      
        call_tool_stream(pid, tool_name, args, opts)

      


    


    
      
        close(pid)

      


    


    
      
        get_last_used(pid)

      


    


    
      
        send_notification(pid, method, params, opts)

      


    


    
      
        send_request(pid, method, params, opts)

      


    


    
      
        start_link(provider, opts)

      


    


    
      
        update_last_used(pid)

      


    





      


      
        Callbacks


        


  
    
      
    
    
      call_tool(pid, tool_name, args, opts)



        
          
        

    

  


  

      

          @callback call_tool(pid(), tool_name :: String.t(), args :: map(), opts :: keyword()) ::
  {:ok, map()} | {:error, term()}


      



  



  
    
      
    
    
      call_tool_stream(pid, tool_name, args, opts)



        
          
        

    

  


  

      

          @callback call_tool_stream(
  pid(),
  tool_name :: String.t(),
  args :: map(),
  opts :: keyword()
) ::
  {:ok, Enumerable.t()} | {:error, term()}


      



  



  
    
      
    
    
      close(pid)



        
          
        

    

  


  

      

          @callback close(pid()) :: :ok | {:error, term()}


      



  



  
    
      
    
    
      get_last_used(pid)



        
          
        

    

  


  

      

          @callback get_last_used(pid()) :: integer()


      



  



  
    
      
    
    
      send_notification(pid, method, params, opts)



        
          
        

    

  


  

      

          @callback send_notification(
  pid(),
  method :: String.t(),
  params :: map(),
  opts :: keyword()
) ::
  :ok | {:error, term()}


      



  



  
    
      
    
    
      send_request(pid, method, params, opts)



        
          
        

    

  


  

      

          @callback send_request(pid(), method :: String.t(), params :: map(), opts :: keyword()) ::
  {:ok, map()} | {:error, term()}


      



  



  
    
      
    
    
      start_link(provider, opts)



        
          
        

    

  


  

      

          @callback start_link(provider :: map(), opts :: keyword()) ::
  {:ok, pid()} | {:error, term()}


      



  



  
    
      
    
    
      update_last_used(pid)



        
          
        

    

  


  

      

          @callback update_last_used(pid()) :: :ok


      



  


        

      


  

    
ExUtcp.Transports.Mcp.Message 
    



      
Handles JSON-RPC 2.0 message formatting and parsing for MCP protocol.

      


      
        Summary


  
    Functions
  


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

      


        Builds a JSON-RPC 2.0 error response message.



    


    
      
        build_notification(method, params)

      


        Builds a JSON-RPC 2.0 notification message.



    


    
      
        build_request(method, params, id \\ nil)

      


        Builds a JSON-RPC 2.0 request message.



    


    
      
        build_response(result, id)

      


        Builds a JSON-RPC 2.0 response message.



    


    
      
        extract_error(map)

      


        Extracts error information from an error response.



    


    
      
        extract_id(arg1)

      


        Extracts the request ID from a message.



    


    
      
        extract_method(arg1)

      


        Extracts the method name from a request message.



    


    
      
        extract_result(arg1)

      


        Extracts result from a successful response.



    


    
      
        is_error?(arg1)

      


        Checks if a message is an error response.



    


    
      
        is_notification?(arg1)

      


        Checks if a message is a notification.



    


    
      
        is_request?(arg1)

      


        Checks if a message is a request.



    


    
      
        is_response?(arg1)

      


        Checks if a message is a response.



    


    
      
        parse_response(json_string)

      


        Parses a JSON-RPC 2.0 response.



    


    
      
        validate_message(message)

      


        Validates a JSON-RPC 2.0 message.



    





      


      
        Functions


        


    

    

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



        
          
        

    

  


  

      

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


      


Builds a JSON-RPC 2.0 error response message.

  



  
    
      
    
    
      build_notification(method, params)



        
          
        

    

  


  

      

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


      


Builds a JSON-RPC 2.0 notification message.

  



    

  
    
      
    
    
      build_request(method, params, id \\ nil)



        
          
        

    

  


  

      

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


      


Builds a JSON-RPC 2.0 request message.

  



  
    
      
    
    
      build_response(result, id)



        
          
        

    

  


  

      

          @spec build_response(any(), integer() | nil) :: map()


      


Builds a JSON-RPC 2.0 response message.

  



  
    
      
    
    
      extract_error(map)



        
          
        

    

  


  

      

          @spec extract_error(map()) :: {integer(), String.t(), any()}


      


Extracts error information from an error response.

  



  
    
      
    
    
      extract_id(arg1)



        
          
        

    

  


  

      

          @spec extract_id(map()) :: integer() | nil


      


Extracts the request ID from a message.

  



  
    
      
    
    
      extract_method(arg1)



        
          
        

    

  


  

      

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


      


Extracts the method name from a request message.

  



  
    
      
    
    
      extract_result(arg1)



        
          
        

    

  


  

      

          @spec extract_result(map()) :: any()


      


Extracts result from a successful response.

  



  
    
      
    
    
      is_error?(arg1)



        
          
        

    

  


  

      

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


      


Checks if a message is an error response.

  



  
    
      
    
    
      is_notification?(arg1)



        
          
        

    

  


  

      

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


      


Checks if a message is a notification.

  



  
    
      
    
    
      is_request?(arg1)



        
          
        

    

  


  

      

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


      


Checks if a message is a request.

  



  
    
      
    
    
      is_response?(arg1)



        
          
        

    

  


  

      

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


      


Checks if a message is a response.

  



  
    
      
    
    
      parse_response(json_string)



        
          
        

    

  


  

      

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


      


Parses a JSON-RPC 2.0 response.

  



  
    
      
    
    
      validate_message(message)



        
          
        

    

  


  

      

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


      


Validates a JSON-RPC 2.0 message.

  


        

      


  

    
ExUtcp.Transports.Mcp.Pool 
    



      
Manages a pool of MCP connections for efficient resource usage.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        close_all_connections()

      


        Closes all connections.



    


    
      
        close_connection(pid)

      


        Closes a specific connection.



    


    
      
        get_connection(provider)

      


        Gets a connection for the given provider.



    


    
      
        start_link(opts \\ [])

      


        Starts the MCP connection pool.



    


    
      
        stats()

      


        Gets pool statistics.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      close_all_connections()



        
          
        

    

  


  

      

          @spec close_all_connections() :: :ok


      


Closes all connections.

  



  
    
      
    
    
      close_connection(pid)



        
          
        

    

  


  

      

          @spec close_connection(pid()) :: :ok


      


Closes a specific connection.

  



  
    
      
    
    
      get_connection(provider)



        
          
        

    

  


  

      

          @spec get_connection(ExUtcp.Types.mcp_provider()) ::
  {:ok, pid()} | {:error, String.t()}


      


Gets a connection for the given provider.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

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


      


Starts the MCP connection pool.

  



  
    
      
    
    
      stats()



        
          
        

    

  


  

      

          @spec stats() :: map()


      


Gets pool statistics.

  


        

      


  

    
ExUtcp.Transports.Mcp.PoolBehaviour behaviour
    



      
Behaviour for MCP connection pools to enable mocking in tests.

      


      
        Summary


  
    Callbacks
  


    
      
        close_all_connections()

      


    


    
      
        close_connection(pid)

      


    


    
      
        get_connection(provider)

      


    


    
      
        stats()

      


    





      


      
        Callbacks


        


  
    
      
    
    
      close_all_connections()



        
          
        

    

  


  

      

          @callback close_all_connections() :: :ok


      



  



  
    
      
    
    
      close_connection(pid)



        
          
        

    

  


  

      

          @callback close_connection(pid()) :: :ok


      



  



  
    
      
    
    
      get_connection(provider)



        
          
        

    

  


  

      

          @callback get_connection(provider :: map()) :: {:ok, pid()} | {:error, term()}


      



  



  
    
      
    
    
      stats()



        
          
        

    

  


  

      

          @callback stats() :: map()


      



  


        

      


  

    
ExUtcp.Transports.TcpUdp 
    



      
TCP/UDP Transport implementation for low-level network protocols.
This transport supports both TCP and UDP protocols for direct network communication.
It provides connection management, message serialization, and error handling.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        new(opts \\ [])

      


    


    
      
        start_link(opts \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
ExUtcp.Transports.TcpUdp.Connection 
    



      
Manages individual TCP/UDP connections.
This module handles the low-level network communication for both TCP and UDP protocols.
It provides message serialization, connection management, and error handling.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  


        

      


  

    
ExUtcp.Transports.TcpUdp.ConnectionBehaviour behaviour
    



      
Behaviour for TCP/UDP connections to enable mocking in tests.

      


      
        Summary


  
    Callbacks
  


    
      
        call_tool(conn, tool_name, args, timeout)

      


    


    
      
        call_tool_stream(conn, tool_name, args, timeout)

      


    


    
      
        close(conn)

      


    


    
      
        get_last_used(conn)

      


    


    
      
        start_link(provider)

      


    


    
      
        update_last_used(conn)

      


    





      


      
        Callbacks


        


  
    
      
    
    
      call_tool(conn, tool_name, args, timeout)



        
          
        

    

  


  

      

          @callback call_tool(
  conn :: pid(),
  tool_name :: String.t(),
  args :: map(),
  timeout :: integer()
) ::
  {:ok, any()} | {:error, term()}


      



  



  
    
      
    
    
      call_tool_stream(conn, tool_name, args, timeout)



        
          
        

    

  


  

      

          @callback call_tool_stream(
  conn :: pid(),
  tool_name :: String.t(),
  args :: map(),
  timeout :: integer()
) ::
  {:ok, Enumerable.t()} | {:error, term()}


      



  



  
    
      
    
    
      close(conn)



        
          
        

    

  


  

      

          @callback close(conn :: pid()) :: :ok | {:error, term()}


      



  



  
    
      
    
    
      get_last_used(conn)



        
          
        

    

  


  

      

          @callback get_last_used(conn :: pid()) :: integer()


      



  



  
    
      
    
    
      start_link(provider)



        
          
        

    

  


  

      

          @callback start_link(provider :: map()) :: {:ok, pid()} | {:error, term()}


      



  



  
    
      
    
    
      update_last_used(conn)



        
          
        

    

  


  

      

          @callback update_last_used(conn :: pid()) :: :ok


      



  


        

      


  

    
ExUtcp.Transports.TcpUdp.Pool 
    



      
Manages a pool of TCP/UDP connections.
This module provides connection pooling for TCP/UDP connections to improve
performance and resource management.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  


        

      


  

    
ExUtcp.Transports.TcpUdp.PoolBehaviour behaviour
    



      
Behaviour for TCP/UDP connection pools to enable mocking in tests.

      


      
        Summary


  
    Callbacks
  


    
      
        close_all_connections(pool_pid)

      


    


    
      
        close_connection(pool_pid, conn_pid)

      


    


    
      
        get_connection(pool_pid, provider)

      


    


    
      
        start_link(opts)

      


    


    
      
        stats(pool_pid)

      


    





      


      
        Callbacks


        


  
    
      
    
    
      close_all_connections(pool_pid)



        
          
        

    

  


  

      

          @callback close_all_connections(pool_pid :: pid()) :: :ok | {:error, term()}


      



  



  
    
      
    
    
      close_connection(pool_pid, conn_pid)



        
          
        

    

  


  

      

          @callback close_connection(pool_pid :: pid(), conn_pid :: pid()) :: :ok | {:error, term()}


      



  



  
    
      
    
    
      get_connection(pool_pid, provider)



        
          
        

    

  


  

      

          @callback get_connection(pool_pid :: pid(), provider :: map()) ::
  {:ok, pid()} | {:error, term()}


      



  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      stats(pool_pid)



        
          
        

    

  


  

      

          @callback stats(pool_pid :: pid()) :: map()


      



  


        

      


  

    
ExUtcp.Transports.TcpUdp.Testable 
    



      
Testable module for TCP/UDP transport to enable mocking in tests.
This module provides a way to inject mocks for the TCP/UDP transport components
during testing, allowing for isolated unit tests.

      


      
        Summary


  
    Functions
  


    
      
        clear_mocks()

      


        Clears all mocks.



    


    
      
        create_mock_connection(provider)

      


        Creates a mock connection for testing.



    


    
      
        create_mock_pool(opts \\ [])

      


        Creates a mock pool for testing.



    


    
      
        create_test_tcp_provider(opts \\ [])

      


        Creates a test TCP provider.



    


    
      
        create_test_tool(opts \\ [])

      


        Creates a test tool.



    


    
      
        create_test_udp_provider(opts \\ [])

      


        Creates a test UDP provider.



    


    
      
        get_connection_mock()

      


        Gets the mock module for connections.



    


    
      
        get_pool_mock()

      


        Gets the mock module for pools.



    


    
      
        mock_connection_error(reason)

      


        Mocks a connection error.



    


    
      
        mock_pool_error(reason)

      


        Mocks a pool error.



    


    
      
        mock_tool_call_response(tool_name, args, response)

      


        Mocks a tool call response.



    


    
      
        mock_tool_stream_response(tool_name, args, stream_data)

      


        Mocks a tool stream response.



    


    
      
        set_mocks(connection_behaviour, pool_behaviour)

      


        Sets the mock modules for testing.



    


    
      
        validate_tcp_provider(provider)

      


        Validates a TCP provider configuration.



    


    
      
        validate_udp_provider(provider)

      


        Validates a UDP provider configuration.



    





      


      
        Functions


        


  
    
      
    
    
      clear_mocks()



        
          
        

    

  


  

Clears all mocks.

  



  
    
      
    
    
      create_mock_connection(provider)



        
          
        

    

  


  

Creates a mock connection for testing.

  



    

  
    
      
    
    
      create_mock_pool(opts \\ [])



        
          
        

    

  


  

Creates a mock pool for testing.

  



    

  
    
      
    
    
      create_test_tcp_provider(opts \\ [])



        
          
        

    

  


  

Creates a test TCP provider.

  



    

  
    
      
    
    
      create_test_tool(opts \\ [])



        
          
        

    

  


  

Creates a test tool.

  



    

  
    
      
    
    
      create_test_udp_provider(opts \\ [])



        
          
        

    

  


  

Creates a test UDP provider.

  



  
    
      
    
    
      get_connection_mock()



        
          
        

    

  


  

Gets the mock module for connections.

  



  
    
      
    
    
      get_pool_mock()



        
          
        

    

  


  

Gets the mock module for pools.

  



  
    
      
    
    
      mock_connection_error(reason)



        
          
        

    

  


  

Mocks a connection error.

  



  
    
      
    
    
      mock_pool_error(reason)



        
          
        

    

  


  

Mocks a pool error.

  



  
    
      
    
    
      mock_tool_call_response(tool_name, args, response)



        
          
        

    

  


  

Mocks a tool call response.

  



  
    
      
    
    
      mock_tool_stream_response(tool_name, args, stream_data)



        
          
        

    

  


  

Mocks a tool stream response.

  



  
    
      
    
    
      set_mocks(connection_behaviour, pool_behaviour)



        
          
        

    

  


  

Sets the mock modules for testing.

  



  
    
      
    
    
      validate_tcp_provider(provider)



        
          
        

    

  


  

Validates a TCP provider configuration.

  



  
    
      
    
    
      validate_udp_provider(provider)



        
          
        

    

  


  

Validates a UDP provider configuration.

  


        

      


  

    
ExUtcp.Transports.WebSocket 
    



      
WebSocket transport implementation for UTCP.
This transport handles WebSocket-based tool providers, supporting real-time
bidirectional communication for tool discovery and execution.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        new(opts \\ [])

      


        Creates a new WebSocket transport.



    


    
      
        start_link(opts \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: %ExUtcp.Transports.WebSocket{
  connection_pool: term(),
  connection_timeout: term(),
  logger: term(),
  max_retries: term(),
  retry_config: term(),
  retry_delay: term()
}


      


Creates a new WebSocket transport.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
ExUtcp.Transports.WebSocket.Connection 
    



      
WebSocket connection handler for UTCP transport.
This module handles individual WebSocket connections and implements
the WebSockex behavior for managing WebSocket state and messages.

      


      
        Summary


  
    Functions
  


    
      
        call_tool(pid, tool_name, args, opts \\ [])

      


        Calls a tool through the WebSocket connection.



    


    
      
        call_tool_stream(pid, tool_name, args, opts \\ [])

      


        Calls a tool stream through the WebSocket connection.



    


    
      
        clear_messages(pid)

      


        Clears the message queue.



    


    
      
        close(pid)

      


        Closes the WebSocket connection.



    


    
      
        get_all_messages(pid)

      


        Gets all messages from the message queue.



    


    
      
        get_last_used(pid)

      


        Gets the last used timestamp.



    


    
      
        get_next_message(pid, timeout \\ 5000)

      


        Gets the next message from the message queue.



    


    
      
        handle_call(msg, from, state)

      


    


    
      
        send_message(pid, message)

      


        Sends a message through the WebSocket connection.



    


    
      
        start_link(provider)

      


        Starts a new WebSocket connection.



    


    
      
        start_link(url, provider, opts \\ [])

      


    


    
      
        update_last_used(pid)

      


        Updates the last used timestamp.



    





      


      
        Functions


        


    

  
    
      
    
    
      call_tool(pid, tool_name, args, opts \\ [])



        
          
        

    

  


  

      

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


      


Calls a tool through the WebSocket connection.

  



    

  
    
      
    
    
      call_tool_stream(pid, tool_name, args, opts \\ [])



        
          
        

    

  


  

      

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


      


Calls a tool stream through the WebSocket connection.

  



  
    
      
    
    
      clear_messages(pid)



        
          
        

    

  


  

      

          @spec clear_messages(pid()) :: :ok


      


Clears the message queue.

  



  
    
      
    
    
      close(pid)



        
          
        

    

  


  

      

          @spec close(pid()) :: :ok


      


Closes the WebSocket connection.

  



  
    
      
    
    
      get_all_messages(pid)



        
          
        

    

  


  

      

          @spec get_all_messages(pid()) :: [String.t()]


      


Gets all messages from the message queue.

  



  
    
      
    
    
      get_last_used(pid)



        
          
        

    

  


  

      

          @spec get_last_used(pid()) :: integer()


      


Gets the last used timestamp.

  



    

  
    
      
    
    
      get_next_message(pid, timeout \\ 5000)



        
          
        

    

  


  

      

          @spec get_next_message(pid(), timeout()) :: {:ok, String.t()} | {:error, :timeout}


      


Gets the next message from the message queue.

  



  
    
      
    
    
      handle_call(msg, from, state)



        
          
        

    

  


  


  



  
    
      
    
    
      send_message(pid, message)



        
          
        

    

  


  

      

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


      


Sends a message through the WebSocket connection.

  



  
    
      
    
    
      start_link(provider)



        
          
        

    

  


  

      

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


      


Starts a new WebSocket connection.

  



    

  
    
      
    
    
      start_link(url, provider, opts \\ [])



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      update_last_used(pid)



        
          
        

    

  


  

      

          @spec update_last_used(pid()) :: :ok


      


Updates the last used timestamp.

  


        

      


  

    
ExUtcp.Transports.WebSocket.ConnectionBehaviour behaviour
    



      
Behaviour for WebSocket connections to enable mocking in tests.

      


      
        Summary


  
    Callbacks
  


    
      
        call_tool(pid, tool_name, args, opts)

      


    


    
      
        call_tool_stream(pid, tool_name, args, opts)

      


    


    
      
        close(pid)

      


    


    
      
        get_last_used(pid)

      


    


    
      
        start_link(provider)

      


    


    
      
        update_last_used(pid)

      


    





      


      
        Callbacks


        


  
    
      
    
    
      call_tool(pid, tool_name, args, opts)



        
          
        

    

  


  

      

          @callback call_tool(pid(), tool_name :: String.t(), args :: map(), opts :: keyword()) ::
  {:ok, map()} | {:error, term()}


      



  



  
    
      
    
    
      call_tool_stream(pid, tool_name, args, opts)



        
          
        

    

  


  

      

          @callback call_tool_stream(
  pid(),
  tool_name :: String.t(),
  args :: map(),
  opts :: keyword()
) ::
  {:ok, Enumerable.t()} | {:error, term()}


      



  



  
    
      
    
    
      close(pid)



        
          
        

    

  


  

      

          @callback close(pid()) :: :ok | {:error, term()}


      



  



  
    
      
    
    
      get_last_used(pid)



        
          
        

    

  


  

      

          @callback get_last_used(pid()) :: integer()


      



  



  
    
      
    
    
      start_link(provider)



        
          
        

    

  


  

      

          @callback start_link(provider :: map()) :: {:ok, pid()} | {:error, term()}


      



  



  
    
      
    
    
      update_last_used(pid)



        
          
        

    

  


  

      

          @callback update_last_used(pid()) :: :ok


      



  


        

      


  

    
ExUtcp.Transports.WebSocket.ConnectionMock 
    



      
Mock implementation for WebSocket connections in tests.

      


      
        Summary


  
    Functions
  


    
      
        call_tool(pid, tool_name, args, opts \\ [])

      


        Callback implementation for ExUtcp.Transports.WebSocket.ConnectionBehaviour.call_tool/4.



    


    
      
        call_tool_stream(pid, tool_name, args, opts \\ [])

      


        Callback implementation for ExUtcp.Transports.WebSocket.ConnectionBehaviour.call_tool_stream/4.



    


    
      
        close(pid)

      


        Callback implementation for ExUtcp.Transports.WebSocket.ConnectionBehaviour.close/1.



    


    
      
        get_last_used(pid)

      


        Callback implementation for ExUtcp.Transports.WebSocket.ConnectionBehaviour.get_last_used/1.



    


    
      
        start_link(provider)

      


        Callback implementation for ExUtcp.Transports.WebSocket.ConnectionBehaviour.start_link/1.



    


    
      
        update_last_used(pid)

      


        Callback implementation for ExUtcp.Transports.WebSocket.ConnectionBehaviour.update_last_used/1.



    





      


      
        Functions


        


    

  
    
      
    
    
      call_tool(pid, tool_name, args, opts \\ [])



        
          
        

    

  


  

Callback implementation for ExUtcp.Transports.WebSocket.ConnectionBehaviour.call_tool/4.

  



    

  
    
      
    
    
      call_tool_stream(pid, tool_name, args, opts \\ [])



        
          
        

    

  


  

Callback implementation for ExUtcp.Transports.WebSocket.ConnectionBehaviour.call_tool_stream/4.

  



  
    
      
    
    
      close(pid)



        
          
        

    

  


  

Callback implementation for ExUtcp.Transports.WebSocket.ConnectionBehaviour.close/1.

  



  
    
      
    
    
      get_last_used(pid)



        
          
        

    

  


  

Callback implementation for ExUtcp.Transports.WebSocket.ConnectionBehaviour.get_last_used/1.

  



  
    
      
    
    
      start_link(provider)



        
          
        

    

  


  

Callback implementation for ExUtcp.Transports.WebSocket.ConnectionBehaviour.start_link/1.

  



  
    
      
    
    
      update_last_used(pid)



        
          
        

    

  


  

Callback implementation for ExUtcp.Transports.WebSocket.ConnectionBehaviour.update_last_used/1.

  


        

      


  

    
ExUtcp.Transports.WebSocket.Testable 
    



      
Testable version of WebSocket transport that can use mocks.

      


      
        Summary


  
    Functions
  


    
      
        call_tool(transport, tool_name, args, provider)

      


    


    
      
        call_tool_stream(transport, tool_name, args, provider)

      


    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        close(transport)

      


    


    
      
        deregister_tool_provider(transport, provider)

      


    


    
      
        get_next_message(transport, provider)

      


    


    
      
        new(opts \\ [])

      


        Creates a new testable WebSocket transport.



    


    
      
        register_tool_provider(transport, provider)

      


    


    
      
        send_message(transport, message, provider)

      


    


    
      
        start_link(opts \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      call_tool(transport, tool_name, args, provider)



        
          
        

    

  


  


  



  
    
      
    
    
      call_tool_stream(transport, tool_name, args, provider)



        
          
        

    

  


  


  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      close(transport)



        
          
        

    

  


  


  



  
    
      
    
    
      deregister_tool_provider(transport, provider)



        
          
        

    

  


  


  



  
    
      
    
    
      get_next_message(transport, provider)



        
          
        

    

  


  


  



    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: %ExUtcp.Transports.WebSocket.Testable{
  connection_module: term(),
  connection_pool: term(),
  connection_timeout: term(),
  genserver_module: term(),
  logger: term(),
  max_retries: term(),
  retry_config: term(),
  retry_delay: term()
}


      


Creates a new testable WebSocket transport.

  



  
    
      
    
    
      register_tool_provider(transport, provider)



        
          
        

    

  


  


  



  
    
      
    
    
      send_message(transport, message, provider)



        
          
        

    

  


  


  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
ExUtcp.Types 
    



      
Core types and data structures for the UTCP protocol.

      


      
        Summary


  
    Types
  


    
      
        api_key_auth()

      


    


    
      
        auth()

      


    


    
      
        basic_auth()

      


    


    
      
        call_result()

      


    


    
      
        cli_provider()

      


    


    
      
        client_config()

      


    


    
      
        deregister_result()

      


    


    
      
        graphql_provider()

      


    


    
      
        grpc_provider()

      


    


    
      
        http_provider()

      


    


    
      
        manual()

      


    


    
      
        mcp_provider()

      


    


    
      
        oauth2_auth()

      


    


    
      
        provider()

      


    


    
      
        provider_type()

      


    


    
      
        register_result()

      


    


    
      
        search_result()

      


    


    
      
        sse_provider()

      


    


    
      
        stream_call_result()

      


    


    
      
        stream_chunk()

      


    


    
      
        stream_end()

      


    


    
      
        stream_error()

      


    


    
      
        stream_event()

      


    


    
      
        stream_result()

      


    


    
      
        streamable_http_provider()

      


    


    
      
        tcp_provider()

      


    


    
      
        text_provider()

      


    


    
      
        tool()

      


    


    
      
        tool_input_output_schema()

      


    


    
      
        tool_repository()

      


    


    
      
        transport()

      


    


    
      
        udp_provider()

      


    


    
      
        variable_not_found()

      


    


    
      
        webrtc_provider()

      


    


    
      
        websocket_provider()

      


    





      


      
        Types


        


  
    
      
    
    
      api_key_auth()



        
          
        

    

  


  

      

          @type api_key_auth() :: %{
  type: String.t(),
  api_key: String.t(),
  location: String.t(),
  var_name: String.t()
}


      



  



  
    
      
    
    
      auth()



        
          
        

    

  


  

      

          @type auth() :: %{type: String.t(), __struct__: module()}


      



  



  
    
      
    
    
      basic_auth()



        
          
        

    

  


  

      

          @type basic_auth() :: %{type: String.t(), username: String.t(), password: String.t()}


      



  



  
    
      
    
    
      call_result()



        
          
        

    

  


  

      

          @type call_result() :: {:ok, any()} | {:error, any()}


      



  



  
    
      
    
    
      cli_provider()



        
          
        

    

  


  

      

          @type cli_provider() :: %{
  name: String.t(),
  type: :cli,
  command_name: String.t(),
  working_dir: String.t() | nil,
  env_vars: %{required(String.t()) => String.t()}
}


      



  



  
    
      
    
    
      client_config()



        
          
        

    

  


  

      

          @type client_config() :: %{
  variables: %{required(String.t()) => String.t()},
  providers_file_path: String.t() | nil,
  load_variables_from: [module()]
}


      



  



  
    
      
    
    
      deregister_result()



        
          
        

    

  


  

      

          @type deregister_result() :: :ok | {:error, any()}


      



  



  
    
      
    
    
      graphql_provider()



        
          
        

    

  


  

      

          @type graphql_provider() :: %{
  name: String.t(),
  type: :graphql,
  url: String.t(),
  auth: auth() | nil,
  headers: %{required(String.t()) => String.t()}
}


      



  



  
    
      
    
    
      grpc_provider()



        
          
        

    

  


  

      

          @type grpc_provider() :: %{
  name: String.t(),
  type: :grpc,
  host: String.t(),
  port: integer(),
  service_name: String.t(),
  method_name: String.t(),
  target: String.t() | nil,
  use_ssl: boolean(),
  auth: auth() | nil
}


      



  



  
    
      
    
    
      http_provider()



        
          
        

    

  


  

      

          @type http_provider() :: %{
  name: String.t(),
  type: :http,
  http_method: String.t(),
  url: String.t(),
  content_type: String.t(),
  auth: auth() | nil,
  headers: %{required(String.t()) => String.t()},
  body_field: String.t() | nil,
  header_fields: [String.t()]
}


      



  



  
    
      
    
    
      manual()



        
          
        

    

  


  

      

          @type manual() :: %{name: String.t(), description: String.t(), tools: [tool()]}


      



  



  
    
      
    
    
      mcp_provider()



        
          
        

    

  


  

      

          @type mcp_provider() :: %{
  name: String.t(),
  type: :mcp,
  url: String.t(),
  auth: auth() | nil
}


      



  



  
    
      
    
    
      oauth2_auth()



        
          
        

    

  


  

      

          @type oauth2_auth() :: %{
  type: String.t(),
  client_id: String.t(),
  client_secret: String.t(),
  token_url: String.t(),
  scope: String.t()
}


      



  



  
    
      
    
    
      provider()



        
          
        

    

  


  

      

          @type provider() :: %{name: String.t(), type: provider_type(), __struct__: module()}


      



  



  
    
      
    
    
      provider_type()



        
          
        

    

  


  

      

          @type provider_type() ::
  :http
  | :sse
  | :http_stream
  | :cli
  | :websocket
  | :grpc
  | :graphql
  | :tcp
  | :udp
  | :webrtc
  | :mcp
  | :text


      



  



  
    
      
    
    
      register_result()



        
          
        

    

  


  

      

          @type register_result() :: {:ok, [tool()]} | {:error, any()}


      



  



  
    
      
    
    
      search_result()



        
          
        

    

  


  

      

          @type search_result() :: {:ok, [tool()]} | {:error, any()}


      



  



  
    
      
    
    
      sse_provider()



        
          
        

    

  


  

      

          @type sse_provider() :: %{
  name: String.t(),
  type: :sse,
  url: String.t(),
  auth: auth() | nil,
  headers: %{required(String.t()) => String.t()}
}


      



  



  
    
      
    
    
      stream_call_result()



        
          
        

    

  


  

      

          @type stream_call_result() :: {:ok, stream_result()} | {:error, any()}


      



  



  
    
      
    
    
      stream_chunk()



        
          
        

    

  


  

      

          @type stream_chunk() :: %{
  data: any(),
  metadata: %{required(String.t()) => any()} | nil,
  timestamp: integer() | nil,
  sequence: integer() | nil
}


      



  



  
    
      
    
    
      stream_end()



        
          
        

    

  


  

      

          @type stream_end() :: %{type: :end, metadata: %{required(String.t()) => any()} | nil}


      



  



  
    
      
    
    
      stream_error()



        
          
        

    

  


  

      

          @type stream_error() :: %{
  type: :error,
  error: String.t(),
  code: integer() | nil,
  metadata: %{required(String.t()) => any()} | nil
}


      



  



  
    
      
    
    
      stream_event()



        
          
        

    

  


  

      

          @type stream_event() :: stream_chunk() | stream_error() | stream_end()


      



  



  
    
      
    
    
      stream_result()



        
          
        

    

  


  

      

          @type stream_result() :: %{
  type: :stream,
  data: [stream_chunk()] | Enumerable.t(),
  metadata: %{required(String.t()) => any()} | nil
}


      



  



  
    
      
    
    
      streamable_http_provider()



        
          
        

    

  


  

      

          @type streamable_http_provider() :: %{
  name: String.t(),
  type: :http_stream,
  url: String.t(),
  auth: auth() | nil,
  headers: %{required(String.t()) => String.t()}
}


      



  



  
    
      
    
    
      tcp_provider()



        
          
        

    

  


  

      

          @type tcp_provider() :: %{
  name: String.t(),
  type: :tcp,
  protocol: :tcp,
  host: String.t(),
  port: integer(),
  timeout: integer(),
  auth: auth() | nil
}


      



  



  
    
      
    
    
      text_provider()



        
          
        

    

  


  

      

          @type text_provider() :: %{name: String.t(), type: :text, file_path: String.t()}


      



  



  
    
      
    
    
      tool()



        
          
        

    

  


  

      

          @type tool() :: %{
  name: String.t(),
  description: String.t(),
  inputs: tool_input_output_schema(),
  outputs: tool_input_output_schema(),
  tags: [String.t()],
  average_response_size: integer() | nil,
  provider: provider()
}


      



  



  
    
      
    
    
      tool_input_output_schema()



        
          
        

    

  


  

      

          @type tool_input_output_schema() :: %{
  type: String.t(),
  properties: %{required(String.t()) => any()},
  required: [String.t()],
  description: String.t(),
  title: String.t(),
  items: %{required(String.t()) => any()},
  enum: [any()],
  minimum: float() | nil,
  maximum: float() | nil,
  format: String.t()
}


      



  



  
    
      
    
    
      tool_repository()



        
          
        

    

  


  

      

          @type tool_repository() :: %{
  tools: %{required(String.t()) => [tool()]},
  providers: %{required(String.t()) => provider()}
}


      



  



  
    
      
    
    
      transport()



        
          
        

    

  


  

      

          @type transport() :: module()


      



  



  
    
      
    
    
      udp_provider()



        
          
        

    

  


  

      

          @type udp_provider() :: %{
  name: String.t(),
  type: :udp,
  protocol: :udp,
  host: String.t(),
  port: integer(),
  timeout: integer(),
  auth: auth() | nil
}


      



  



  
    
      
    
    
      variable_not_found()



        
          
        

    

  


  

      

          @type variable_not_found() :: %{__exception__: true, variable_name: String.t()}


      



  



  
    
      
    
    
      webrtc_provider()



        
          
        

    

  


  

      

          @type webrtc_provider() :: %{
  name: String.t(),
  type: :webrtc,
  url: String.t(),
  auth: auth() | nil
}


      



  



  
    
      
    
    
      websocket_provider()



        
          
        

    

  


  

      

          @type websocket_provider() :: %{
  name: String.t(),
  type: :websocket,
  url: String.t(),
  protocol: String.t() | nil,
  keep_alive: boolean(),
  auth: auth() | nil,
  headers: %{required(String.t()) => String.t()},
  header_fields: [String.t()]
}
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