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PacketFlow ADT Substrate: Intent-Context-Capability oriented algebraic data types
with reactors and effect system integration.
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PacketFlow Actor Substrate: Distributed actor orchestration with lifecycle management,
supervision strategies, and cross-node capability propagation.
This substrate provides:
	Distributed actor creation and lifecycle management
	Actor supervision and fault tolerance
	Message routing and load balancing
	Actor clustering and discovery
	Cross-node capability propagation
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PacketFlow Application: Main application supervisor for the PacketFlow system.
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Dynamic capability management and validation for PacketFlow.
This module provides runtime capability creation, dynamic capability validation,
capability composition patterns, capability delegation, and capability revocation.
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Creates multiple capabilities at runtime.
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iex> create_capabilities([:read, :write], "/path/to/file")
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iex> create_capability(:read, "/path/to/file")
{:read, "/path/to/file"}
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Examples
iex> create_inheritance_hierarchy([{:admin, "/file"}, {:read, "/file"}, {:write, "/file"}])
%{
  {:admin, "/file"} => [{:read, "/file"}, {:write, "/file"}],
  {:write, "/file"} => [{:read, "/file"}]
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iex> create_temporal_capability({:read, "/file"}, ~U[2023-01-01 12:00:00Z], ~U[2023-01-02 12:00:00Z])
{:temporal, {:read, "/file"}, ~U[2023-01-01 12:00:00Z], ~U[2023-01-02 12:00:00Z]}
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Filters capabilities based on a predicate function.
Examples
iex> filter_capabilities([{:read, "/file"}, {:write, "/file"}], fn {op, _} -> op == :read end)
[{:read, "/file"}]
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Gets all capabilities that are implied by a given capability.
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[{:read, "/file"}, {:write, "/file"}, {:delete, "/file"}]
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iex> inherits_from?({:admin, "/file"}, {:read, "/file"}, %{{:admin, "/file"} => [{:read, "/file"}]})
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Merges multiple capability sets into a single set.
Examples
iex> merge_capability_sets([MapSet.new([{:read, "/file"}]), MapSet.new([{:write, "/file"}])])
#MapSet<[{:read, "/file"}, {:write, "/file"}]>
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iex> revoke_capabilities([{:read, "/file"}, {:write, "/file"}], "user1")
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Examples
iex> revoke_capability({:read, "/file"}, "user1")
{:revoked, {:read, "/file"}, "user1"}
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Examples
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Validates a temporal capability at a specific time.
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Plugin system for capability extensions in PacketFlow.
This module provides a framework for creating custom capability types,
custom validation logic, custom composition patterns, custom delegation logic,
and custom revocation patterns.
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        register_plugin(plugin_module, config \\ %{})

      


        Registers a capability plugin with the system.



    


    
      
        shutdown_plugin(plugin_module)

      


        Shuts down a capability plugin.



    


    
      
        unregister_plugin(plugin_module)

      


        Unregisters a capability plugin from the system.



    


    
      
        update_plugin_config(plugin_module, new_config)

      


        Updates the configuration for a capability plugin.



    


    
      
        validate_custom_capability(capability, plugins)

      


        Validates a custom capability using registered plugins.



    





      


      
        Types

        


  
    
      
    
    
      capability()



    

  


  

      

          @type capability() :: any()


      



  



  
    
      
    
    
      capability_plugin()



    

  


  

      

          @type capability_plugin() :: module()


      



  



  
    
      
    
    
      capability_set()



    

  


  

      

          @type capability_set() :: MapSet.t(capability())


      



  



  
    
      
    
    
      plugin_config()



    

  


  

      

          @type plugin_config() :: map()


      



  


        

      

      
        Functions

        


  
    
      
    
    
      add_custom_composition(plugin_module, composition_function)



    

  


  

      

          @spec add_custom_composition(
  capability_plugin(),
  ([capability()] -> capability_set())
) :: :ok


      


Adds custom composition logic to a capability plugin.
Examples
iex> add_custom_composition(MyPlugin, fn capabilities -> compose_my_way(capabilities) end)
:ok

  



  
    
      
    
    
      add_custom_delegation(plugin_module, delegation_function)



    

  


  

      

          @spec add_custom_delegation(
  capability_plugin(),
  (capability(), any(), any() -> any())
) :: :ok


      


Adds custom delegation logic to a capability plugin.
Examples
iex> add_custom_delegation(MyPlugin, fn capability, from, to -> delegate_my_way(capability, from, to) end)
:ok

  



  
    
      
    
    
      add_custom_revocation(plugin_module, revocation_function)



    

  


  

      

          @spec add_custom_revocation(capability_plugin(), (capability(), any() -> any())) ::
  :ok


      


Adds custom revocation logic to a capability plugin.
Examples
iex> add_custom_revocation(MyPlugin, fn capability, entity -> revoke_my_way(capability, entity) end)
:ok

  



  
    
      
    
    
      add_custom_validation(plugin_module, validation_function)



    

  


  

      

          @spec add_custom_validation(capability_plugin(), (capability() -> boolean())) :: :ok


      


Adds custom validation logic to a capability plugin.
Examples
iex> add_custom_validation(MyPlugin, fn capability -> validate_my_logic(capability) end)
:ok

  



  
    
      
    
    
      check_plugin_compatibility(plugin_module)



    

  


  

      

          @spec check_plugin_compatibility(capability_plugin()) :: boolean()


      


Checks if a capability plugin is compatible with the current system.
Examples
iex> check_plugin_compatibility(MyPlugin)
true

  



  
    
      
    
    
      check_plugin_health(plugin_module)



    

  


  

      

          @spec check_plugin_health(capability_plugin()) :: :healthy | :unhealthy | :unknown


      


Checks the health of a capability plugin.
Examples
iex> check_plugin_health(MyPlugin)
:healthy

  



  
    
      
    
    
      create_custom_capability_type(name, operations)



    

  


  

      

          @spec create_custom_capability_type(atom(), [atom()]) :: :ok


      


Creates a custom capability type with the given name and operations.
Examples
iex> create_custom_capability_type(:FileSystemCap, [:read, :write, :delete])
:ok

  



  
    
      
    
    
      discover_plugins(directory)



    

  


  

      

          @spec discover_plugins(String.t()) :: [capability_plugin()]


      


Discovers capability plugins in the given directory.
Examples
iex> discover_plugins("lib/packetflow/capability/plugins")
[MyPlugin, AnotherPlugin]

  



  
    
      
    
    
      execute_custom_composition(capabilities, plugin_module)



    

  


  

      

          @spec execute_custom_composition([capability()], capability_plugin()) ::
  capability_set()


      


Executes custom composition logic for capabilities.
Examples
iex> execute_custom_composition([{:read, "/file"}, {:write, "/file"}], MyPlugin)
#MapSet<[{:read, "/file"}, {:write, "/file"}]>

  



  
    
      
    
    
      execute_custom_delegation(capability, from_entity, to_entity, plugin_module)



    

  


  

      

          @spec execute_custom_delegation(capability(), any(), any(), capability_plugin()) ::
  any()


      


Executes custom delegation logic for a capability.
Examples
iex> execute_custom_delegation({:read, "/file"}, "user1", "user2", MyPlugin)
{:delegated, {:read, "/file"}, "user1", "user2"}

  



  
    
      
    
    
      execute_custom_revocation(capability, entity, plugin_module)



    

  


  

      

          @spec execute_custom_revocation(capability(), any(), capability_plugin()) :: any()


      


Executes custom revocation logic for a capability.
Examples
iex> execute_custom_revocation({:read, "/file"}, "user1", MyPlugin)
{:revoked, {:read, "/file"}, "user1"}

  



  
    
      
    
    
      execute_custom_validation(capability, plugin_module)



    

  


  

      

          @spec execute_custom_validation(capability(), capability_plugin()) :: boolean()


      


Executes custom validation logic for a capability.
Examples
iex> execute_custom_validation({:custom_read, "/file"}, MyPlugin)
true

  



  
    
      
    
    
      get_plugin_config(plugin_module)



    

  


  

      

          @spec get_plugin_config(capability_plugin()) :: plugin_config() | nil


      


Gets the configuration for a capability plugin.
Examples
iex> get_plugin_config(MyPlugin)
%{enabled: true, config: %{}}

  



  
    
      
    
    
      get_plugin_stats(plugin_module)



    

  


  

      

          @spec get_plugin_stats(capability_plugin()) :: map() | nil


      


Gets statistics for a capability plugin.
Examples
iex> get_plugin_stats(MyPlugin)
%{validations: 100, delegations: 50, revocations: 10}

  



  
    
      
    
    
      get_plugin_version(plugin_module)



    

  


  

      

          @spec get_plugin_version(capability_plugin()) :: String.t() | nil


      


Gets the version of a capability plugin.
Examples
iex> get_plugin_version(MyPlugin)
"1.0.0"

  



  
    
      
    
    
      initialize_plugin(plugin_module, config)



    

  


  

      

          @spec initialize_plugin(capability_plugin(), plugin_config()) ::
  :ok | {:error, term()}


      


Initializes a capability plugin with the given configuration.
Examples
iex> initialize_plugin(MyPlugin, %{enabled: true, config: %{}})
:ok

  



  
    
      
    
    
      list_plugins()



    

  


  

      

          @spec list_plugins() :: [capability_plugin()]


      


Lists all registered capability plugins.
Examples
iex> list_plugins()
[MyCustomCapabilityPlugin, AnotherCapabilityPlugin]

  



  
    
      
    
    
      load_plugin(file_path)



    

  


  

      

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


      


Loads a capability plugin from a file.
Examples
iex> load_plugin("lib/packetflow/capability/plugins/my_plugin.ex")
{:ok, MyPlugin}

  



    

  
    
      
    
    
      register_plugin(plugin_module, config \\ %{})



    

  


  

      

          @spec register_plugin(capability_plugin(), plugin_config()) :: :ok | {:error, term()}


      


Registers a capability plugin with the system.
Examples
iex> register_plugin(MyCustomCapabilityPlugin, %{enabled: true})
:ok

  



  
    
      
    
    
      shutdown_plugin(plugin_module)



    

  


  

      

          @spec shutdown_plugin(capability_plugin()) :: :ok | {:error, term()}


      


Shuts down a capability plugin.
Examples
iex> shutdown_plugin(MyPlugin)
:ok

  



  
    
      
    
    
      unregister_plugin(plugin_module)



    

  


  

      

          @spec unregister_plugin(capability_plugin()) :: :ok | {:error, term()}


      


Unregisters a capability plugin from the system.
Examples
iex> unregister_plugin(MyCustomCapabilityPlugin)
:ok

  



  
    
      
    
    
      update_plugin_config(plugin_module, new_config)



    

  


  

      

          @spec update_plugin_config(capability_plugin(), plugin_config()) :: :ok


      


Updates the configuration for a capability plugin.
Examples
iex> update_plugin_config(MyPlugin, %{enabled: false})
:ok

  



  
    
      
    
    
      validate_custom_capability(capability, plugins)



    

  


  

      

          @spec validate_custom_capability(capability(), [capability_plugin()]) :: boolean()


      


Validates a custom capability using registered plugins.
Examples
iex> validate_custom_capability({:custom_read, "/file"}, [MyCustomPlugin])
true
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PacketFlow.Component 
    



      
Component lifecycle management for PacketFlow
This module provides:
	Component initialization
	Component state management
	Component dependency injection
	Component cleanup
	Component health monitoring


      


      
        Summary


  
    Types
  


    
      
        component_config()

      


    


    
      
        component_id()

      


    


    
      
        component_info()

      


    


    
      
        component_state()

      


    





  
    Functions
  


    
      
        add_component_dependency(id, dependency_id)

      


        Add component dependency



    


    
      
        check_component_health(id)

      


        Check component health



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        get_component_health(id)

      


        Get component health



    


    
      
        get_component_info(id)

      


        Get component information



    


    
      
        init(opts)

      


        Callback implementation for GenServer.init/1.



    


    
      
        list_components()

      


        List all components



    


    
      
        register_component(id, module, config \\ %{})

      


        Register a component



    


    
      
        remove_component_dependency(id, dependency_id)

      


        Remove component dependency



    


    
      
        start_link(opts \\ [])

      


    


    
      
        unregister_component(id)

      


        Unregister a component



    


    
      
        unwatch_component(id, pid)

      


        Unwatch component lifecycle events



    


    
      
        update_component_config(id, config)

      


        Update component configuration



    


    
      
        update_component_state(id, state)

      


        Update component state



    


    
      
        watch_component(id, pid)

      


        Watch component lifecycle events



    





      


      
        Types

        


  
    
      
    
    
      component_config()



    

  


  

      

          @type component_config() :: map()


      



  



  
    
      
    
    
      component_id()



    

  


  

      

          @type component_id() :: atom()


      



  



  
    
      
    
    
      component_info()



    

  


  

      

          @type component_info() :: %{
  id: component_id(),
  module: module(),
  state: component_state(),
  config: component_config(),
  dependencies: [component_id()],
  health: :healthy | :unhealthy | :degraded,
  last_heartbeat: integer()
}


      



  



  
    
      
    
    
      component_state()



    

  


  

      

          @type component_state() :: map()


      



  


        

      

      
        Functions

        


  
    
      
    
    
      add_component_dependency(id, dependency_id)



    

  


  

      

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


      


Add component dependency

  



  
    
      
    
    
      check_component_health(id)



    

  


  

      

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


      


Check component health

  



  
    
      
    
    
      child_spec(init_arg)



    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.
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          @spec get_component_health(component_id()) :: :healthy | :unhealthy | :degraded | nil


      


Get component health

  



  
    
      
    
    
      get_component_info(id)



    

  


  

      

          @spec get_component_info(component_id()) :: component_info() | nil


      


Get component information

  



  
    
      
    
    
      init(opts)



    

  


  

Callback implementation for GenServer.init/1.

  



  
    
      
    
    
      list_components()



    

  


  

      

          @spec list_components() :: [component_id()]


      


List all components

  



    

  
    
      
    
    
      register_component(id, module, config \\ %{})



    

  


  

      

          @spec register_component(component_id(), module(), component_config()) ::
  {:ok, component_info()} | {:error, String.t()}


      


Register a component

  



  
    
      
    
    
      remove_component_dependency(id, dependency_id)



    

  


  

      

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


      


Remove component dependency

  



    

  
    
      
    
    
      start_link(opts \\ [])



    

  


  


  



  
    
      
    
    
      unregister_component(id)



    

  


  

      

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


      


Unregister a component

  



  
    
      
    
    
      unwatch_component(id, pid)



    

  


  

      

          @spec unwatch_component(component_id(), pid()) :: :ok


      


Unwatch component lifecycle events

  



  
    
      
    
    
      update_component_config(id, config)



    

  


  

      

          @spec update_component_config(component_id(), component_config()) ::
  :ok | {:error, String.t()}


      


Update component configuration

  



  
    
      
    
    
      update_component_state(id, state)



    

  


  

      

          @spec update_component_state(component_id(), component_state()) ::
  :ok | {:error, String.t()}


      


Update component state

  



  
    
      
    
    
      watch_component(id, pid)



    

  


  

      

          @spec watch_component(component_id(), pid()) :: :ok


      


Watch component lifecycle events

  


        

      


  

    
PacketFlow.Component.Communication 
    



      
Component communication protocols for inter-component messaging
This module provides:
	Message routing between components
	Protocol definitions for different message types
	Message validation and transformation
	Asynchronous and synchronous communication patterns
	Message queuing and buffering
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    Functions
  


    
      
        broadcast_message(targets, payload, opts \\ [])

      


        Broadcast a message to multiple components



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        get_pending_requests()

      


        Get pending requests for debugging



    


    
      
        get_statistics()

      


        Get communication statistics



    


    
      
        init(opts)

      


        Callback implementation for GenServer.init/1.



    


    
      
        register_message_handler(component, handler_module)

      


        Register a message handler for a component



    


    
      
        register_protocol(protocol)

      


        Register a communication protocol



    


    
      
        send_message(to, payload, opts \\ [])

      


        Send a message to a component



    


    
      
        send_request(to, payload, opts \\ [])

      


        Send a synchronous request to a component



    


    
      
        start_link(opts \\ [])

      


    


    
      
        subscribe(from_component, to_component)

      


        Subscribe to messages from a component
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        Unsubscribe from messages from a component



    





      


      
        Types

        


  
    
      
    
    
      communication_protocol()



    

  


  

      

          @type communication_protocol() :: %{
  name: atom(),
  version: String.t(),
  message_types: [message_type()],
  validation_rules: map(),
  transformation_rules: map()
}


      



  



  
    
      
    
    
      component_message()



    

  


  

      

          @type component_message() :: %{
  id: message_id(),
  type: message_type(),
  from: atom(),
  to: atom() | [atom()],
  payload: term(),
  priority: message_priority(),
  timestamp: integer(),
  timeout: integer() | nil,
  reply_to: pid() | nil,
  metadata: map()
}


      



  



  
    
      
    
    
      message_id()



    

  


  

      

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


      



  



  
    
      
    
    
      message_priority()



    

  


  

      

          @type message_priority() :: :low | :normal | :high | :urgent


      



  



  
    
      
    
    
      message_type()



    

  


  

      

          @type message_type() :: :request | :response | :notification | :broadcast | :event


      



  


        

      

      
        Functions

        


    

  
    
      
    
    
      broadcast_message(targets, payload, opts \\ [])



    

  


  

      

          @spec broadcast_message(
  [atom()],
  term(),
  keyword()
) :: :ok | {:error, term()}


      


Broadcast a message to multiple components
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Returns a specification to start this module under a supervisor.
See Supervisor.
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          @spec get_pending_requests() :: map()


      


Get pending requests for debugging
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Get communication statistics
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          @spec register_message_handler(atom(), module()) :: :ok | {:error, term()}


      


Register a message handler for a component
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          @spec register_protocol(communication_protocol()) :: :ok | {:error, term()}


      


Register a communication protocol
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          @spec send_message(atom(), term(), keyword()) :: :ok | {:error, term()}


      


Send a message to a component
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Send a synchronous request to a component
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          @spec subscribe(atom(), atom()) :: :ok | {:error, term()}


      


Subscribe to messages from a component
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          @spec unsubscribe(atom(), atom()) :: :ok | {:error, term()}


      


Unsubscribe from messages from a component
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Component configuration interfaces for dynamic configuration
This module provides:
	Dynamic configuration management
	Configuration validation and schema definitions
	Runtime configuration updates
	Configuration templates and profiles
	Configuration versioning and rollback
	Environment-specific configurations
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        Apply a configuration template to a component



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        create_config_template(name, description, config, schema, environments \\ [:dev, :test, :prod])

      


        Create a configuration template
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        Export configuration to file
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        Get configuration for a component
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        Get configuration history for a component
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        Get configuration schema for a component



    


    
      
        get_config_value(component_id, key)

      


        Get a specific configuration value



    


    
      
        import_config(component_id, file_path)

      


        Import configuration from file
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        Callback implementation for GenServer.init/1.
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        Register a component configuration with schema
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        Rollback to a previous configuration version
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        Unregister a component configuration



    


    
      
        unwatch_config(component_id, watcher_pid)

      


        Unwatch configuration changes
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        Update configuration for a component
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        Update configuration schema for a component
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        Update a specific configuration value
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        Validate configuration against schema
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        Watch configuration changes for a component
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          @type component_config() :: %{
  component_id: atom(),
  config: map(),
  schema: %{required(config_key()) => config_schema()},
  version: String.t(),
  environment: atom(),
  last_updated: integer(),
  metadata: map()
}
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          @type config_key() :: atom() | String.t() | [atom() | String.t()]
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          @type config_schema() :: %{
  type: :string | :integer | :float | :boolean | :list | :map | :atom,
  required: boolean(),
  default: config_value(),
  validator: function() | nil,
  description: String.t()
}
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          @type config_template() :: %{
  name: String.t(),
  description: String.t(),
  config: map(),
  schema: %{required(config_key()) => config_schema()},
  environments: [atom()]
}
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          @spec apply_config_template(atom(), String.t()) :: :ok | {:error, term()}


      


Apply a configuration template to a component
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Returns a specification to start this module under a supervisor.
See Supervisor.
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Export configuration to file
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          @spec get_all_configs() :: %{required(atom()) => component_config()}


      


Get all component configurations
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Get configuration for a component
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Get configuration history for a component
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          @spec get_config_schema(atom()) :: map() | {:error, term()}


      


Get configuration schema for a component
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          @spec get_config_value(atom(), config_key()) :: config_value() | {:error, term()}


      


Get a specific configuration value
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          @spec import_config(atom(), String.t()) :: :ok | {:error, term()}


      


Import configuration from file
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Callback implementation for GenServer.init/1.

  



  
    
      
    
    
      register_component_config(component_id, initial_config, schema)



    

  


  

      

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


      


Register a component configuration with schema

  



  
    
      
    
    
      rollback_config(component_id, version)



    

  


  

      

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


      


Rollback to a previous configuration version

  



    

  
    
      
    
    
      start_link(opts \\ [])



    

  


  


  



  
    
      
    
    
      unregister_component_config(component_id)



    

  


  

      

          @spec unregister_component_config(atom()) :: :ok


      


Unregister a component configuration

  



  
    
      
    
    
      unwatch_config(component_id, watcher_pid)



    

  


  

      

          @spec unwatch_config(atom(), pid()) :: :ok


      


Unwatch configuration changes

  



  
    
      
    
    
      update_config(component_id, new_config)



    

  


  

      

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


      


Update configuration for a component

  



  
    
      
    
    
      update_config_schema(component_id, schema)



    

  


  

      

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


      


Update configuration schema for a component

  



  
    
      
    
    
      update_config_value(component_id, key, value)



    

  


  

      

          @spec update_config_value(atom(), config_key(), config_value()) ::
  :ok | {:error, term()}


      


Update a specific configuration value

  



  
    
      
    
    
      validate_config(component_id, config)



    

  


  

      

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


      


Validate configuration against schema

  



  
    
      
    
    
      watch_config(component_id, watcher_pid)



    

  


  

      

          @spec watch_config(atom(), pid()) :: :ok


      


Watch configuration changes for a component

  


        

      


  

    
PacketFlow.Component.Interface behaviour
    



      
Standard interfaces for PacketFlow components
This module defines the core interfaces that all PacketFlow components
should implement to ensure consistent behavior and interoperability.

      


      
        Summary


  
    Callbacks
  


    
      
        component_init(config)

      


        Component initialization interface (use component-specific init functions to avoid GenServer conflicts)



    


    
      
        get_config()

      


        Component configuration interface - get configuration



    


    
      
        get_dependencies()

      


        Component dependency interface - get dependencies



    


    
      
        get_metrics()

      


        Component monitoring interface - get metrics



    


    
      
        get_provided_capabilities()

      


        Component capability interface - get provided capabilities



    


    
      
        get_required_capabilities()

      


        Component capability interface - get required capabilities



    


    
      
        get_state()

      


        Component state interface - get current state



    


    
      
        handle_message(message, state)

      


        Component communication interface - handle message



    


    
      
        health_check()

      


        Component monitoring interface - health check



    


    
      
        send_message(target, message)

      


        Component communication interface - send message



    


    
      
        start_component(config)

      


        Component lifecycle interface - start component



    


    
      
        stop_component()

      


        Component lifecycle interface - stop component



    


    
      
        update_config(new_config)

      


        Component configuration interface - update configuration



    


    
      
        update_state(new_state)

      


        Component state interface - update state



    


    
      
        validate_dependencies()

      


        Component dependency interface - validate dependencies



    





  
    Functions
  


    
      
        __using__(opts \\ [])

      


        Macro to implement standard component interface behaviors



    


    
      
        get_interface_metadata(module)

      


        Get component interface metadata



    


    
      
        validate_component_interface(module)

      


        Validate that a module implements the component interface



    





      


      
        Callbacks

        


  
    
      
    
    
      component_init(config)


        (optional)


    

  


  

      

          @callback component_init(config :: map()) ::
  {:ok, state :: term()} | {:error, reason :: term()}


      


Component initialization interface (use component-specific init functions to avoid GenServer conflicts)

  



  
    
      
    
    
      get_config()


        (optional)


    

  


  

      

          @callback get_config() :: map()


      


Component configuration interface - get configuration

  



  
    
      
    
    
      get_dependencies()


        (optional)


    

  


  

      

          @callback get_dependencies() :: [atom()]


      


Component dependency interface - get dependencies

  



  
    
      
    
    
      get_metrics()


        (optional)


    

  


  

      

          @callback get_metrics() :: map()


      


Component monitoring interface - get metrics

  



  
    
      
    
    
      get_provided_capabilities()


        (optional)


    

  


  

      

          @callback get_provided_capabilities() :: [term()]


      


Component capability interface - get provided capabilities

  



  
    
      
    
    
      get_required_capabilities()


        (optional)


    

  


  

      

          @callback get_required_capabilities() :: [term()]


      


Component capability interface - get required capabilities

  



  
    
      
    
    
      get_state()


        (optional)


    

  


  

      

          @callback get_state() :: term()


      


Component state interface - get current state

  



  
    
      
    
    
      handle_message(message, state)


        (optional)


    

  


  

      

          @callback handle_message(message :: term(), state :: term()) ::
  {:ok, new_state :: term()}
  | {:ok, new_state :: term(), reply :: term()}
  | {:error, reason :: term()}


      


Component communication interface - handle message

  



  
    
      
    
    
      health_check()


        (optional)


    

  


  

      

          @callback health_check() :: :healthy | :unhealthy | :degraded


      


Component monitoring interface - health check

  



  
    
      
    
    
      send_message(target, message)


        (optional)


    

  


  

      

          @callback send_message(target :: atom(), message :: term()) ::
  :ok | {:error, reason :: term()}


      


Component communication interface - send message

  



  
    
      
    
    
      start_component(config)


        (optional)


    

  


  

      

          @callback start_component(config :: map()) :: {:ok, pid()} | {:error, reason :: term()}


      


Component lifecycle interface - start component

  



  
    
      
    
    
      stop_component()


        (optional)


    

  


  

      

          @callback stop_component() :: :ok | {:error, reason :: term()}


      


Component lifecycle interface - stop component

  



  
    
      
    
    
      update_config(new_config)


        (optional)


    

  


  

      

          @callback update_config(new_config :: map()) :: :ok | {:error, reason :: term()}


      


Component configuration interface - update configuration

  



  
    
      
    
    
      update_state(new_state)


        (optional)


    

  


  

      

          @callback update_state(new_state :: term()) :: :ok | {:error, reason :: term()}


      


Component state interface - update state

  



  
    
      
    
    
      validate_dependencies()


        (optional)


    

  


  

      

          @callback validate_dependencies() :: :ok | {:error, [atom()]}


      


Component dependency interface - validate dependencies

  


        

      

      
        Functions

        


    

  
    
      
    
    
      __using__(opts \\ [])


        (macro)


    

  


  

Macro to implement standard component interface behaviors

  



  
    
      
    
    
      get_interface_metadata(module)



    

  


  

Get component interface metadata

  



  
    
      
    
    
      validate_component_interface(module)



    

  


  

Validate that a module implements the component interface

  


        

      


  

    
PacketFlow.Component.Monitoring 
    



      
Component monitoring interfaces for health checks and metrics
This module provides:
	Health check interfaces and implementations
	Metrics collection and reporting
	Performance monitoring
	Resource usage tracking
	Alert and notification systems
	Monitoring dashboard data


      


      
        Summary


  
    Types
  


    
      
        health_check()

      


    


    
      
        health_status()

      


    


    
      
        metric()

      


    


    
      
        metric_type()

      


    


    
      
        metric_value()

      


    


    
      
        monitoring_config()

      


    





  
    Functions
  


    
      
        check_component_health(component_id)

      


        Perform health check for a specific component



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        clear_alerts(component_id)

      


        Clear alerts for a component



    


    
      
        get_alerts()

      


        Get current alerts



    


    
      
        get_all_health_status()

      


        Get current health status for all components



    


    
      
        get_all_metrics()

      


        Get all current metrics



    


    
      
        get_component_metrics(component_id)

      


        Get metrics for a specific component



    


    
      
        get_dashboard_data()

      


        Get monitoring dashboard data



    


    
      
        init(opts)

      


        Callback implementation for GenServer.init/1.



    


    
      
        record_metric(component_id, name, type, value, labels \\ %{})

      


        Record a metric for a component



    


    
      
        register_component(component_id, metadata \\ %{})

      


        Register a component for monitoring



    


    
      
        start_link(opts \\ [])

      


    


    
      
        subscribe_to_component(component_id, subscriber_pid)

      


        Subscribe to monitoring events for a component



    


    
      
        unregister_component(component_id)

      


        Unregister a component from monitoring



    


    
      
        unsubscribe_from_component(component_id, subscriber_pid)

      


        Unsubscribe from monitoring events



    


    
      
        update_config(new_config)

      


        Update monitoring configuration



    





      


      
        Types

        


  
    
      
    
    
      health_check()



    

  


  

      

          @type health_check() :: %{
  component_id: atom(),
  status: health_status(),
  message: String.t(),
  timestamp: integer(),
  duration_ms: number(),
  metadata: map()
}


      



  



  
    
      
    
    
      health_status()



    

  


  

      

          @type health_status() :: :healthy | :unhealthy | :degraded | :unknown


      



  



  
    
      
    
    
      metric()



    

  


  

      

          @type metric() :: %{
  name: String.t(),
  type: metric_type(),
  value: metric_value(),
  labels: map(),
  timestamp: integer(),
  component_id: atom()
}


      



  



  
    
      
    
    
      metric_type()



    

  


  

      

          @type metric_type() :: :counter | :gauge | :histogram | :summary


      



  



  
    
      
    
    
      metric_value()



    

  


  

      

          @type metric_value() :: number() | %{count: integer(), sum: number(), buckets: map()}


      



  



  
    
      
    
    
      monitoring_config()



    

  


  

      

          @type monitoring_config() :: %{
  health_check_interval: integer(),
  metrics_collection_interval: integer(),
  retention_period: integer(),
  alert_thresholds: map(),
  enabled_checks: [atom()],
  enabled_metrics: [atom()]
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      check_component_health(component_id)



    

  


  

      

          @spec check_component_health(atom()) :: health_check() | {:error, term()}


      


Perform health check for a specific component

  



  
    
      
    
    
      child_spec(init_arg)



    

  


  

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

  



  
    
      
    
    
      clear_alerts(component_id)



    

  


  

      

          @spec clear_alerts(atom()) :: :ok


      


Clear alerts for a component

  



  
    
      
    
    
      get_alerts()



    

  


  

      

          @spec get_alerts() :: map()


      


Get current alerts

  



  
    
      
    
    
      get_all_health_status()



    

  


  

      

          @spec get_all_health_status() :: %{required(atom()) => health_check()}


      


Get current health status for all components

  



  
    
      
    
    
      get_all_metrics()



    

  


  

      

          @spec get_all_metrics() :: %{required(atom()) => [metric()]}


      


Get all current metrics

  



  
    
      
    
    
      get_component_metrics(component_id)



    

  


  

      

          @spec get_component_metrics(atom()) :: [metric()] | {:error, term()}


      


Get metrics for a specific component

  



  
    
      
    
    
      get_dashboard_data()



    

  


  

      

          @spec get_dashboard_data() :: map()


      


Get monitoring dashboard data

  



  
    
      
    
    
      init(opts)



    

  


  

Callback implementation for GenServer.init/1.

  



    

  
    
      
    
    
      record_metric(component_id, name, type, value, labels \\ %{})



    

  


  

      

          @spec record_metric(atom(), String.t(), metric_type(), metric_value(), map()) :: :ok


      


Record a metric for a component

  



    

  
    
      
    
    
      register_component(component_id, metadata \\ %{})



    

  


  

      

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


      


Register a component for monitoring

  



    

  
    
      
    
    
      start_link(opts \\ [])



    

  


  


  



  
    
      
    
    
      subscribe_to_component(component_id, subscriber_pid)



    

  


  

      

          @spec subscribe_to_component(atom(), pid()) :: :ok


      


Subscribe to monitoring events for a component

  



  
    
      
    
    
      unregister_component(component_id)



    

  


  

      

          @spec unregister_component(atom()) :: :ok


      


Unregister a component from monitoring

  



  
    
      
    
    
      unsubscribe_from_component(component_id, subscriber_pid)



    

  


  

      

          @spec unsubscribe_from_component(atom(), pid()) :: :ok


      


Unsubscribe from monitoring events

  



  
    
      
    
    
      update_config(new_config)



    

  


  

      

          @spec update_config(monitoring_config()) :: :ok | {:error, term()}


      


Update monitoring configuration

  


        

      


  

    
PacketFlow.Component.Testing 
    



      
Component testing interfaces for automated testing
This module provides:
	Component test suite generation
	Integration testing utilities
	Mock and stub implementations
	Test data factories
	Performance testing tools
	Test reporting and analysis


      


      
        Summary


  
    Types
  


    
      
        test_case()

      


    


    
      
        test_report()

      


    


    
      
        test_result()

      


    


    
      
        test_suite()

      


    





  
    Functions
  


    
      
        create_mock_component(component_id, mock_config \\ %{})

      


        Create a mock component for testing



    


    
      
        create_test_case(name, description, test_function, opts \\ [])

      


        Create a test case



    


    
      
        create_test_data_factory(component_type, options \\ %{})

      


        Create test data factory for a component



    


    
      
        create_test_suite(name, component_id, test_cases, opts \\ [])

      


        Create a test suite for a component



    


    
      
        generate_test_data(factory, data_type, overrides \\ %{})

      


        Generate test data using a factory



    


    
      
        generate_test_report(report, format \\ :text)

      


        Generate test report in various formats



    


    
      
        run_integration_tests(component_ids, test_cases)

      


        Run integration tests between components



    


    
      
        run_performance_tests(component_id, test_config \\ %{})

      


        Run performance tests for a component



    


    
      
        run_test_case(test_case)

      


        Run a single test case



    


    
      
        run_test_suite(suite)

      


        Run a test suite



    





      


      
        Types

        


  
    
      
    
    
      test_case()



    

  


  

      

          @type test_case() :: %{
  name: String.t(),
  description: String.t(),
  setup: function() | nil,
  test_function: function(),
  cleanup: function() | nil,
  timeout: integer(),
  tags: [atom()],
  metadata: map()
}


      



  



  
    
      
    
    
      test_report()



    

  


  

      

          @type test_report() :: %{
  suite: test_suite(),
  results: [test_result()],
  summary: %{
    total: integer(),
    passed: integer(),
    failed: integer(),
    skipped: integer(),
    timeout: integer(),
    total_duration_ms: number()
  },
  timestamp: integer()
}


      



  



  
    
      
    
    
      test_result()



    

  


  

      

          @type test_result() :: %{
  test_case: test_case(),
  status: :passed | :failed | :skipped | :timeout,
  duration_ms: number(),
  message: String.t() | nil,
  error: term() | nil,
  timestamp: integer()
}


      



  



  
    
      
    
    
      test_suite()



    

  


  

      

          @type test_suite() :: %{
  name: String.t(),
  component_id: atom(),
  test_cases: [test_case()],
  setup_all: function() | nil,
  cleanup_all: function() | nil,
  metadata: map()
}


      



  


        

      

      
        Functions

        


    

  
    
      
    
    
      create_mock_component(component_id, mock_config \\ %{})



    

  


  

      

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


      


Create a mock component for testing

  



    

  
    
      
    
    
      create_test_case(name, description, test_function, opts \\ [])



    

  


  

      

          @spec create_test_case(String.t(), String.t(), function(), keyword()) :: test_case()


      


Create a test case

  



    

  
    
      
    
    
      create_test_data_factory(component_type, options \\ %{})



    

  


  

      

          @spec create_test_data_factory(atom(), map()) :: map()


      


Create test data factory for a component

  



    

  
    
      
    
    
      create_test_suite(name, component_id, test_cases, opts \\ [])



    

  


  

      

          @spec create_test_suite(String.t(), atom(), [test_case()], keyword()) :: test_suite()


      


Create a test suite for a component

  



    

  
    
      
    
    
      generate_test_data(factory, data_type, overrides \\ %{})



    

  


  

      

          @spec generate_test_data(map(), atom(), map()) :: term()


      


Generate test data using a factory

  



    

  
    
      
    
    
      generate_test_report(report, format \\ :text)



    

  


  

      

          @spec generate_test_report(test_report(), atom()) :: String.t() | map()


      


Generate test report in various formats

  



  
    
      
    
    
      run_integration_tests(component_ids, test_cases)



    

  


  

      

          @spec run_integration_tests([atom()], [test_case()]) :: test_report()


      


Run integration tests between components

  



    

  
    
      
    
    
      run_performance_tests(component_id, test_config \\ %{})



    

  


  

      

          @spec run_performance_tests(atom(), map()) :: map()


      


Run performance tests for a component

  



  
    
      
    
    
      run_test_case(test_case)



    

  


  

      

          @spec run_test_case(test_case()) :: test_result()


      


Run a single test case

  



  
    
      
    
    
      run_test_suite(suite)



    

  


  

      

          @spec run_test_suite(test_suite()) :: test_report()


      


Run a test suite

  


        

      


  

    
PacketFlow.Component.Testing.MockComponent 
    



      
Mock component implementation for testing

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        component_init(config)

      


        Callback implementation for PacketFlow.Component.Interface.component_init/1.



    


    
      
        get_config()

      


        Callback implementation for PacketFlow.Component.Interface.get_config/0.



    


    
      
        get_dependencies()

      


        Callback implementation for PacketFlow.Component.Interface.get_dependencies/0.



    


    
      
        get_metrics()

      


        Callback implementation for PacketFlow.Component.Interface.get_metrics/0.



    


    
      
        get_provided_capabilities()

      


        Callback implementation for PacketFlow.Component.Interface.get_provided_capabilities/0.



    


    
      
        get_required_capabilities()

      


        Callback implementation for PacketFlow.Component.Interface.get_required_capabilities/0.



    


    
      
        get_state()

      


        Callback implementation for PacketFlow.Component.Interface.get_state/0.



    


    
      
        handle_message(message, state)

      


        Callback implementation for PacketFlow.Component.Interface.handle_message/2.



    


    
      
        health_check()

      


        Callback implementation for PacketFlow.Component.Interface.health_check/0.



    


    
      
        init(config)

      


        Callback implementation for GenServer.init/1.



    


    
      
        send_message(target, message)

      


        Callback implementation for PacketFlow.Component.Interface.send_message/2.



    


    
      
        start_component(config)

      


        Callback implementation for PacketFlow.Component.Interface.start_component/1.



    


    
      
        start_link(config)

      


    


    
      
        stop_component()

      


        Callback implementation for PacketFlow.Component.Interface.stop_component/0.



    


    
      
        update_config(new_config)

      


        Callback implementation for PacketFlow.Component.Interface.update_config/1.



    


    
      
        update_state(new_state)

      


        Callback implementation for PacketFlow.Component.Interface.update_state/1.



    


    
      
        validate_dependencies()

      


        Callback implementation for PacketFlow.Component.Interface.validate_dependencies/0.



    





      


      
        Functions

        


  
    
      
    
    
      child_spec(init_arg)



    

  


  

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

  



  
    
      
    
    
      component_init(config)



    

  


  

Callback implementation for PacketFlow.Component.Interface.component_init/1.

  



  
    
      
    
    
      get_config()



    

  


  

Callback implementation for PacketFlow.Component.Interface.get_config/0.

  



  
    
      
    
    
      get_dependencies()



    

  


  

Callback implementation for PacketFlow.Component.Interface.get_dependencies/0.

  



  
    
      
    
    
      get_metrics()



    

  


  

Callback implementation for PacketFlow.Component.Interface.get_metrics/0.

  



  
    
      
    
    
      get_provided_capabilities()



    

  


  

Callback implementation for PacketFlow.Component.Interface.get_provided_capabilities/0.

  



  
    
      
    
    
      get_required_capabilities()



    

  


  

Callback implementation for PacketFlow.Component.Interface.get_required_capabilities/0.

  



  
    
      
    
    
      get_state()



    

  


  

Callback implementation for PacketFlow.Component.Interface.get_state/0.

  



  
    
      
    
    
      handle_message(message, state)



    

  


  

Callback implementation for PacketFlow.Component.Interface.handle_message/2.

  



  
    
      
    
    
      health_check()



    

  


  

Callback implementation for PacketFlow.Component.Interface.health_check/0.

  



  
    
      
    
    
      init(config)



    

  


  

Callback implementation for GenServer.init/1.

  



  
    
      
    
    
      send_message(target, message)



    

  


  

Callback implementation for PacketFlow.Component.Interface.send_message/2.

  



  
    
      
    
    
      start_component(config)



    

  


  

Callback implementation for PacketFlow.Component.Interface.start_component/1.

  



  
    
      
    
    
      start_link(config)



    

  


  


  



  
    
      
    
    
      stop_component()



    

  


  

Callback implementation for PacketFlow.Component.Interface.stop_component/0.

  



  
    
      
    
    
      update_config(new_config)



    

  


  

Callback implementation for PacketFlow.Component.Interface.update_config/1.

  



  
    
      
    
    
      update_state(new_state)



    

  


  

Callback implementation for PacketFlow.Component.Interface.update_state/1.

  



  
    
      
    
    
      validate_dependencies()



    

  


  

Callback implementation for PacketFlow.Component.Interface.validate_dependencies/0.

  


        

      


  

    
PacketFlow.Component.Testing.MockSupervisor 
    



      
Dynamic supervisor for mock components

      


      
        Summary


  
    Functions
  


    
      
        child_spec(arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        init(init_arg)

      


        Callback implementation for DynamicSupervisor.init/1.



    


    
      
        start_link(init_arg)

      


    





      


      
        Functions

        


  
    
      
    
    
      child_spec(arg)



    

  


  

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

  



  
    
      
    
    
      init(init_arg)



    

  


  

Callback implementation for DynamicSupervisor.init/1.

  



  
    
      
    
    
      start_link(init_arg)



    

  


  


  


        

      


  

    
PacketFlow.Config 
    



      
Dynamic configuration management for PacketFlow components
This module provides centralized configuration management with support for:
	Environment-based configuration
	Runtime configuration updates
	Component-specific configuration
	Configuration validation
	Default value management


      


      
        Summary


  
    Types
  


    
      
        config_key()

      


    


    
      
        config_map()

      


    


    
      
        config_value()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        get(key, default \\ nil)

      


        Get a configuration value with optional default



    


    
      
        get_all()

      


        Get all configuration



    


    
      
        get_component(component, key, default \\ nil)

      


        Get a configuration value for a specific component



    


    
      
        init(opts)

      


        Callback implementation for GenServer.init/1.



    


    
      
        set(key, value)

      


        Set a configuration value



    


    
      
        set_component(component, key, value)

      


        Set a configuration value for a specific component



    


    
      
        start_link(opts \\ [])

      


    


    
      
        unwatch(key, pid)

      


        Unwatch configuration changes



    


    
      
        update(config_map)

      


        Update configuration with a map of values



    


    
      
        validate(config)

      


        Validate configuration against schema



    


    
      
        watch(key, pid)

      


        Watch for configuration changes



    





      


      
        Types

        


  
    
      
    
    
      config_key()



    

  


  

      

          @type config_key() :: atom()


      



  



  
    
      
    
    
      config_map()



    

  


  

      

          @type config_map() :: %{required(config_key()) => config_value()}


      



  



  
    
      
    
    
      config_value()



    

  


  

      

          @type config_value() :: any()


      



  


        

      

      
        Functions

        


  
    
      
    
    
      child_spec(init_arg)



    

  


  

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

  



    

  
    
      
    
    
      get(key, default \\ nil)



    

  


  

      

          @spec get(config_key(), config_value()) :: config_value()


      


Get a configuration value with optional default

  



  
    
      
    
    
      get_all()



    

  


  

      

          @spec get_all() :: config_map()


      


Get all configuration

  



    

  
    
      
    
    
      get_component(component, key, default \\ nil)



    

  


  

      

          @spec get_component(atom(), config_key(), config_value()) :: config_value()


      


Get a configuration value for a specific component

  



  
    
      
    
    
      init(opts)



    

  


  

Callback implementation for GenServer.init/1.

  



  
    
      
    
    
      set(key, value)



    

  


  

      

          @spec set(config_key(), config_value()) :: :ok


      


Set a configuration value

  



  
    
      
    
    
      set_component(component, key, value)



    

  


  

      

          @spec set_component(atom(), config_key(), config_value()) :: :ok


      


Set a configuration value for a specific component

  



    

  
    
      
    
    
      start_link(opts \\ [])



    

  


  


  



  
    
      
    
    
      unwatch(key, pid)



    

  


  

      

          @spec unwatch(config_key(), pid()) :: :ok


      


Unwatch configuration changes

  



  
    
      
    
    
      update(config_map)



    

  


  

      

          @spec update(config_map()) :: :ok


      


Update configuration with a map of values

  



  
    
      
    
    
      validate(config)



    

  


  

      

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


      


Validate configuration against schema

  



  
    
      
    
    
      watch(key, pid)



    

  


  

      

          @spec watch(config_key(), pid()) :: :ok


      


Watch for configuration changes

  


        

      


  

    
PacketFlow.Context behaviour
    




      
        Summary


  
    Callbacks
  


    
      
        compose(context1, context2, strategy)

      


    


    
      
        new(attrs)

      


    


    
      
        propagate(context, target_module)

      


    





  
    Functions
  


    
      
        empty()

      


    





      


      
        Callbacks

        


  
    
      
    
    
      compose(context1, context2, strategy)



    

  


  

      

          @callback compose(context1 :: struct(), context2 :: struct(), strategy :: atom()) ::
  struct()


      



  



  
    
      
    
    
      new(attrs)



    

  


  

      

          @callback new(attrs :: keyword()) :: struct()


      



  



  
    
      
    
    
      propagate(context, target_module)



    

  


  

      

          @callback propagate(context :: struct(), target_module :: module()) :: struct()


      



  


        

      

      
        Functions

        


  
    
      
    
    
      empty()



    

  


  


  


        

      


  

    
PacketFlow.DSL 
    



      
PacketFlow DSL: Domain-specific language for defining PacketFlow components
This module provides macros for defining:
	Intents with capability requirements and effect specifications
	Contexts with propagation and composition strategies
	Capabilities with implication hierarchies and grants
	Reactors with state management and message processing


      




  

    
PacketFlow.DSL.Capability 
    



      
DSL for defining PacketFlow capabilities with implication hierarchies and grants

      


      
        Summary


  
    Functions
  


    
      
        defcapability(name, list)

      


        Define a capability with implication hierarchies and grants



    


    
      
        defsimple_capability(name, operations, list)

      


        Define a simple capability with basic operations



    





      


      
        Functions

        


  
    
      
    
    
      defcapability(name, list)


        (macro)


    

  


  

Define a capability with implication hierarchies and grants
Example
defcapability FileSystemCap do
  @implications [
    {FileSystemCap.admin, [FileSystemCap.read, FileSystemCap.write, FileSystemCap.delete]},
    {FileSystemCap.delete, [FileSystemCap.read, FileSystemCap.write]}
  ]

  @grants [
    {FileSystemCap.admin, [FileSystemCap.read(:any), FileSystemCap.write(:any), FileSystemCap.delete(:any)]},
    {FileSystemCap.delete, [FileSystemCap.read(:any), FileSystemCap.write(:any)]}
  ]

  def read(path), do: {:read, path}
  def write(path), do: {:write, path}
  def delete(path), do: {:delete, path}
  def admin(), do: {:admin}

  def implies?(cap1, cap2) do
    implications = @implications
    |> Enum.find(fn {cap, _} -> cap == cap1 end)
    |> case do
      {^cap1, implied_caps} -> Enum.any?(implied_caps, &(&1 == cap2))
      _ -> cap1 == cap2
    end
  end

  def compose(caps) when is_list(caps) do
    caps
    |> Enum.reduce(MapSet.new(), fn cap, acc ->
      granted = grants(cap)
      MapSet.union(acc, MapSet.new([cap | granted]))
    end)
  end

  def grants(capability) do
    grants_map = Map.new(@grants)
    Map.get(grants_map, capability, [])
  end
end

  



  
    
      
    
    
      defsimple_capability(name, operations, list)


        (macro)


    

  


  

Define a simple capability with basic operations
Example
defsimple_capability UserCap, [:basic, :admin] do
  @implications [
    {UserCap.admin, [UserCap.basic]}
  ]
end

  


        

      


  

    
PacketFlow.DSL.Context 
    



      
DSL for defining PacketFlow contexts with propagation and composition strategies

      


      
        Summary


  
    Functions
  


    
      
        defcontext(name, list)

      


        Define a context with propagation and composition strategies



    


    
      
        defsimple_context(name, fields, list)

      


        Define a simple context with basic fields



    





      


      
        Functions

        


  
    
      
    
    
      defcontext(name, list)


        (macro)


    

  


  

Define a context with propagation and composition strategies
Example
defcontext RequestContext do
  @propagation_strategy :inherit
  @composition_strategy :merge

  defstruct [:user_id, :session_id, :request_id, :capabilities, :trace]

  def new(attrs \ []) do
    struct(__MODULE__, attrs)
    |> compute_capabilities()
    |> ensure_request_id()
  end

  def propagate(context, target_module) do
    case @propagation_strategy do
      :inherit ->
        %__MODULE__{
          user_id: context.user_id,
          session_id: context.session_id,
          request_id: generate_request_id(),
          capabilities: context.capabilities,
          trace: [target_module | context.trace]
        }
      :copy ->
        %__MODULE__{
          user_id: context.user_id,
          session_id: context.session_id,
          request_id: generate_request_id(),
          capabilities: context.capabilities,
          trace: context.trace
        }
    end
  end

  def compose(context1, context2, strategy \ @composition_strategy) do
    case strategy do
      :merge ->
        %__MODULE__{
          user_id: context2.user_id,
          session_id: context2.session_id,
          request_id: generate_request_id(),
          capabilities: MapSet.union(context1.capabilities, context2.capabilities),
          trace: context1.trace ++ context2.trace
        }
      :override ->
        context2
    end
  end

  defp compute_capabilities(context) do
    capabilities = case context.user_id do
      "admin" -> MapSet.new([AdminCap.admin()])
      "user" -> MapSet.new([UserCap.basic()])
      _ -> MapSet.new([GuestCap.read()])
    end
    %{context | capabilities: capabilities}
  end

  defp generate_request_id, do: "req_311"

  defp ensure_request_id(context) do
    if context.request_id == nil do
      %{context | request_id: generate_request_id()}
    else
      context
    end
  end
end

  



  
    
      
    
    
      defsimple_context(name, fields, list)


        (macro)


    

  


  

Define a simple context with basic fields
Example
defsimple_context UserContext, [:user_id, :session_id, :capabilities] do
  @propagation_strategy :inherit
end

  


        

      


  

    
PacketFlow.DSL.Intent 
    



      
DSL for defining PacketFlow intents with capability requirements and effects

      


      
        Summary


  
    Functions
  


    
      
        defintent(name, list)

      


        Define an intent with capability requirements and effect specifications



    


    
      
        defsimple_intent(name, fields, list)

      


        Define a simple intent with minimal boilerplate



    





      


      
        Functions

        


  
    
      
    
    
      defintent(name, list)


        (macro)


    

  


  

Define an intent with capability requirements and effect specifications
Example
defintent FileReadIntent do
          @capabilities []
  @effect FileSystemEffect.read_file

  defstruct [:path, :user_id, :session_id]

  def new(path, user_id, session_id) do
    %__MODULE__{
      path: path,
      user_id: user_id,
      session_id: session_id
    }
  end

  def required_capabilities(intent) do
    [FileSystemCap.read(intent.path)]
  end

  def to_reactor_message(intent, opts \ []) do
    %PacketFlow.Reactor.Message{
      intent: intent,
      capabilities: required_capabilities(intent),
      context: opts[:context] || PacketFlow.Context.empty(),
      metadata: %{type: :file_read, timestamp: System.system_time()},
      timestamp: System.system_time()
    }
  end

  def to_effect(intent, opts \ []) do
    PacketFlow.Effect.new(
      intent: intent,
      capabilities: required_capabilities(intent),
      context: opts[:context] || PacketFlow.Context.empty(),
      continuation: &FileSystemEffect.read_file/1
    )
  end
end

  



  
    
      
    
    
      defsimple_intent(name, fields, list)


        (macro)


    

  


  

Define a simple intent with minimal boilerplate
Example
defsimple_intent FileWriteIntent, [:path, :content, :user_id] do
  @capabilities [FileSystemCap.write]
  @effect FileSystemEffect.write_file
end

  


        

      


  

    
PacketFlow.DSL.Reactor 
    



      
DSL for defining PacketFlow reactors with state management and message processing

      


      
        Summary


  
    Functions
  


    
      
        defreactor(name, list)

      


        Define a reactor with state management and message processing



    


    
      
        defsimple_reactor(name, state_fields, list)

      


        Define a simple reactor with basic state management



    





      


      
        Functions

        


  
    
      
    
    
      defreactor(name, list)


        (macro)


    

  


  

Define a reactor with state management and message processing
Example
defreactor FileSystemReactor do
  @initial_state %{files: %{}, operations: []}
  @capabilities [FileSystemCap.read, FileSystemCap.write, FileSystemCap.delete]

  def start_link(opts \ []) do
    GenServer.start_link(__MODULE__, opts, name: __MODULE__)
  end

  def init(opts) do
    state = Keyword.get(opts, :initial_state, @initial_state)
    {:ok, state}
  end

  def handle_call({:process_intent, intent}, _from, state) do
    case process_intent(intent, state) do
      {:ok, new_state, effects} ->
        {:reply, {:ok, effects}, new_state}
      {:error, reason} ->
        {:reply, {:error, reason}, state}
    end
  end

  def process_intent(intent, state) do
    case intent do
      %FileReadIntent{} ->
        handle_file_read(intent, state)
      %FileWriteIntent{} ->
        handle_file_write(intent, state)
      _ ->
        {:error, :unsupported_intent}
    end
  end

  defp handle_file_read(intent, state) do
    case Map.get(state.files, intent.path) do
      nil ->
        {:error, :file_not_found}
      content ->
        new_state = update_in(state, [:operations], &[intent | &1])
        {:ok, new_state, []}
    end
  end

  defp handle_file_write(intent, state) do
    new_state = state
    |> update_in([:files], &Map.put(&1, intent.path, intent.content))
    |> update_in([:operations], &[intent | &1])
    {:ok, new_state, []}
  end
end

  



  
    
      
    
    
      defsimple_reactor(name, state_fields, list)


        (macro)


    

  


  

Define a simple reactor with basic state management
Example
defsimple_reactor CounterReactor, [:count] do
  @capabilities [CounterCap.increment, CounterCap.decrement]

  def process_intent(intent, state) do
    case intent do
      %IncrementIntent{} ->
        new_state = update_in(state, [:count], &(&1 + 1))
        {:ok, new_state, []}
      %DecrementIntent{} ->
        new_state = update_in(state, [:count], &(&1 - 1))
        {:ok, new_state, []}
      _ ->
        {:error, :unsupported_intent}
      end
    end
  end
end

  


        

      


  

    
PacketFlow.Effect 
    




      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        execute(effect)

      


    


    
      
        new(attrs)

      


    





      


      
        Types

        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %PacketFlow.Effect{
  capabilities: [any()],
  context: struct(),
  continuation: function() | nil,
  intent: any(),
  status: :pending | :running | :completed | :failed
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      execute(effect)



    

  


  


  



  
    
      
    
    
      new(attrs)



    

  


  


  


        

      


  

    
PacketFlow.Intent behaviour
    




      
        Summary


  
    Callbacks
  


    
      
        required_capabilities(intent)

      


    


    
      
        to_effect(intent, opts)

      


    


    
      
        to_reactor_message(intent, opts)

      


    





      


      
        Callbacks

        


  
    
      
    
    
      required_capabilities(intent)



    

  


  

      

          @callback required_capabilities(intent :: any()) :: [module()]


      



  



  
    
      
    
    
      to_effect(intent, opts)



    

  


  

      

          @callback to_effect(intent :: any(), opts :: keyword()) :: PacketFlow.Effect.t()


      



  



  
    
      
    
    
      to_reactor_message(intent, opts)



    

  


  

      

          @callback to_reactor_message(intent :: any(), opts :: keyword()) ::
  PacketFlow.Reactor.Message.t()


      



  


        

      


  

    
PacketFlow.Intent.Dynamic 
    



      
Dynamic intent processing and routing system for PacketFlow
This module provides runtime intent creation, dynamic routing,
composition patterns, validation plugins, and transformation plugins.

      


      
        Summary


  
    Functions
  


    
      
        compose_intents(intents, composition_pattern, opts \\ %{})

      


        Compose multiple intents using different composition patterns



    


    
      
        create_composite_intent(intents, composition_strategy \\ :parallel)

      


        Create a composite intent from multiple intents



    


    
      
        create_intent(intent_type, payload, capabilities \\ [])

      


        Create an intent dynamically at runtime



    


    
      
        delegate_intent(intent, target_processor)

      


        Delegate an intent to another processor



    


    
      
        route_intent(intent)

      


        Route an intent dynamically based on its type and capabilities



    


    
      
        transform_intent(intent)

      


        Transform an intent using registered transformation plugins



    


    
      
        validate_intent(intent)

      


        Validate an intent using registered validation plugins



    





      


      
        Functions

        


    

  
    
      
    
    
      compose_intents(intents, composition_pattern, opts \\ %{})



    

  


  

Compose multiple intents using different composition patterns
Examples
# Sequential composition
result = PacketFlow.Intent.Dynamic.compose_intents([
  intent1,
  intent2,
  intent3
], :sequential)

# Parallel composition
result = PacketFlow.Intent.Dynamic.compose_intents([
  intent1,
  intent2,
  intent3
], :parallel)

# Conditional composition
result = PacketFlow.Intent.Dynamic.compose_intents([
  intent1,
  intent2,
  intent3
], :conditional, %{condition: &successful?/1})

  



    

  
    
      
    
    
      create_composite_intent(intents, composition_strategy \\ :parallel)



    

  


  

Create a composite intent from multiple intents
Examples
composite = PacketFlow.Intent.Dynamic.create_composite_intent([
  file_read_intent,
  file_process_intent,
  file_save_intent
], :sequential)

  



    

  
    
      
    
    
      create_intent(intent_type, payload, capabilities \\ [])



    

  


  

Create an intent dynamically at runtime
Examples
# Create a file read intent dynamically
intent = PacketFlow.Intent.Dynamic.create_intent(
  "FileReadIntent",
  %{path: "/path/to/file", user_id: "user123"},
  [FileCap.read("/path/to/file")]
)

# Create a composite intent
composite_intent = PacketFlow.Intent.Dynamic.create_composite_intent([
  intent1,
  intent2,
  intent3
], :sequential)

  



  
    
      
    
    
      delegate_intent(intent, target_processor)



    

  


  

Delegate an intent to another processor
Examples
case PacketFlow.Intent.Dynamic.delegate_intent(intent, target_processor) do
  {:ok, delegated_intent} ->
    # Intent delegated successfully
  {:error, reason} ->
    # Handle delegation error
end

  



  
    
      
    
    
      route_intent(intent)



    

  


  

Route an intent dynamically based on its type and capabilities
Examples
# Route to appropriate reactor
case PacketFlow.Intent.Dynamic.route_intent(intent) do
  {:ok, target_reactor} ->
    PacketFlow.Reactor.process(target_reactor, intent)
  {:error, reason} ->
    Logger.error("Failed to route intent: " <> inspect(reason))
end

  



  
    
      
    
    
      transform_intent(intent)



    

  


  

Transform an intent using registered transformation plugins
Examples
case PacketFlow.Intent.Dynamic.transform_intent(intent) do
  {:ok, transformed_intent} ->
    # Process transformed intent
  {:error, reason} ->
    # Handle transformation error
end

  



  
    
      
    
    
      validate_intent(intent)



    

  


  

Validate an intent using registered validation plugins
Examples
case PacketFlow.Intent.Dynamic.validate_intent(intent) do
  {:ok, validated_intent} ->
    # Process validated intent
  {:error, validation_errors} ->
    # Handle validation errors
end

  


        

      


  

    
PacketFlow.Intent.Plugin 
    



      
Plugin system for intent extensions
This module provides a framework for creating custom intent types,
routing logic, validation logic, transformation logic, and composition patterns.

      


      
        Summary


  
    Functions
  


    
      
        defcustom_composition_pattern(name, list)

      


        Create a custom composition pattern



    


    
      
        defcustom_intent_type(name, list)

      


        Create a custom intent type



    


    
      
        defcustom_routing_strategy(name, list)

      


        Create a custom routing strategy



    


    
      
        defintent_plugin(name, list)

      


        Define an intent plugin with custom behavior



    


    
      
        get_plugins()

      


        Get all registered intent plugins



    


    
      
        get_plugins_by_type(plugin_type)

      


        Get plugins by type



    


    
      
        register_plugin(plugin_module)

      


        Register an intent plugin with the system



    


    
      
        unregister_plugin(plugin_module)

      


        Unregister an intent plugin from the system



    





      


      
        Functions

        


  
    
      
    
    
      defcustom_composition_pattern(name, list)


        (macro)


    

  


  

Create a custom composition pattern
Example
defcustom_composition_pattern RetryComposition do
  @pattern_type :retry
  @max_retries 3

  def compose(intents, opts) do
    max_retries = Map.get(opts, :max_retries, @max_retries)
    compose_with_retry(intents, max_retries)
  end

  defp compose_with_retry(intents, retries_left) do
    case PacketFlow.Intent.Dynamic.compose_intents(intents, :sequential) do
      {:ok, results} ->
        {:ok, results}
      {:error, _reason} when retries_left > 0 ->
        compose_with_retry(intents, retries_left - 1)
      {:error, reason} ->
        {:error, reason}
    end
  end
end

  



  
    
      
    
    
      defcustom_intent_type(name, list)


        (macro)


    

  


  

Create a custom intent type
Example
defcustom_intent_type FileOperationIntent do
  @intent_type :file_operation
  @capabilities [FileCap.read, FileCap.write]

  def new(operation, path, user_id) do
    %{
      type: @intent_type,
      operation: operation,
      path: path,
      user_id: user_id,
      capabilities: [FileCap.read(path), FileCap.write(path)]
    }
  end

  def validate(intent) do
    case intent.operation do
      :read -> validate_read_operation(intent)
      :write -> validate_write_operation(intent)
      _ -> {:error, :unsupported_operation}
    end
  end

  defp validate_read_operation(intent) do
    case File.exists?(intent.path) do
      true -> {:ok, intent}
      false -> {:error, :file_not_found}
    end
  end

  defp validate_write_operation(intent) do
    case File.writable?(Path.dirname(intent.path)) do
      true -> {:ok, intent}
      false -> {:error, :directory_not_writable}
    end
  end
end

  



  
    
      
    
    
      defcustom_routing_strategy(name, list)


        (macro)


    

  


  

Create a custom routing strategy
Example
defcustom_routing_strategy LoadBalancedRouting do
  @strategy_type :load_balanced
  @targets [:reactor1, :reactor2, :reactor3]

  def route(intent, available_targets) do
    # Load balancing logic
    target = select_target(available_targets)
    {:ok, target}
  end

  defp select_target(targets) do
    # Simple round-robin selection
    Enum.random(targets)
  end
end

  



  
    
      
    
    
      defintent_plugin(name, list)


        (macro)


    

  


  

Define an intent plugin with custom behavior
Example
defintent_plugin MyCustomIntentPlugin do
  @plugin_type :intent_validation
  @priority 10

  def validate(intent) do
    case intent.type do
      "FileReadIntent" ->
        validate_file_read(intent)
      "UserIntent" ->
        validate_user_intent(intent)
      _ ->
        {:ok, intent}
    end
  end

  def transform(intent) do
    # Transform intent as needed
    {:ok, intent}
  end

  def route(intent, targets) do
    # Custom routing logic
    {:ok, targets}
  end

  def compose(intents, strategy) do
    # Custom composition logic
    {:ok, intents}
  end

  defp validate_file_read(intent) do
    case intent.payload.path do
      path when is_binary(path) and byte_size(path) > 0 ->
        {:ok, intent}
      _ ->
        {:error, :invalid_file_path}
    end
  end

  defp validate_user_intent(intent) do
    case intent.payload.user_id do
      user_id when is_binary(user_id) and byte_size(user_id) > 0 ->
        {:ok, intent}
      _ ->
        {:error, :invalid_user_id}
    end
  end
end

  



  
    
      
    
    
      get_plugins()



    

  


  

Get all registered intent plugins
Example
plugins = PacketFlow.Intent.Plugin.get_plugins()

  



  
    
      
    
    
      get_plugins_by_type(plugin_type)



    

  


  

Get plugins by type
Example
validation_plugins = PacketFlow.Intent.Plugin.get_plugins_by_type(:intent_validation)
transformation_plugins = PacketFlow.Intent.Plugin.get_plugins_by_type(:intent_transformation)

  



  
    
      
    
    
      register_plugin(plugin_module)



    

  


  

Register an intent plugin with the system
Example
PacketFlow.Intent.Plugin.register_plugin(MyCustomIntentPlugin)

  



  
    
      
    
    
      unregister_plugin(plugin_module)



    

  


  

Unregister an intent plugin from the system
Example
PacketFlow.Intent.Plugin.unregister_plugin(MyCustomIntentPlugin)

  


        

      


  

    
PacketFlow.Intent.Plugin.Behaviour behaviour
    



      
Behaviour for intent plugins

      


      
        Summary


  
    Callbacks
  


    
      
        compose(list, any)

      


    


    
      
        plugin_type()

      


    


    
      
        priority()

      


    


    
      
        route(any, list)

      


    


    
      
        transform(any)

      


    


    
      
        validate(any)

      


    





      


      
        Callbacks

        


  
    
      
    
    
      compose(list, any)



    

  


  

      

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


      



  



  
    
      
    
    
      plugin_type()



    

  


  

      

          @callback plugin_type() :: atom()


      



  



  
    
      
    
    
      priority()



    

  


  

      

          @callback priority() :: integer()


      



  



  
    
      
    
    
      route(any, list)



    

  


  

      

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


      



  



  
    
      
    
    
      transform(any)



    

  


  

      

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


      



  



  
    
      
    
    
      validate(any)



    

  


  

      

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


      



  


        

      


  

    
PacketFlow.Intent.Plugin.CompositionPattern behaviour
    



      
Behaviour for custom composition patterns

      


      
        Summary


  
    Callbacks
  


    
      
        compose(list, map)

      


    


    
      
        default_opts()

      


    


    
      
        pattern_type()

      


    





      


      
        Callbacks

        


  
    
      
    
    
      compose(list, map)



    

  


  

      

          @callback compose(list(), map()) :: {:ok, any()} | {:error, any()}


      



  



  
    
      
    
    
      default_opts()



    

  


  

      

          @callback default_opts() :: map()


      



  



  
    
      
    
    
      pattern_type()



    

  


  

      

          @callback pattern_type() :: atom()


      



  


        

      


  

    
PacketFlow.Intent.Plugin.CustomType behaviour
    



      
Behaviour for custom intent types

      


      
        Summary


  
    Callbacks
  


    
      
        capabilities()

      


    


    
      
        intent_type()

      


    


    
      
        transform(any)

      


    


    
      
        validate(any)

      


    





      


      
        Callbacks

        


  
    
      
    
    
      capabilities()



    

  


  

      

          @callback capabilities() :: list()


      



  



  
    
      
    
    
      intent_type()



    

  


  

      

          @callback intent_type() :: atom()


      



  



  
    
      
    
    
      transform(any)



    

  


  

      

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


      



  



  
    
      
    
    
      validate(any)



    

  


  

      

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


      



  


        

      


  

    
PacketFlow.Intent.Plugin.RoutingStrategy behaviour
    



      
Behaviour for custom routing strategies

      


      
        Summary


  
    Callbacks
  


    
      
        route(any, list)

      


    


    
      
        strategy_type()

      


    


    
      
        targets()

      


    





      


      
        Callbacks

        


  
    
      
    
    
      route(any, list)



    

  


  

      

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


      



  



  
    
      
    
    
      strategy_type()



    

  


  

      

          @callback strategy_type() :: atom()


      



  



  
    
      
    
    
      targets()



    

  


  

      

          @callback targets() :: list()


      



  


        

      


  

    
PacketFlow.Intent.Plugins.CustomFileOperationIntent 
    



      
Custom file operation intent type
This demonstrates the custom intent type system with file operations
including read, write, delete, and copy operations.

      


      
        Summary


  
    Functions
  


    
      
        capabilities()

      


        Get capabilities for this intent type



    


    
      
        intent_type()

      


        Get intent type



    


    
      
        new(operation, path, user_id, opts \\ %{})

      


        Create a new file operation intent



    


    
      
        transform(intent)

      


        Transform file operation intent



    


    
      
        validate(intent)

      


        Validate file operation intent



    





      


      
        Functions

        


  
    
      
    
    
      capabilities()



    

  


  

Get capabilities for this intent type

  



  
    
      
    
    
      intent_type()



    

  


  

Get intent type

  



    

  
    
      
    
    
      new(operation, path, user_id, opts \\ %{})



    

  


  

Create a new file operation intent

  



  
    
      
    
    
      transform(intent)



    

  


  

Transform file operation intent

  



  
    
      
    
    
      validate(intent)



    

  


  

Validate file operation intent

  


        

      


  

    
PacketFlow.Intent.Plugins.FileValidationPlugin 
    



      
File validation plugin for intent system
This plugin validates file-related intents by checking file paths,
permissions, and existence.

      


      
        Summary


  
    Functions
  


    
      
        compose(intents, strategy)

      


        Compose file operations with proper ordering



    


    
      
        plugin_type()

      


        Callback implementation for PacketFlow.Intent.Plugin.Behaviour.plugin_type/0.



    


    
      
        priority()

      


        Callback implementation for PacketFlow.Intent.Plugin.Behaviour.priority/0.



    


    
      
        route(intent, targets)

      


        Route file intents to appropriate processors



    


    
      
        transform(intent)

      


        Transform file intents by normalizing paths



    


    
      
        validate(intent)

      


        Validate file-related intents



    





      


      
        Functions

        


  
    
      
    
    
      compose(intents, strategy)



    

  


  

Compose file operations with proper ordering

  



  
    
      
    
    
      plugin_type()



    

  


  

Callback implementation for PacketFlow.Intent.Plugin.Behaviour.plugin_type/0.

  



  
    
      
    
    
      priority()



    

  


  

Callback implementation for PacketFlow.Intent.Plugin.Behaviour.priority/0.

  



  
    
      
    
    
      route(intent, targets)



    

  


  

Route file intents to appropriate processors

  



  
    
      
    
    
      transform(intent)



    

  


  

Transform file intents by normalizing paths

  



  
    
      
    
    
      validate(intent)



    

  


  

Validate file-related intents

  


        

      


  

    
PacketFlow.Intent.Plugins.LoadBalancedRoutingStrategy 
    



      
Load-balanced routing strategy for intent system
This demonstrates a custom routing strategy that distributes intents
across multiple processors using different load balancing algorithms.

      


      
        Summary


  
    Functions
  


    
      
        route(intent, available_targets)

      


        Route intents using load balancing



    


    
      
        strategy_type()

      


        Get strategy type



    


    
      
        targets()

      


        Get default targets



    





      


      
        Functions

        


  
    
      
    
    
      route(intent, available_targets)



    

  


  

Route intents using load balancing

  



  
    
      
    
    
      strategy_type()



    

  


  

Get strategy type

  



  
    
      
    
    
      targets()



    

  


  

Get default targets

  


        

      


  

    
PacketFlow.Intent.Plugins.RetryCompositionPattern 
    



      
Retry composition pattern for intent system
This demonstrates a custom composition pattern that implements
retry logic for failed intent compositions.

      


      
        Summary


  
    Functions
  


    
      
        compose(intents, opts)

      


        Compose intents with retry logic



    


    
      
        default_opts()

      


        Get default options



    


    
      
        pattern_type()

      


        Get pattern type



    





      


      
        Functions

        


  
    
      
    
    
      compose(intents, opts)



    

  


  

Compose intents with retry logic

  



  
    
      
    
    
      default_opts()



    

  


  

Get default options

  



  
    
      
    
    
      pattern_type()



    

  


  

Get pattern type

  


        

      


  

    
PacketFlow.Intent.Plugins.UserValidationPlugin 
    



      
User validation plugin for intent system
This plugin validates user-related intents by checking user IDs,
permissions, and session validity.

      


      
        Summary


  
    Functions
  


    
      
        compose(intents, strategy)

      


        Compose user operations with proper authentication flow



    


    
      
        plugin_type()

      


        Callback implementation for PacketFlow.Intent.Plugin.Behaviour.plugin_type/0.



    


    
      
        priority()

      


        Callback implementation for PacketFlow.Intent.Plugin.Behaviour.priority/0.



    


    
      
        route(intent, targets)

      


        Route user intents to appropriate processors



    


    
      
        transform(intent)

      


        Transform user intents by adding session context



    


    
      
        validate(intent)

      


        Validate user-related intents



    





      


      
        Functions

        


  
    
      
    
    
      compose(intents, strategy)



    

  


  

Compose user operations with proper authentication flow

  



  
    
      
    
    
      plugin_type()



    

  


  

Callback implementation for PacketFlow.Intent.Plugin.Behaviour.plugin_type/0.

  



  
    
      
    
    
      priority()



    

  


  

Callback implementation for PacketFlow.Intent.Plugin.Behaviour.priority/0.

  



  
    
      
    
    
      route(intent, targets)



    

  


  

Route user intents to appropriate processors

  



  
    
      
    
    
      transform(intent)



    

  


  

Transform user intents by adding session context

  



  
    
      
    
    
      validate(intent)



    

  


  

Validate user-related intents

  


        

      


  

    
PacketFlow.Plugin 
    



      
Plugin system for extending PacketFlow functionality
This module provides:
	Plugin discovery and loading
	Plugin lifecycle management
	Plugin dependency resolution
	Plugin configuration
	Plugin hot-swapping


      


      
        Summary


  
    Types
  


    
      
        plugin_id()

      


    


    
      
        plugin_info()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        get_plugin_config(plugin_id)

      


        Get plugin configuration



    


    
      
        get_plugin_info(plugin_id)

      


        Get information about a loaded plugin



    


    
      
        init(opts)

      


        Callback implementation for GenServer.init/1.



    


    
      
        list_plugins()

      


        List all loaded plugins



    


    
      
        load_plugin(module)

      


        Load a plugin by module name



    


    
      
        plugin_loaded?(plugin_id)

      


        Check if a plugin is loaded



    


    
      
        set_plugin_config(plugin_id, config)

      


        Set plugin configuration



    


    
      
        start_link(opts \\ [])

      


    


    
      
        unload_plugin(plugin_id)

      


        Unload a plugin by ID



    


    
      
        unwatch_plugin(plugin_id, pid)

      


        Unwatch plugin lifecycle events



    


    
      
        watch_plugin(plugin_id, pid)

      


        Watch for plugin lifecycle events



    





      


      
        Types

        


  
    
      
    
    
      plugin_id()



    

  


  

      

          @type plugin_id() :: atom()


      



  



  
    
      
    
    
      plugin_info()



    

  


  

      

          @type plugin_info() :: %{
  id: plugin_id(),
  module: module(),
  version: String.t(),
  dependencies: [plugin_id()],
  config: map()
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      child_spec(init_arg)



    

  


  

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

  



  
    
      
    
    
      get_plugin_config(plugin_id)



    

  


  

      

          @spec get_plugin_config(plugin_id()) :: map()


      


Get plugin configuration

  



  
    
      
    
    
      get_plugin_info(plugin_id)



    

  


  

      

          @spec get_plugin_info(plugin_id()) :: plugin_info() | nil


      


Get information about a loaded plugin

  



  
    
      
    
    
      init(opts)



    

  


  

Callback implementation for GenServer.init/1.

  



  
    
      
    
    
      list_plugins()



    

  


  

      

          @spec list_plugins() :: [plugin_id()]


      


List all loaded plugins

  



  
    
      
    
    
      load_plugin(module)



    

  


  

      

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


      


Load a plugin by module name

  



  
    
      
    
    
      plugin_loaded?(plugin_id)



    

  


  

      

          @spec plugin_loaded?(plugin_id()) :: boolean()


      


Check if a plugin is loaded

  



  
    
      
    
    
      set_plugin_config(plugin_id, config)



    

  


  

      

          @spec set_plugin_config(plugin_id(), map()) :: :ok


      


Set plugin configuration

  



    

  
    
      
    
    
      start_link(opts \\ [])



    

  


  


  



  
    
      
    
    
      unload_plugin(plugin_id)



    

  


  

      

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


      


Unload a plugin by ID

  



  
    
      
    
    
      unwatch_plugin(plugin_id, pid)



    

  


  

      

          @spec unwatch_plugin(plugin_id(), pid()) :: :ok


      


Unwatch plugin lifecycle events

  



  
    
      
    
    
      watch_plugin(plugin_id, pid)



    

  


  

      

          @spec watch_plugin(plugin_id(), pid()) :: :ok


      


Watch for plugin lifecycle events

  


        

      


  

    
PacketFlow.Plugin.Interface behaviour
    



      
Standard interfaces for PacketFlow plugins
This module defines the standard interfaces that plugins must implement
to integrate with the PacketFlow system.

      


      
        Summary


  
    Callbacks
  


    
      
        cleanup()

      


    


    
      
        compose_capabilities(list, map)

      


    


    
      
        compose_context(list, map)

      


    


    
      
        compose_reactors(list, map)

      


    


    
      
        default_config()

      


    


    
      
        delegate_capability(any, any, map)

      


    


    
      
        dependencies()

      


    


    
      
        generate_docs(any, map)

      


        Documentation plugin interface



    


    
      
        generate_test(any, map)

      


    


    
      
        init(map)

      


        Base plugin interface that all plugins must implement



    


    
      
        process(any, map)

      


    


    
      
        process_reactor(any, map)

      


        Reactor plugin interface



    


    
      
        process_stream(any, map)

      


        Stream plugin interface



    


    
      
        process_temporal(any, map)

      


        Temporal plugin interface



    


    
      
        propagate_context(any, map)

      


        Context plugin interface



    


    
      
        render_component(any, map)

      


        Web component plugin interface



    


    
      
        route_intent(any, list, map)

      


        Intent plugin interface



    


    
      
        run_test(any, map)

      


        Test plugin interface



    


    
      
        schedule_temporal(any, map)

      


    


    
      
        transform_component(any, map)

      


    


    
      
        transform_docs(any, map)

      


    


    
      
        transform_intent(any, map)

      


    


    
      
        transform_stream(any, map)

      


    


    
      
        validate_capability(any, map)

      


        Capability plugin interface



    


    
      
        validate_component(any, map)

      


    


    
      
        validate_context(any, map)

      


    


    
      
        validate_docs(any, map)

      


    


    
      
        validate_intent(any, map)

      


    


    
      
        validate_reactor(any, map)

      


    


    
      
        validate_stream(any, map)

      


    


    
      
        validate_temporal(any, map)

      


    


    
      
        validate_test(any, map)

      


    


    
      
        version()

      


    





  
    Functions
  


    
      
        defcapability_plugin(name, list)

      


        Macro to define a capability plugin



    


    
      
        defcontext_plugin(name, list)

      


        Macro to define a context plugin



    


    
      
        defdocs_plugin(name, list)

      


        Macro to define a documentation plugin



    


    
      
        defintent_plugin(name, list)

      


        Macro to define an intent plugin



    


    
      
        defreactor_plugin(name, list)

      


        Macro to define a reactor plugin



    


    
      
        defstream_plugin(name, list)

      


        Macro to define a stream plugin



    


    
      
        deftemporal_plugin(name, list)

      


        Macro to define a temporal plugin



    


    
      
        deftest_plugin(name, list)

      


        Macro to define a test plugin



    


    
      
        defweb_plugin(name, list)

      


        Macro to define a web component plugin



    





      


      
        Callbacks

        


  
    
      
    
    
      cleanup()



    

  


  

      

          @callback cleanup() :: :ok


      



  



  
    
      
    
    
      compose_capabilities(list, map)



    

  


  

      

          @callback compose_capabilities([any()], map()) :: {:ok, any()} | {:error, String.t()}


      



  



  
    
      
    
    
      compose_context(list, map)



    

  


  

      

          @callback compose_context([any()], map()) :: {:ok, any()} | {:error, String.t()}


      



  



  
    
      
    
    
      compose_reactors(list, map)



    

  


  

      

          @callback compose_reactors([any()], map()) :: {:ok, any()} | {:error, String.t()}


      



  



  
    
      
    
    
      default_config()



    

  


  

      

          @callback default_config() :: map()


      



  



  
    
      
    
    
      delegate_capability(any, any, map)



    

  


  

      

          @callback delegate_capability(any(), any(), map()) :: {:ok, any()} | {:error, String.t()}


      



  



  
    
      
    
    
      dependencies()



    

  


  

      

          @callback dependencies() :: [atom()]


      



  



  
    
      
    
    
      generate_docs(any, map)



    

  


  

      

          @callback generate_docs(any(), map()) :: {:ok, any()} | {:error, String.t()}


      


Documentation plugin interface

  



  
    
      
    
    
      generate_test(any, map)



    

  


  

      

          @callback generate_test(any(), map()) :: {:ok, any()} | {:error, String.t()}


      



  



  
    
      
    
    
      init(map)



    

  


  

      

          @callback init(map()) :: :ok | {:error, String.t()}


      


Base plugin interface that all plugins must implement

  



  
    
      
    
    
      process(any, map)



    

  


  

      

          @callback process(any(), map()) :: {:ok, any()} | {:error, String.t()}


      



  



  
    
      
    
    
      process_reactor(any, map)



    

  


  

      

          @callback process_reactor(any(), map()) :: {:ok, any()} | {:error, String.t()}


      


Reactor plugin interface

  



  
    
      
    
    
      process_stream(any, map)



    

  


  

      

          @callback process_stream(any(), map()) :: {:ok, any()} | {:error, String.t()}


      


Stream plugin interface

  



  
    
      
    
    
      process_temporal(any, map)



    

  


  

      

          @callback process_temporal(any(), map()) :: {:ok, any()} | {:error, String.t()}


      


Temporal plugin interface

  



  
    
      
    
    
      propagate_context(any, map)



    

  


  

      

          @callback propagate_context(any(), map()) :: {:ok, any()} | {:error, String.t()}


      


Context plugin interface

  



  
    
      
    
    
      render_component(any, map)



    

  


  

      

          @callback render_component(any(), map()) :: {:ok, any()} | {:error, String.t()}


      


Web component plugin interface

  



  
    
      
    
    
      route_intent(any, list, map)



    

  


  

      

          @callback route_intent(any(), [any()], map()) :: {:ok, any()} | {:error, String.t()}


      


Intent plugin interface

  



  
    
      
    
    
      run_test(any, map)



    

  


  

      

          @callback run_test(any(), map()) :: {:ok, any()} | {:error, String.t()}


      


Test plugin interface

  



  
    
      
    
    
      schedule_temporal(any, map)



    

  


  

      

          @callback schedule_temporal(any(), map()) :: {:ok, any()} | {:error, String.t()}


      



  



  
    
      
    
    
      transform_component(any, map)



    

  


  

      

          @callback transform_component(any(), map()) :: {:ok, any()} | {:error, String.t()}


      



  



  
    
      
    
    
      transform_docs(any, map)



    

  


  

      

          @callback transform_docs(any(), map()) :: {:ok, any()} | {:error, String.t()}


      



  



  
    
      
    
    
      transform_intent(any, map)



    

  


  

      

          @callback transform_intent(any(), map()) :: {:ok, any()} | {:error, String.t()}


      



  



  
    
      
    
    
      transform_stream(any, map)



    

  


  

      

          @callback transform_stream(any(), map()) :: {:ok, any()} | {:error, String.t()}


      



  



  
    
      
    
    
      validate_capability(any, map)



    

  


  

      

          @callback validate_capability(any(), map()) :: {:ok, boolean()} | {:error, String.t()}


      


Capability plugin interface

  



  
    
      
    
    
      validate_component(any, map)



    

  


  

      

          @callback validate_component(any(), map()) :: {:ok, boolean()} | {:error, String.t()}


      



  



  
    
      
    
    
      validate_context(any, map)



    

  


  

      

          @callback validate_context(any(), map()) :: {:ok, boolean()} | {:error, String.t()}


      



  



  
    
      
    
    
      validate_docs(any, map)



    

  


  

      

          @callback validate_docs(any(), map()) :: {:ok, boolean()} | {:error, String.t()}


      



  



  
    
      
    
    
      validate_intent(any, map)



    

  


  

      

          @callback validate_intent(any(), map()) :: {:ok, boolean()} | {:error, String.t()}


      



  



  
    
      
    
    
      validate_reactor(any, map)



    

  


  

      

          @callback validate_reactor(any(), map()) :: {:ok, boolean()} | {:error, String.t()}


      



  



  
    
      
    
    
      validate_stream(any, map)



    

  


  

      

          @callback validate_stream(any(), map()) :: {:ok, boolean()} | {:error, String.t()}


      



  



  
    
      
    
    
      validate_temporal(any, map)



    

  


  

      

          @callback validate_temporal(any(), map()) :: {:ok, boolean()} | {:error, String.t()}


      



  



  
    
      
    
    
      validate_test(any, map)



    

  


  

      

          @callback validate_test(any(), map()) :: {:ok, boolean()} | {:error, String.t()}


      



  



  
    
      
    
    
      version()



    

  


  

      

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


      



  


        

      

      
        Functions

        


  
    
      
    
    
      defcapability_plugin(name, list)


        (macro)


    

  


  

Macro to define a capability plugin

  



  
    
      
    
    
      defcontext_plugin(name, list)


        (macro)


    

  


  

Macro to define a context plugin

  



  
    
      
    
    
      defdocs_plugin(name, list)


        (macro)


    

  


  

Macro to define a documentation plugin

  



  
    
      
    
    
      defintent_plugin(name, list)


        (macro)


    

  


  

Macro to define an intent plugin

  



  
    
      
    
    
      defreactor_plugin(name, list)


        (macro)


    

  


  

Macro to define a reactor plugin

  



  
    
      
    
    
      defstream_plugin(name, list)


        (macro)


    

  


  

Macro to define a stream plugin

  



  
    
      
    
    
      deftemporal_plugin(name, list)


        (macro)


    

  


  

Macro to define a temporal plugin

  



  
    
      
    
    
      deftest_plugin(name, list)


        (macro)


    

  


  

Macro to define a test plugin

  



  
    
      
    
    
      defweb_plugin(name, list)


        (macro)


    

  


  

Macro to define a web component plugin

  


        

      


  

    
PacketFlow.Reactor behaviour
    




      
        Summary


  
    Callbacks
  


    
      
        process_intent(intent, state)

      


    





      


      
        Callbacks

        


  
    
      
    
    
      process_intent(intent, state)



    

  


  

      

          @callback process_intent(intent :: any(), state :: any()) ::
  {:ok, new_state :: any(), effects :: [any()]} | {:error, reason :: any()}


      



  


        

      


  

    
PacketFlow.Reactor.Message 
    




      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %PacketFlow.Reactor.Message{
  capabilities: [any()],
  context: struct(),
  intent: any(),
  metadata: map(),
  timestamp: integer()
}


      



  


        

      


  

    
PacketFlow.Registry 
    



      
PacketFlow Registry: Manages registration and discovery of PacketFlow components.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        init(opts)

      


        Callback implementation for GenServer.init/1.



    


    
      
        list_capabilities()

      


    


    
      
        list_components()

      


    


    
      
        list_contexts()

      


    


    
      
        list_intents()

      


    


    
      
        list_reactors()

      


    


    
      
        lookup_capability(id)

      


    


    
      
        lookup_component(id)

      


    


    
      
        lookup_context(id)

      


    


    
      
        lookup_intent(id)

      


    


    
      
        lookup_reactor(id)

      


    


    
      
        register_capability(id, capability_info)

      


    


    
      
        register_component(id, component_info)

      


    


    
      
        register_context(id, context_info)

      


    


    
      
        register_intent(id, intent_info)

      


    


    
      
        register_reactor(id, reactor_info)

      


    


    
      
        start_link(opts)

      


    


    
      
        unwatch_component(id, pid)

      


    


    
      
        watch_component(id, pid)

      


    





      


      
        Functions

        


  
    
      
    
    
      child_spec(init_arg)



    

  


  

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

  



  
    
      
    
    
      init(opts)



    

  


  

Callback implementation for GenServer.init/1.

  



  
    
      
    
    
      list_capabilities()



    

  


  


  



  
    
      
    
    
      list_components()



    

  


  


  



  
    
      
    
    
      list_contexts()



    

  


  


  



  
    
      
    
    
      list_intents()



    

  


  


  



  
    
      
    
    
      list_reactors()



    

  


  


  



  
    
      
    
    
      lookup_capability(id)



    

  


  


  



  
    
      
    
    
      lookup_component(id)



    

  


  


  



  
    
      
    
    
      lookup_context(id)



    

  


  


  



  
    
      
    
    
      lookup_intent(id)



    

  


  


  



  
    
      
    
    
      lookup_reactor(id)



    

  


  


  



  
    
      
    
    
      register_capability(id, capability_info)



    

  


  


  



  
    
      
    
    
      register_component(id, component_info)



    

  


  


  



  
    
      
    
    
      register_context(id, context_info)



    

  


  


  



  
    
      
    
    
      register_intent(id, intent_info)



    

  


  


  



  
    
      
    
    
      register_reactor(id, reactor_info)



    

  


  


  



  
    
      
    
    
      start_link(opts)



    

  


  


  



  
    
      
    
    
      unwatch_component(id, pid)



    

  


  


  



  
    
      
    
    
      watch_component(id, pid)



    

  


  


  


        

      


  

    
PacketFlow.Registry.Discovery 
    



      
Component discovery and lookup mechanisms
This module provides sophisticated component discovery capabilities including:
	Component pattern matching
	Component capability matching
	Component version matching
	Component health filtering
	Component load balancing


      


      
        Summary


  
    Types
  


    
      
        component_match()

      


    


    
      
        discovery_pattern()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        find_by_capabilities(required_capabilities)

      


        Find components by capability requirements



    


    
      
        find_by_type(component_type)

      


        Find components by type



    


    
      
        find_components(pattern)

      


        Find components matching a pattern



    


    
      
        find_healthy_components(pattern \\ %{})

      


        Find healthy components only



    


    
      
        get_best_match(pattern, strategy \\ :round_robin)

      


        Get best component match using load balancing



    


    
      
        get_component_health(id)

      


        Get component health with caching



    


    
      
        get_component_metadata(id)

      


        Get component metadata



    


    
      
        init(opts)

      


        Callback implementation for GenServer.init/1.



    


    
      
        refresh_health_cache()

      


        Refresh health cache for all components



    


    
      
        register_component(id, module, metadata \\ %{})

      


        Register a component for discovery



    


    
      
        start_link(opts \\ [])

      


    


    
      
        unregister_component(id)

      


        Unregister a component from discovery



    


    
      
        update_component_metadata(id, metadata)

      


        Update component metadata



    





      


      
        Types

        


  
    
      
    
    
      component_match()



    

  


  

      

          @type component_match() :: %{
  id: atom(),
  module: module(),
  metadata: map(),
  score: float()
}


      



  



  
    
      
    
    
      discovery_pattern()



    

  


  

      

          @type discovery_pattern() :: %{
  name: String.t() | :any,
  type: atom() | :any,
  capabilities: [term()] | :any,
  version: String.t() | :any,
  health: :healthy | :unhealthy | :degraded | :any,
  tags: [String.t()] | :any
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      child_spec(init_arg)



    

  


  

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

  



  
    
      
    
    
      find_by_capabilities(required_capabilities)



    

  


  

      

          @spec find_by_capabilities([term()]) :: [component_match()]


      


Find components by capability requirements

  



  
    
      
    
    
      find_by_type(component_type)



    

  


  

      

          @spec find_by_type(atom()) :: [component_match()]


      


Find components by type

  



  
    
      
    
    
      find_components(pattern)



    

  


  

      

          @spec find_components(discovery_pattern()) :: [component_match()]


      


Find components matching a pattern

  



    

  
    
      
    
    
      find_healthy_components(pattern \\ %{})



    

  


  

      

          @spec find_healthy_components(discovery_pattern()) :: [component_match()]


      


Find healthy components only

  



    

  
    
      
    
    
      get_best_match(pattern, strategy \\ :round_robin)



    

  


  

      

          @spec get_best_match(discovery_pattern(), atom()) :: component_match() | nil


      


Get best component match using load balancing

  



  
    
      
    
    
      get_component_health(id)



    

  


  

      

          @spec get_component_health(atom()) :: :healthy | :unhealthy | :degraded | :unknown


      


Get component health with caching

  



  
    
      
    
    
      get_component_metadata(id)



    

  


  

      

          @spec get_component_metadata(atom()) :: map() | nil


      


Get component metadata

  



  
    
      
    
    
      init(opts)



    

  


  

Callback implementation for GenServer.init/1.

  



  
    
      
    
    
      refresh_health_cache()



    

  


  

      

          @spec refresh_health_cache() :: :ok


      


Refresh health cache for all components

  



    

  
    
      
    
    
      register_component(id, module, metadata \\ %{})



    

  


  

      

          @spec register_component(atom(), module(), map()) :: :ok | {:error, term()}


      


Register a component for discovery

  



    

  
    
      
    
    
      start_link(opts \\ [])



    

  


  


  



  
    
      
    
    
      unregister_component(id)



    

  


  

      

          @spec unregister_component(atom()) :: :ok


      


Unregister a component from discovery

  



  
    
      
    
    
      update_component_metadata(id, metadata)



    

  


  

      

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


      


Update component metadata

  


        

      


  

    
PacketFlow.Stream 
    



      
PacketFlow Stream Substrate: Real-time stream processing with backpressure handling,
windowing operations, and capability-aware stream composition.
This substrate provides:
	Real-time stream processing with backpressure handling
	Time and count-based windowing operations
	Stream composition and transformation
	Real-time capability checking
	Stream monitoring and metrics


      




  

    
PacketFlow.Stream.Backpressure 
    



      
Backpressure handling strategies for stream processing

      


      
        Summary


  
    Functions
  


    
      
        defbackpressure(name, strategy, list)

      


        Define a backpressure strategy



    





      


      
        Functions

        


  
    
      
    
    
      defbackpressure(name, strategy, list)


        (macro)


    

  


  

Define a backpressure strategy

  


        

      


  

    
PacketFlow.Stream.Monitor behaviour
    




      
        Summary


  
    Callbacks
  


    
      
        collect_metrics(stream_state)

      


    


    
      
        update_metrics(stream_state, event_type)

      


    





      


      
        Callbacks

        


  
    
      
    
    
      collect_metrics(stream_state)



    

  


  

      

          @callback collect_metrics(stream_state :: map()) :: map()


      



  



  
    
      
    
    
      update_metrics(stream_state, event_type)



    

  


  

      

          @callback update_metrics(stream_state :: map(), event_type :: atom()) :: map()


      



  


        

      


  

    
PacketFlow.Stream.Monitoring 
    



      
Stream monitoring and metrics collection

      


      
        Summary


  
    Functions
  


    
      
        defmonitor(name, list)

      


        Define a stream monitor



    





      


      
        Functions

        


  
    
      
    
    
      defmonitor(name, list)


        (macro)


    

  


  

Define a stream monitor

  


        

      


  

    
PacketFlow.Stream.Processing 
    



      
Stream processing operations and transformations

      


      
        Summary


  
    Functions
  


    
      
        defstream(name, list)

      


        Define a stream processor with processing pipeline



    


    
      
        deftransform(name, list)

      


        Define a stream transformation



    





      


      
        Functions

        


  
    
      
    
    
      defstream(name, list)


        (macro)


    

  


  

Define a stream processor with processing pipeline

  



  
    
      
    
    
      deftransform(name, list)


        (macro)


    

  


  

Define a stream transformation

  


        

      


  

    
PacketFlow.Stream.Processor behaviour
    




      
        Summary


  
    Callbacks
  


    
      
        process_event(event, context, state)

      


    


    
      
        start_link(opts)

      


    





      


      
        Callbacks

        


  
    
      
    
    
      process_event(event, context, state)



    

  


  

      

          @callback process_event(event :: any(), context :: any(), state :: any()) ::
  {:ok, new_state :: any(), effects :: [any()]} | {:error, reason :: any()}


      



  



  
    
      
    
    
      start_link(opts)



    

  


  

      

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


      



  


        

      


  

    
PacketFlow.Stream.Transform behaviour
    




      
        Summary


  
    Callbacks
  


    
      
        transform(event, context, state)

      


    


    
      
        transform_batch(events, context, state)

      


    





      


      
        Callbacks

        


  
    
      
    
    
      transform(event, context, state)



    

  


  

      

          @callback transform(event :: any(), context :: any(), state :: any()) ::
  {:ok, transformed_event :: any(), new_state :: any()}


      



  



  
    
      
    
    
      transform_batch(events, context, state)



    

  


  

      

          @callback transform_batch(events :: [any()], context :: any(), state :: any()) ::
  {:ok, transformed_events :: [any()], new_state :: any()}


      



  


        

      


  

    
PacketFlow.Stream.Window behaviour
    




      
        Summary


  
    Callbacks
  


    
      
        add_to_window(window, event)

      


    


    
      
        create_window(window_type, size)

      


    


    
      
        process_window(window)

      


    





      


      
        Callbacks

        


  
    
      
    
    
      add_to_window(window, event)



    

  


  

      

          @callback add_to_window(window :: map(), event :: any()) :: {:ok, updated_window :: map()}


      



  



  
    
      
    
    
      create_window(window_type, size)



    

  


  

      

          @callback create_window(window_type :: atom(), size :: integer()) ::
  {:ok, window :: map()} | {:error, reason :: any()}


      



  



  
    
      
    
    
      process_window(window)



    

  


  

      

          @callback process_window(window :: map()) :: {:ok, result :: any()}


      



  


        

      


  

    
PacketFlow.Stream.Windowing 
    



      
Time and count-based windowing operations

      


      
        Summary


  
    Functions
  


    
      
        defwindow(name, window_spec, list)

      


        Define a windowing operation



    





      


      
        Functions

        


  
    
      
    
    
      defwindow(name, window_spec, list)


        (macro)


    

  


  

Define a windowing operation

  


        

      


  

    
PacketFlow.StreamMiddleware 
    




      
        Summary


  
    Functions
  


    
      
        call(conn, opts)

      


    


    
      
        init(opts)

      


    





      


      
        Functions

        


  
    
      
    
    
      call(conn, opts)



    

  


  


  



  
    
      
    
    
      init(opts)



    

  


  


  


        

      


  

    
PacketFlow.Substrate 
    



      
Dynamic substrate composition and management for PacketFlow
This module provides:
	Dynamic substrate loading
	Substrate composition patterns
	Substrate dependency resolution
	Substrate configuration
	Substrate monitoring


      


      
        Summary


  
    Types
  


    
      
        substrate_config()

      


    


    
      
        substrate_id()

      


    


    
      
        substrate_info()

      


    





  
    Functions
  


    
      
        add_substrate_dependency(id, dependency_id)

      


        Add substrate dependency



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        create_composition(name, substrate_ids, config \\ %{})

      


        Create a substrate composition



    


    
      
        get_substrate_health(id)

      


        Get substrate health status



    


    
      
        get_substrate_info(id)

      


        Get substrate information



    


    
      
        init(opts)

      


        Callback implementation for GenServer.init/1.



    


    
      
        list_substrates()

      


        List all substrates



    


    
      
        load_composition(name)

      


        Load a substrate composition



    


    
      
        register_substrate(id, module, config \\ %{})

      


        Register a substrate with dynamic loading capabilities



    


    
      
        remove_substrate_dependency(id, dependency_id)

      


        Remove substrate dependency



    


    
      
        start_link(opts \\ [])

      


    


    
      
        unregister_substrate(id)

      


        Unregister a substrate



    


    
      
        unwatch_substrate(id, pid)

      


        Unwatch substrate



    


    
      
        update_substrate_config(id, config)

      


        Update substrate configuration



    


    
      
        watch_substrate(id, pid)

      


        Watch substrate for changes



    





      


      
        Types

        


  
    
      
    
    
      substrate_config()



    

  


  

      

          @type substrate_config() :: map()


      



  



  
    
      
    
    
      substrate_id()



    

  


  

      

          @type substrate_id() :: atom()


      



  



  
    
      
    
    
      substrate_info()



    

  


  

      

          @type substrate_info() :: %{
  id: substrate_id(),
  module: module(),
  config: substrate_config(),
  dependencies: [substrate_id()],
  status: :active | :inactive | :error,
  load_factor: float(),
  last_heartbeat: integer()
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      add_substrate_dependency(id, dependency_id)



    

  


  

      

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


      


Add substrate dependency

  



  
    
      
    
    
      child_spec(init_arg)



    

  


  

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

  



    

  
    
      
    
    
      create_composition(name, substrate_ids, config \\ %{})



    

  


  

      

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


      


Create a substrate composition

  



  
    
      
    
    
      get_substrate_health(id)



    

  


  

      

          @spec get_substrate_health(substrate_id()) :: map() | {:error, String.t()}


      


Get substrate health status

  



  
    
      
    
    
      get_substrate_info(id)



    

  


  

      

          @spec get_substrate_info(substrate_id()) :: substrate_info() | nil


      


Get substrate information

  



  
    
      
    
    
      init(opts)



    

  


  

Callback implementation for GenServer.init/1.

  



  
    
      
    
    
      list_substrates()



    

  


  

      

          @spec list_substrates() :: [substrate_id()]


      


List all substrates

  



  
    
      
    
    
      load_composition(name)



    

  


  

      

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


      


Load a substrate composition

  



    

  
    
      
    
    
      register_substrate(id, module, config \\ %{})



    

  


  

      

          @spec register_substrate(substrate_id(), module(), substrate_config()) ::
  {:ok, substrate_info()} | {:error, String.t()}


      


Register a substrate with dynamic loading capabilities

  



  
    
      
    
    
      remove_substrate_dependency(id, dependency_id)



    

  


  

      

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


      


Remove substrate dependency

  



    

  
    
      
    
    
      start_link(opts \\ [])



    

  


  


  



  
    
      
    
    
      unregister_substrate(id)



    

  


  

      

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


      


Unregister a substrate

  



  
    
      
    
    
      unwatch_substrate(id, pid)



    

  


  

      

          @spec unwatch_substrate(substrate_id(), pid()) :: :ok | {:error, String.t()}


      


Unwatch substrate

  



  
    
      
    
    
      update_substrate_config(id, config)



    

  


  

      

          @spec update_substrate_config(substrate_id(), substrate_config()) ::
  :ok | {:error, String.t()}


      


Update substrate configuration

  



  
    
      
    
    
      watch_substrate(id, pid)



    

  


  

      

          @spec watch_substrate(substrate_id(), pid()) :: :ok | {:error, String.t()}


      


Watch substrate for changes

  


        

      


  

    
PacketFlow.Substrate.Interface behaviour
    



      
Standard interfaces for PacketFlow substrates
This module defines the standard interfaces that all substrates must implement
for proper communication, composition, and monitoring.

      


      
        Summary


  
    Callbacks
  


    
      
        accept_migration(migrating_substrate, state)

      


    


    
      
        add_dependency(dependency)

      


    


    
      
        authenticate(credentials)

      


        Substrate security interface



    


    
      
        authorize(permission, resource)

      


    


    
      
        begin_transaction()

      


        Substrate transaction interface



    


    
      
        clear_failure_history()

      


    


    
      
        commit_transaction(transaction_id)

      


    


    
      
        compose_with(other_substrate, config)

      


        Substrate composition interface



    


    
      
        connect_port(port_type, port_id, target)

      


    


    
      
        create_backup()

      


        Substrate backup interface



    


    
      
        deserialize_state(serialized)

      


    


    
      
        disconnect_from(integration_id)

      


    


    
      
        disconnect_port(port_type, port_id)

      


    


    
      
        discover_peers()

      


        Substrate discovery interface



    


    
      
        emit_event(event, data)

      


    


    
      
        get_capabilities()

      


        Substrate capability interface



    


    
      
        get_debug_info()

      


        Substrate debugging interface



    


    
      
        get_dependencies()

      


        Substrate dependency interface



    


    
      
        get_failure_history()

      


    


    
      
        get_health_status()

      


        Substrate monitoring interface



    


    
      
        get_input_ports()

      


        Substrate data flow interface



    


    
      
        get_logs()

      


    


    
      
        get_metrics()

      


        Substrate metrics interface



    


    
      
        get_output_ports()

      


    


    
      
        get_performance_stats()

      


    


    
      
        get_resource_limits()

      


    


    
      
        get_resource_usage()

      


        Substrate resource management interface



    


    
      
        get_scaling_recommendations()

      


    


    
      
        get_state()

      


        Substrate state management interface



    


    
      
        get_time_constraints()

      


        Substrate time management interface



    


    
      
        get_version()

      


        Substrate versioning interface



    


    
      
        handle_failure(failure)

      


        Substrate fault tolerance interface



    


    
      
        has_capability(capability)

      


    


    
      
        init_substrate(config)

      


        Substrate initialization interface



    


    
      
        integrate_with(external_system, config)

      


        Substrate integration interface



    


    
      
        is_compatible_with(other_version)

      


    


    
      
        is_within_time_constraints()

      


    


    
      
        migrate_to(target_node)

      


        Substrate migration interface



    


    
      
        optimize()

      


        Substrate optimization interface



    


    
      
        record_metric(metric, value)

      


    


    
      
        register_with_registry(registry)

      


    


    
      
        remove_dependency(dependency)

      


    


    
      
        reset_state()

      


    


    
      
        restart_substrate()

      


    


    
      
        restore_from_backup(backup_data)

      


    


    
      
        rollback_transaction(transaction_id)

      


    


    
      
        scale_down(factor)

      


    


    
      
        scale_up(factor)

      


        Substrate scaling interface



    


    
      
        send_message(message, target)

      


        Substrate communication interface



    


    
      
        send_notification(notification_type, data)

      


    


    
      
        serialize_state()

      


        Substrate serialization interface



    


    
      
        set_debug_level(level)

      


    


    
      
        set_resource_limits(limits)

      


    


    
      
        set_state(state)

      


    


    
      
        set_time_constraints(constraints)

      


    


    
      
        start_substrate()

      


        Substrate lifecycle interface



    


    
      
        stop_substrate()

      


    


    
      
        subscribe_to_events(pid)

      


        Substrate event interface



    


    
      
        subscribe_to_notifications(pid, notification_types)

      


        Substrate notification interface



    


    
      
        unregister_from_registry(registry)

      


    


    
      
        unsubscribe_from_events(pid)

      


    


    
      
        unsubscribe_from_notifications(pid)

      


    


    
      
        update_config(config)

      


        Substrate configuration interface



    


    
      
        update_state(updates)

      


    


    
      
        validate_config(config)

      


        Substrate validation interface



    


    
      
        validate_message(message)

      


    





  
    Functions
  


    
      
        __using__(opts)

      


        Substrate validation helpers



    





      


      
        Callbacks

        


  
    
      
    
    
      accept_migration(migrating_substrate, state)



    

  


  

      

          @callback accept_migration(migrating_substrate :: module(), state :: map()) ::
  :ok | {:error, reason :: any()}


      



  



  
    
      
    
    
      add_dependency(dependency)



    

  


  

      

          @callback add_dependency(dependency :: module()) :: :ok | {:error, reason :: any()}


      



  



  
    
      
    
    
      authenticate(credentials)



    

  


  

      

          @callback authenticate(credentials :: map()) ::
  {:ok, permissions :: [atom()]} | {:error, reason :: any()}


      


Substrate security interface

  



  
    
      
    
    
      authorize(permission, resource)



    

  


  

      

          @callback authorize(permission :: atom(), resource :: any()) :: boolean()


      



  



  
    
      
    
    
      begin_transaction()



    

  


  

      

          @callback begin_transaction() ::
  {:ok, transaction_id :: atom()} | {:error, reason :: any()}


      


Substrate transaction interface

  



  
    
      
    
    
      clear_failure_history()



    

  


  

      

          @callback clear_failure_history() :: :ok


      



  



  
    
      
    
    
      commit_transaction(transaction_id)



    

  


  

      

          @callback commit_transaction(transaction_id :: atom()) :: :ok | {:error, reason :: any()}


      



  



  
    
      
    
    
      compose_with(other_substrate, config)



    

  


  

      

          @callback compose_with(other_substrate :: module(), config :: map()) ::
  {:ok, composed_module :: module()} | {:error, reason :: any()}


      


Substrate composition interface

  



  
    
      
    
    
      connect_port(port_type, port_id, target)



    

  


  

      

          @callback connect_port(port_type :: :input | :output, port_id :: atom(), target :: any()) ::
  :ok | {:error, reason :: any()}


      



  



  
    
      
    
    
      create_backup()



    

  


  

      

          @callback create_backup() :: {:ok, backup_data :: map()} | {:error, reason :: any()}


      


Substrate backup interface

  



  
    
      
    
    
      deserialize_state(serialized)



    

  


  

      

          @callback deserialize_state(serialized :: binary()) ::
  {:ok, state :: map()} | {:error, reason :: any()}


      



  



  
    
      
    
    
      disconnect_from(integration_id)



    

  


  

      

          @callback disconnect_from(integration_id :: atom()) :: :ok | {:error, reason :: any()}


      



  



  
    
      
    
    
      disconnect_port(port_type, port_id)



    

  


  

      

          @callback disconnect_port(port_type :: :input | :output, port_id :: atom()) ::
  :ok | {:error, reason :: any()}


      



  



  
    
      
    
    
      discover_peers()



    

  


  

      

          @callback discover_peers() :: [map()]


      


Substrate discovery interface

  



  
    
      
    
    
      emit_event(event, data)



    

  


  

      

          @callback emit_event(event :: atom(), data :: any()) :: :ok


      



  



  
    
      
    
    
      get_capabilities()



    

  


  

      

          @callback get_capabilities() :: [atom()]


      


Substrate capability interface

  



  
    
      
    
    
      get_debug_info()



    

  


  

      

          @callback get_debug_info() :: map()


      


Substrate debugging interface

  



  
    
      
    
    
      get_dependencies()



    

  


  

      

          @callback get_dependencies() :: [module()]


      


Substrate dependency interface

  



  
    
      
    
    
      get_failure_history()



    

  


  

      

          @callback get_failure_history() :: [map()]


      



  



  
    
      
    
    
      get_health_status()



    

  


  

      

          @callback get_health_status() :: map()


      


Substrate monitoring interface

  



  
    
      
    
    
      get_input_ports()



    

  


  

      

          @callback get_input_ports() :: [map()]


      


Substrate data flow interface

  



  
    
      
    
    
      get_logs()



    

  


  

      

          @callback get_logs() :: [String.t()]


      



  



  
    
      
    
    
      get_metrics()



    

  


  

      

          @callback get_metrics() :: map()


      


Substrate metrics interface

  



  
    
      
    
    
      get_output_ports()



    

  


  

      

          @callback get_output_ports() :: [map()]


      



  



  
    
      
    
    
      get_performance_stats()



    

  


  

      

          @callback get_performance_stats() :: map()


      



  



  
    
      
    
    
      get_resource_limits()



    

  


  

      

          @callback get_resource_limits() :: map()


      



  



  
    
      
    
    
      get_resource_usage()



    

  


  

      

          @callback get_resource_usage() :: map()


      


Substrate resource management interface

  



  
    
      
    
    
      get_scaling_recommendations()



    

  


  

      

          @callback get_scaling_recommendations() :: [map()]


      



  



  
    
      
    
    
      get_state()



    

  


  

      

          @callback get_state() :: map()


      


Substrate state management interface

  



  
    
      
    
    
      get_time_constraints()



    

  


  

      

          @callback get_time_constraints() :: [map()]


      


Substrate time management interface

  



  
    
      
    
    
      get_version()



    

  


  

      

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


      


Substrate versioning interface

  



  
    
      
    
    
      handle_failure(failure)



    

  


  

      

          @callback handle_failure(failure :: map()) :: :ok | {:error, reason :: any()}


      


Substrate fault tolerance interface

  



  
    
      
    
    
      has_capability(capability)



    

  


  

      

          @callback has_capability(capability :: atom()) :: boolean()


      



  



  
    
      
    
    
      init_substrate(config)



    

  


  

      

          @callback init_substrate(config :: map()) ::
  {:ok, state :: map()} | {:error, reason :: any()}


      


Substrate initialization interface

  



  
    
      
    
    
      integrate_with(external_system, config)



    

  


  

      

          @callback integrate_with(external_system :: atom(), config :: map()) ::
  {:ok, integration_id :: atom()} | {:error, reason :: any()}


      


Substrate integration interface

  



  
    
      
    
    
      is_compatible_with(other_version)



    

  


  

      

          @callback is_compatible_with(other_version :: String.t()) :: boolean()


      



  



  
    
      
    
    
      is_within_time_constraints()



    

  


  

      

          @callback is_within_time_constraints() :: boolean()


      



  



  
    
      
    
    
      migrate_to(target_node)



    

  


  

      

          @callback migrate_to(target_node :: atom()) :: :ok | {:error, reason :: any()}


      


Substrate migration interface

  



  
    
      
    
    
      optimize()



    

  


  

      

          @callback optimize() :: {:ok, optimizations :: [map()]} | {:error, reason :: any()}


      


Substrate optimization interface

  



  
    
      
    
    
      record_metric(metric, value)



    

  


  

      

          @callback record_metric(metric :: atom(), value :: any()) :: :ok


      



  



  
    
      
    
    
      register_with_registry(registry)



    

  


  

      

          @callback register_with_registry(registry :: atom()) :: :ok | {:error, reason :: any()}


      



  



  
    
      
    
    
      remove_dependency(dependency)



    

  


  

      

          @callback remove_dependency(dependency :: module()) :: :ok | {:error, reason :: any()}


      



  



  
    
      
    
    
      reset_state()



    

  


  

      

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


      



  



  
    
      
    
    
      restart_substrate()



    

  


  

      

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


      



  



  
    
      
    
    
      restore_from_backup(backup_data)



    

  


  

      

          @callback restore_from_backup(backup_data :: map()) :: :ok | {:error, reason :: any()}


      



  



  
    
      
    
    
      rollback_transaction(transaction_id)



    

  


  

      

          @callback rollback_transaction(transaction_id :: atom()) ::
  :ok | {:error, reason :: any()}


      



  



  
    
      
    
    
      scale_down(factor)



    

  


  

      

          @callback scale_down(factor :: float()) :: :ok | {:error, reason :: any()}


      



  



  
    
      
    
    
      scale_up(factor)



    

  


  

      

          @callback scale_up(factor :: float()) :: :ok | {:error, reason :: any()}


      


Substrate scaling interface

  



  
    
      
    
    
      send_message(message, target)



    

  


  

      

          @callback send_message(message :: any(), target :: any()) ::
  {:ok, response :: any()} | {:error, reason :: any()}


      


Substrate communication interface

  



  
    
      
    
    
      send_notification(notification_type, data)



    

  


  

      

          @callback send_notification(notification_type :: atom(), data :: any()) :: :ok


      



  



  
    
      
    
    
      serialize_state()



    

  


  

      

          @callback serialize_state() :: binary()


      


Substrate serialization interface

  



  
    
      
    
    
      set_debug_level(level)



    

  


  

      

          @callback set_debug_level(level :: atom()) :: :ok


      



  



  
    
      
    
    
      set_resource_limits(limits)



    

  


  

      

          @callback set_resource_limits(limits :: map()) :: :ok | {:error, reason :: any()}


      



  



  
    
      
    
    
      set_state(state)



    

  


  

      

          @callback set_state(state :: map()) :: :ok | {:error, reason :: any()}


      



  



  
    
      
    
    
      set_time_constraints(constraints)



    

  


  

      

          @callback set_time_constraints(constraints :: [map()]) :: :ok | {:error, reason :: any()}


      



  



  
    
      
    
    
      start_substrate()



    

  


  

      

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


      


Substrate lifecycle interface

  



  
    
      
    
    
      stop_substrate()



    

  


  

      

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


      



  



  
    
      
    
    
      subscribe_to_events(pid)



    

  


  

      

          @callback subscribe_to_events(pid :: pid()) :: :ok | {:error, reason :: any()}


      


Substrate event interface

  



  
    
      
    
    
      subscribe_to_notifications(pid, notification_types)



    

  


  

      

          @callback subscribe_to_notifications(pid :: pid(), notification_types :: [atom()]) ::
  :ok | {:error, reason :: any()}


      


Substrate notification interface

  



  
    
      
    
    
      unregister_from_registry(registry)



    

  


  

      

          @callback unregister_from_registry(registry :: atom()) :: :ok | {:error, reason :: any()}


      



  



  
    
      
    
    
      unsubscribe_from_events(pid)



    

  


  

      

          @callback unsubscribe_from_events(pid :: pid()) :: :ok | {:error, reason :: any()}


      



  



  
    
      
    
    
      unsubscribe_from_notifications(pid)



    

  


  

      

          @callback unsubscribe_from_notifications(pid :: pid()) :: :ok | {:error, reason :: any()}


      



  



  
    
      
    
    
      update_config(config)



    

  


  

      

          @callback update_config(config :: map()) :: :ok | {:error, reason :: any()}


      


Substrate configuration interface

  



  
    
      
    
    
      update_state(updates)



    

  


  

      

          @callback update_state(updates :: map()) :: :ok | {:error, reason :: any()}


      



  



  
    
      
    
    
      validate_config(config)



    

  


  

      

          @callback validate_config(config :: map()) ::
  {:ok, validated_config :: map()} | {:error, reason :: any()}


      


Substrate validation interface

  



  
    
      
    
    
      validate_message(message)



    

  


  

      

          @callback validate_message(message :: any()) ::
  {:ok, validated_message :: any()} | {:error, reason :: any()}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      __using__(opts)


        (macro)


    

  


  

Substrate validation helpers

  


        

      


  

    
PacketFlow.Temporal 
    



      
PacketFlow Temporal Substrate: Time-aware computation with temporal reasoning,
scheduling, and time-based capability validation.
This substrate provides:
	Time-aware intent modeling and processing
	Temporal reasoning and logic
	Intent scheduling and execution
	Time-based capability validation
	Temporal reactor processing


      




  

    
PacketFlow.Temporal.Intent behaviour
    




      
        Summary


  
    Callbacks
  


    
      
        execute(intent, context)

      


    


    
      
        schedule(intent, schedule_time, context)

      


    





      


      
        Callbacks

        


  
    
      
    
    
      execute(intent, context)



    

  


  

      

          @callback execute(intent :: any(), context :: any()) ::
  {:ok, result :: any(), effects :: [any()]} | {:error, reason :: any()}


      



  



  
    
      
    
    
      schedule(intent, schedule_time, context)



    

  


  

      

          @callback schedule(intent :: any(), schedule_time :: integer(), context :: any()) ::
  {:ok, result :: any()} | {:error, reason :: any()}


      



  


        

      


  

    
PacketFlow.Temporal.Logic behaviour
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        after?(time1, time2)

      


    


    
      
        before?(time1, time2)

      


    


    
      
        duration(start_time, end_time)

      


    


    
      
        during?(time, start_time, end_time)
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        overlap?(interval1, interval2)

      


    





      


      
        Callbacks

        


  
    
      
    
    
      after?(time1, time2)



    

  


  

      

          @callback after?(time1 :: integer(), time2 :: integer()) :: boolean()


      



  



  
    
      
    
    
      before?(time1, time2)



    

  


  

      

          @callback before?(time1 :: integer(), time2 :: integer()) :: boolean()


      



  



  
    
      
    
    
      duration(start_time, end_time)



    

  


  

      

          @callback duration(start_time :: integer(), end_time :: integer()) :: integer()


      



  



  
    
      
    
    
      during?(time, start_time, end_time)



    

  


  

      

          @callback during?(time :: integer(), start_time :: integer(), end_time :: integer()) ::
  boolean()


      



  



  
    
      
    
    
      now()



    

  


  

      

          @callback now() :: integer()


      



  



  
    
      
    
    
      overlap?(interval1, interval2)



    

  


  

      

          @callback overlap?(
  interval1 :: {integer(), integer()},
  interval2 :: {integer(), integer()}
) :: boolean()


      



  


        

      


  

    
PacketFlow.Temporal.Processing 
    



      
Time-aware reactor processing and temporal effects
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    Functions
  


    
      
        deftemporal_reactor(name, list)

      


        Define a temporal reactor



    





      


      
        Functions

        


  
    
      
    
    
      deftemporal_reactor(name, list)


        (macro)


    

  


  

Define a temporal reactor

  


        

      


  

    
PacketFlow.Temporal.Reactor behaviour
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        process_temporal_intent(intent, context, state)

      


    





      


      
        Callbacks

        


  
    
      
    
    
      process_temporal_intent(intent, context, state)



    

  


  

      

          @callback process_temporal_intent(intent :: any(), context :: any(), state :: any()) ::
  {:ok, new_state :: any(), effects :: [any()]} | {:error, reason :: any()}


      



  


        

      


  

    
PacketFlow.Temporal.Reasoning 
    



      
Temporal reasoning and logic for time-aware computation
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        deftemporal_constraint(name, constraint_spec, list)

      


        Define temporal constraints



    


    
      
        deftemporal_logic(name, list)

      


        Define temporal logic operators



    





      


      
        Functions

        


  
    
      
    
    
      deftemporal_constraint(name, constraint_spec, list)


        (macro)


    

  


  

Define temporal constraints

  



  
    
      
    
    
      deftemporal_logic(name, list)


        (macro)


    

  


  

Define temporal logic operators

  


        

      


  

    
PacketFlow.Temporal.Scheduler behaviour
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        get_scheduled_intents()

      


    


    
      
        schedule_intent(intent, schedule_time)

      


    


    
      
        start_link(opts)

      


    





      


      
        Callbacks

        


  
    
      
    
    
      get_scheduled_intents()



    

  


  

      

          @callback get_scheduled_intents() :: {:ok, [any()]}


      



  



  
    
      
    
    
      schedule_intent(intent, schedule_time)



    

  


  

      

          @callback schedule_intent(intent :: any(), schedule_time :: integer()) ::
  {:ok, scheduled_intent :: any()} | {:error, reason :: any()}


      



  



  
    
      
    
    
      start_link(opts)



    

  


  

      

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


      



  


        

      


  

    
PacketFlow.Temporal.Scheduling 
    



      
Intent scheduling and execution with temporal awareness
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    Functions
  


    
      
        defscheduler(name, schedule_spec, list)

      


        Define an intent scheduler



    


    
      
        deftemporal_intent(name, list)

      


        Define a temporal intent with time-aware processing



    





      


      
        Functions

        


  
    
      
    
    
      defscheduler(name, schedule_spec, list)


        (macro)


    

  


  

Define an intent scheduler

  



  
    
      
    
    
      deftemporal_intent(name, list)


        (macro)


    

  


  

Define a temporal intent with time-aware processing
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Time-based capability validation and temporal security
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    Functions
  


    
      
        deftemporal_validation(name, list)

      


        Define temporal capability validation



    





      


      
        Functions

        


  
    
      
    
    
      deftemporal_validation(name, list)


        (macro)


    

  


  

Define temporal capability validation

  


        

      


  

    
PacketFlow.Temporal.Validator behaviour
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        validate_temporal_capability(capability, time, context)

      


    


    
      
        validate_time_pattern(time, pattern)

      


    





      


      
        Callbacks

        


  
    
      
    
    
      validate_temporal_capability(capability, time, context)



    

  


  

      

          @callback validate_temporal_capability(
  capability :: any(),
  time :: integer(),
  context :: any()
) ::
  boolean()


      



  



  
    
      
    
    
      validate_time_pattern(time, pattern)



    

  


  

      

          @callback validate_time_pattern(time :: integer(), pattern :: atom()) :: boolean()


      



  


        

      


  

    
PacketFlow.TemporalMiddleware 
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PacketFlow.Web 
    



      
PacketFlow Web Framework: Higher-level web framework that leverages
PacketFlow substrates for backend processing and Temple for UI components.

      




  

    
PacketFlow.Web.Capability 
    



      
Web-specific capabilities for UI components and routes
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      defweb_capability(name, operations, list)
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PacketFlow.Web.Capability.FileCap 
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PacketFlow.Web.Component 
    



      
Temple component integration with PacketFlow capabilities
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Capability-aware middleware for PacketFlow web applications
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Intent-based routing that maps HTTP requests to PacketFlow intents
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